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Abstract

The research on high altitude platform stations (HAPS)
system and HAPS mobile high-speed communication
system is still in its infancy. In the absence of valid
description of HAPS mobile channel characteristics, there
are few special research on signal transmission and data
processing technologies in HAPS mobile communications.
When analyzing the angular spectrum of multipath
scattering distribution in HAPS mobile channel, the plane
wave assumption of ground wireless mobile channel is no
longer valid, and it is necessary to consider the extension
of the elevation and azimuth at the mobile terminal. The
HAPS mobile channel characteristic system is
constructed by software simulation, which provides
channel models and parameters in different environments
for the broadband HAPS mobile communication system
and its ground simulation and verification system.

Keywords: HAPS, Communication, Channel characteristics,
Channel modeling

1 Introduction

The developing high altitude platform stations
(HAPS) [1-3], the height of which is between the
ground and various communication satellites. Owing to
excellent radio wave transmission characteristics, the
communication connection between users on the
ground, platforms or platforms and satellites can be
finished through the platform, which has the
advantages of flexible layout, wide application, low
cost, safety and reliability. The communication
platform keeps synchronization with the rotation of the
earth and can stay in the air for a long time. On account
of its characteristics of low cost, rapid deployment, less
ground equipment, flexible use and convenient
recovery and exchange channels can be quickly
established over the battlefield, and field inbeam-
forming can be quickly and accurately transmitted to
the command center, so as to achieve the purpose of
real-time command operations. Moreover, the system
can also provide continuously monitor the ground and
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sky in 1000 km and nearly one million kilometers area.
Within the coverage of high altitude platform, cellular
network structure can still be used to organize
communication [4-6].

As a national fundamental communication
establishment and part of global mobile
communication, HAPS mobile communication has a
wide range of applications in national security,
emergency rescue, internet, remote education, satellite
television  broadcasting and personal mobile
communications. In the new generation of mobile
communication systems, the system must have higher
transmission rate and higher spectrum efficiency to
meet the transmission requirements of broadband
multimedia services. During the research of broadband
HAPS mobile communication system and its ground
simulation verification system, a necessary work is to
study the characteristics of channel propagation [7-10].
In order to achieve reliable transmission of inbeam-
forming, various communication technologies must be
selected for the channel propagation characteristics in
the stage of planning or design. At the same time, the
channel model can be easily simulated to verify the
practicability and efficiency of various communication
technologies [11-12].

In general, the research on the fading characteristics
of HAPS mobile channel is more focused on the time
domain dispersion characteristics and frequency
domain dispersion characteristics of the channel.
According to the different environments of the mobile
terminals, the HAPS mobile channel models can be
divided into two categories: single-state model and
multi-state model [13-16]. The single-state model
assumes that the envelope or power of the received
signal follows a uniquely determined probability
distribution and is suitable for describing stationary
channels. When the mobile terminal moves in a wide
range, the multi-state model can be used to describe the
channel characteristics because it exceeds the range
described by the single-state model. Due to its multiple
states, the multi-state model is suitable for describing
non-stationary channels, and different states correspond
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to different types of probability density distributions or
the same types of probability distributions with
different parameters [17-18]. With the development of
social economy, civil and military HAPS mobile
communication is more and more widely used, and the
demand for high-speed and high-quality data
transmission is more urgent, which puts forward higher
requirements for the transmission bandwidth of HAPS
mobile communication system. In the reality of
increasingly scarce frequency resources, using
advanced communication technology to improve
spectrum utilization and increase system capacity has
become the inevitable direction for the development of
HAPS mobile communication [19-20]. By using space-
time coding, the advantages of space diversity and time
diversity can be synthesized, and diversity gain and
coding gain can be provided, which greatly improves
the spectrum utilization. Due to the inherent
characteristics of HAPS mobile communication,
channel modeling needs to take full account of various
factors, such as the large delay difference (which
generates inter-symbol interference), large Doppler
frequency shift in different paths (which causes
channel dispersion effect in frequency domain and
determines whether the signal undergoes slow or fast
fading), the multipath effects caused by the
environment around mobile terminals, the time-domain
dispersion effects caused by shadow effects (which
determines whether the channel is broadband or not),
the stability of signal path (which decides whether
single-state model or multi-state model) and the spatial
correlation between signals of different paths.

The channel characteristics include multistate model
of broadband HAPS mobile channel and impulse
response model of broadband HAPS mobile channel
were established in section 2. The channel simulation
of broadband HAPS communication system was
finished in section 3 and some conclusions were
discussed in section 4.

2 Channel Characteristics

2.1 Multistate Model of Broadband HAPS
Mobile Channel

Since the multi-state HAPS mobile channel model in
wide-area environment needs to dynamically switch
back and forth between multiple states randomly, a
handover method that can simulate the actual situation
better is needed. Generally, the state of random signal
at a certain moment is mainly affected by the state of
the signal at the last time, while the state of the signal
away from the moment has little or no influence. Thus,
a mathematical Markov chain model is used to realize
the stochastic switching process.

Let the parameter set 7 of stochastic process

{Xn,neT } be a discrete time set, that is to say,

T ={0,1,2,...}, the state space consisting of all possible

values of its corresponding X, is the discrete state set
S ={0,1,2,...} . If the conditional probability satisfies

P{Xn+l =i, | Xy =i, X, =1,... X, :in} .
for any integer

:P{Xn+l :in+1 |Xn :in}

€S, then {Xn,neT} is called

Markov chain. There are two important matrices in
Markov chains. One is the state probability matrix W,
which represents the set of probabilities that may occur
in each state under certain circumstances. The other is
the state transition matrix P, which is composed of
state transition probability. The intuitive meaning of

the conditional probability p{X,, =/|X, =i} is the

neT and iy,i,..

° ln+]

probability that the system is in state j at time n+1
under the condition that the system is in state i at time
n, which is recorded as p;(n). This conditional
probability is the one-step transition probability of

Markov chain {X,,neT} at time n, referred to as

transition probability.

When HAPS mobile channel is described by
Markov chain, finite states are used to quantize the
channel parameters instead of infinite states. Therefore,
Markov model is also called Finite State Markov
Channel (FSMC). With the FSMC model describing,
the signal amplitude 7() is first normalized to eliminate
path loss for the direct component and sampled, and
then quantified into K (K>2) states r,, These discrete
states can be considered as the state of the Markov
chain. Assuming that the quantization threshold is
{R,}, where k=1,2,...K, Ri=0 dB and R¢=-. At each
sampling point, the channel state is S,=S; when
7, e[Rk,Rk+l) . Consequently, the channel can be

represented as a Markov chain {S,} of K state, and its

state probability pin) and the transition probability
pi(n, s) of n-s step are respectively:

{pi(n)zPr(Sn =i)
Dy (n.s)=Pr(S, =j/S,=i)

When establishing the FSMC model for HAPS
mobile channel, the following assumptions are
generally made: (1) The signal come through the slow
fading channel, namely, the amplitude of the received
signal remains unchanged within a sampling period of

T, (2) The established Markov chain {Sn} is a

stationary chain, that is, the probability value p;(n,
s)=p;(n-s) of state transition in Markov chain is only
related to the time difference n-s, and the probability
distribution p(n)= p; of all States is independent of the
sampling time »n7T; (3) The amplitude of the signal
between adjacent sampling points is continuous, that is,
when the condition V|i—j[>1 and |n—s|=1 are

i,je{0,1,..K-1} (1)

satisfied, the state transition probability of the channel
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satisfies equation p;(n, s)=0. Based on the above
assumptions, for the FSMC model, the state probability
matrix W and one-step transition probability matrix P
of its Markov chain can be used to describe the state
change of HAPS mobile channel.

In the FSMC model, the probability that the
quantized channel is in the state k is:

pe=p(s)=Pr(R <r<R )= ["f(r)dr @

There are two methods to determine the one-step
transition probability matrix. One is based on the
conditional probability of each state interval, which is
the most direct method to obtain the transition
probability matrix of the Markov chain from the basic
definition of the transition probability. The other way
to determine one-step transition probability matrix is
based on the level crossing rate of HAPS mobile
channel, where the transition probability between
different states can be expressed as:

k=1,2..,K—1
k=2.3,..K A3)
k=2,3...K-1

P = Nk+1T/pk
Prja = NkT/pk
Prx = 1=ppa— Prkn

Where N, is the level crossing rate at R 415 Ny is
the level crossing rate at Ry; py is the probability of the
k th state.

2.2 Impulse Response Model of Broadband
HAPS Mobile Channel

One of the most commonly used probabilistic
statistical models for describing frequency-selective
fading channels is the generalized stationary
uncorrelated  scattering model. The so-called
generalized stationary means that the impulse response
of the channel is generalized stationary, and there is no
correlation between multipaths with different Doppler
frequencies. The so-called uncorrelated scattering
means that the multipath with different propagation
delays is uncorrelated. The impulse response function
contains inbeam-forming for analyzing the propagation
characteristics of wireless channels, which can be used
to compare the performance of different mobile
communication systems and to characterize the fading
characteristics of broadband channels. Generally, the
propagation characteristics of broadband HAPS mobile
multipath channel are modeled as a linear filter with
time-varying impulse response function, whose
filtering characteristics are determined by the
magnitude and delay of multipath.

h(t,t) is defined as the response of time-varying
frequency-selective HAPS mobile channel at time #-t
when impulse is applied at time #:

h(m)=ial(tﬂ)exp[je,(t,r)]c?(r—r,(r)) )

Where [ is the channel index, N is the number of

b

multipath components, and {a,(t,r)}N , {9, (t,r)}N

1=1 =1
and {r, (t)}il

components of the random channel, respectively (the
first path is usually the direct path and the reference
path, 7,=0).

In the given impulse response condition, if the
multipath is generated by different scattering sources.
These paths can be considered to be independent of

are the amplitude, phase, and delay

N . ..
each other, thus {al (Z’T)}I:I is a statistically

independent stochastic process. For random time-
varying wireless mobile channels, it is hard to require
the multidimensional probability density function of
channel impulse response. In practical applications, the
impulse response autocorrelation function or one of its
Fourier transforms is usually used to characterize the
broadband frequency selective HAPS mobile channel.
Based on impulse response, a series of characteristic
functions, such as the scattering function, the
frequency interval-time interval correlation function,
the power delay spectrum and the Doppler power
spectrum, can be obtained for frequency-selective
HAPS mobile channel. Under the assumption of
generalized stationary uncorrelated scattering, the
autocorrelation function @ (¢;5;71;72) of response A(¢,7)

is:
1 5
é, (tl,tz;rl,rz)zzE[h (tl;rl)h(tz;rz)}

=¢,(A17,,7,)=¢,(A17,)6(7, - 7,)

When Ar=0, @u(r)= @u(z0) is the power delay
spectrum of the channel, which describes the

relationship between the average received power of the
channel and the multipath delay :

¢, (7)=4¢, (T;O):%E[h*(r;t)h(r;t)] (6)

The time-varying transfer function H(f,f) of the
channel can be obtained by Fourier transform of /(z.f)
to

©))

H(ft)= [ h(z,t}e>""dr 0

If A(z,f) is a generalized stationary uncorrelated
scattering Gaussian random process, then H(f;f) is also
a WSSUS (Wide-Sense Stationary Uncorrelated
Scattering) Gaussian random process, so its
autocorrelation function for fand 7 is:

@, (Af, A1) = %E[H (Ft)H(f +Afst+A1)] (8)

The equation (9) is worked out by substituting
equations (5) and (7) into equation (8),

by (&A1) = [ g, (r: ) e ™ dr ©)

When Ar=0, the frequency interval correlation
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function ¢, (Af ) of the channel can be obtained as

follows
b (M) = (87:0)= [ (c)e e (o

Equation (10) illustrates that the frequency interval
correlation function ¢, (Af) is the Fourier transform

of the power delay spectrum @(r), which describes the
correlation of the channels with the frequency interval
Af . @n(r) and @, (Af) reflect the frequency fading
characteristics of the channel.

Another useful channel characteristic function is
derived from ¢, (Af,Ar): Doppler power spectrum. In

this case, the Fourier transform of ¢, (Af,Ar) to
variable Ar is defined by using the time interval
correlation function ¢, (Ar) of the channel:

S(AF. 1)) = f "4y (MANE PN (L)
When Af =0, the Doppler power spectrum S ( f d)

of the channel can be obtained by the above equation

(11):
S(f2)=[ ¢ (ar)e ™ dAt 12)

The relationship between signal strength and
Doppler frequency is given. Equation (12) shows that

the time interval correlation function ¢, (Ar) is the

inverse Fourier transform of the Doppler power
spectrumS( f d), and represents the correlation of the

channels with the time interval Ar. S( f,) and @, (Ar)

represent the time-varying characteristics of the
channel.

The scattering function S (T, f d) of channel can be

obtained by two-dimensional Fourier transform of
by (Af ,At) with respect to Af and Az :

S(z.12) = [[¢s (AF:A0)e P e P anans - (13)

The scattering function, also known as delay-
Doppler power spectrum, is a two-dimensional
function. As a function of time-domain variable (delay
7) and frequency-domain variable (Doppler frequency
fa), it expressly represents the time-domain and
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(a) Signal waveforms before superimposing channel
characteristics

frequency-domain dispersion properties of the channel.
The scattering function can also be used to describe
two kinds of extensions in multipath dispersive mobile
channels, namely, the delay spread induced by
multipath effect in time domain and Doppler spread
induced by Doppler effect in frequency domain. The

power delay spectrum ¢h(r) and Doppler power
spectrum S( fd) of the channel can be obtained by

calculating the marginal function of the scattering
function on Doppler frequency f; and time delay A7,
respectively, as shown in Figure 2.

#,(c)= [ S(z. 1 ), (14)
S(f)= [ S(z.f, ) a5)

3 Channel Simulation of Broadband HAPS
Communication System

In this paper, the L/S band broadband HAPS mobile
channel simulator is simulated by software simulation,
which is used to simulate the real-time channel
characteristics of user links between platforms and
mobile terminals in various scenarios in the ground
simulation of HAPS mobile communication system. In
the research, the parameters of the model in three
typical real channel environments (light shadows in
open areas, moderate shadows in rural areas and heavy
shadows in urban areas) are fitted by the least mean
square error criterion and linear least squares method
based on the measured data of channel characteristics
in high-grade highway (110 km/h) open environment,
sparse trees on both sides of the rural highway, tree
height of about 3-5m environment and urban area (25
km/h) environment.

Figure 1 exhibits the output waveform before and
after superimposing channel characteristics in open
terrain environment (light shadows). Figure 2 shows
the comparison of the statistical characteristics of the
signal amplitude with the theoretical model after the
input signals of the channel simulator are
superimposed on the channel characteristics of the
open terrain environment.

(b) Signal waveforms after superimposing channel
characteristics

Figure 1. Output waveforms before and after superimposing channel characteristics in open terrain environment



Channel Modeling and Characteristics for High Altitude Platform Stations Communication System 895

Theoretical

F— Measured H

41ad

'l 2 ¢y
40 60 g0 100 120 140 160
Amplitude (mv)

Figure 2. Probability density function (PDF) of signal
amplitude after superimposing channel characteristics
in open terrain environment

(a) Signal waveform before superimposing channel
characteristics

Figure 3 shows the output signal waveform before
and after the channel analog input signal is
superimposed on the channel characteristics of
suburban environment (medium shadows). Figure 4
demonstrates a comparison between the statistical
characteristics of the output signal amplitude and the
theoretical model after the channel analog input signal
is superimposed on the channel characteristics of
suburban environment.

50mv/
200ns/

(b) Signal waveform after superimposing channel
characteristics

Figure 3. Output waveforms before and after superimposing suburban environmental channel characteristics
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Figure 4. PDF of output signal amplitude after
superimposing the characteristics of suburban environment
channel
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(a) Signal waveform before superimposing channel
characteristics

Figure 5 shows the output signal waveform before
and after the channel analog input signal is
superimposed on  the environment channel
characteristics of urban area (heavy shadows). Figure 6
is a comparison between the statistical characteristics
of the output signal amplitude and the theoretical
model after the channel analog input signal is
superimposed on the urban environment channel
characteristics.

50 my/
200 ns/

(b) Signal waveform after superimposing channel
characteristics

Figure 5. Output signal waveforms before and after superimposing urban environmental channel characteristics
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Figure 6. PDF of the output signal amplitude after
superimposing the characteristics of urban environmental
channel

Figure 1, Figure 3 and Figure 5 show the received
signal sequence in urban environment, rural
environment and suburban environment respectively. It
can be seen that with the change of the channel
environment, the propagation delay of the signal is also
different, so the fading degree of the received signal is
also different. For the rural environment, the signal
fading is relatively flat, and large fading may occur,
but when large fading occurs, they almost happen in
the whole signal bandwidth. In suburban environment,
due to the shelter of buildings, the signal delay is also
increased, so the fading degree of the received signal is
also increased. For the bad urban environment, we can
see that the received signal has a serious fading. This is
because in the bad urban environment, the signal delay
is relatively large, so there is a serious crosstalk
between symbols, and the received signal also shows a
relatively large degree of fading.

Figure 2, Figure 4 and Figure 6 are probability
density function (PDF) distributions of statistical
characteristics of measured signals and theoretical
signals in urban, rural and suburban environments
respectively. The black line is the statistical
characteristic curve of the theoretical model and the
red line is the measured data. It can be seen from the
figure that the statistical characteristics of the
theoretical simulation model are very close to the
measured data. And with the increase of the amplitude
in each graph, the depth of fading is also deepened.

4 Conclusion

In this paper, when analyzing the angular spectrum
of multipath scattering distribution in the HAPS mobile
channel, it is necessary to consider both elevation and
azimuth spread at mobile terminals since the plane
wave assumption of terrestrial wireless mobile channel
is not valid. In addition, due to the large delay
difference, the large Doppler frequency shift and the
strong spatial correlation between different paths in the

HAPS mobile channel, the difficulty of channel
characteristic analysis will increase. In this paper, by
analyzing the time domain dispersion characteristics,
frequency domain dispersion characteristics and the
joint dispersion characteristics in space, time and
frequency domains of wideband HAPS mobile
channels, a broadband HAPS mobile channel model
based on tapped delay line in a wide area environment
is established. Finally, the HAPS mobile channel
characteristic system is constructed by software
simulation, which provides channel models and
parameters in different environments for the broadband
HAPS mobile communication system and its ground
simulation and verification system.

Acknowledgements

This paper is supported by the Guangdong Province
higher vocational colleges & schools Pearl River
scholar funded scheme (2016), the project of Shenzhen
Science and Technology Innovation Committee
(JCYJ20170817114522834, JCYJ20160608151239996),
the Research platform and project of Department of
Education of Guangdong Province (2019GGCZX009),
Key laboratory of Longgang District (LGKCZSYS
2018000028), the science and technology development
center of Ministry of Education of China (2017A15009)
and Engineering Applications of Artificial Intelligence
Technology Laboratory (PT201701).

References

[11 X. Wang, Deployment of High Altitude Platforms in
Heterogeneous Wireless Sensor Network Via MRF-MAP and
Potential Games, [EEE Wireless Communications and
Networking Conference, Shanghai, China, 2013, pp. 1446-
1451.

[2] A.Mohammed, A. Mehmood, F. Pavlidou, M. Mohorcic, The
Role of High-altitude Platforms (HAPs) in the Global
Wireless Connectivity, Proceedings of the IEEE, Vol. 99, No.
11, pp. 1939-1953, November, 2011.

[3] Z. Cao, X. Zhao, F. M. Soares, N. Tessema, A. M. J. Koonen,
38-GHz Millimeter Wave Beam Steered Fiber Wireless
Systems for 5G Indoor Coverage: Architectures, Devices, and
Links, IEEE Journal of Quantum Electronics, Vol. 53, No. 1,
pp. 1-9, February, 2017.

[4] M. Guan, L. Wang, L. Chen, Channel Allocation for Hot Spot
Areas in HAPS Communication Based on the Prediction of
Mobile User Characteristics, Intelligent Automation & Soft
Computing, Vol. 22, No. 4, pp. 613-620, April, 2016.

[5] E. L. Cid, M. P. Téboas, M. G. Sanchez, A. V. Alejos,
Microcellular Radio Channel Characterization at 60 GHz for
5G communications, [EEE Antennas
Propagation Letters, Vol. 16, pp. 1476-1479, 2017.

[6] M. Guan, L. Wang, Modelling the HAP Swing Impact on
HAPS Communication Performance of Wireless Link,

and  Wireless



(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Channel Modeling and Characteristics for High Altitude Platform Stations Communication System 897

International Journal of Sensor Networks, Vol. 17, No. 3, pp.
203-209, March, 2015.

S. Li, D. Grace, Y. Liu, J. Wei, D. Ma, Overlap Area Assisted
Call Admission Control Scheme for Communications System,
IEEE Transactions on Aerospace and Electronic Systems,
Vol. 47, No. 4, pp. 2911- 2920, October, 2011.

R. Cai, M. Yang, X. Zhang, M. Li, X. Liu, A Novel Multi-
beam Lens Antenna for High Altitude Platform Communications,
IEEE 75th Vehicular Technology Conference, Yokohama,
Japan, 2012, pp. 135-139.

M. Guan, L. Wang, Antenna Design and Cell Division for
HAPS Communication, Journal of Internet Technology, Vol.
17, No. 2, pp. 393-399, March, 2016.

Y. Wang, M. C. Erturk, J. Liu, I. Ra, R. Sankar, S. Morgera,
Throughput and Delay of Single-hop and Two-hop Aeronautical
Communication Networks, Journal of Communications and
Networks, Vol. 17, No. 1, pp. 58-66, February, 2015.

E. T. Michailidis, P. Theofilakos, A. G. Kanatas, Three-
Dimensional Modeling and Simulation of MIMO Mobile-to-
IEEE
Transactions on Vehicular Technology, Vol. 62, No. 5, pp.
2014-2030, June, 2013.
M. Guan, L. Wang,
Resource Allocation Algorithm for Wireless Communication

Mobile via Stratospheric Relay Fading Channels,

Minimum-Power Constraint-Based

Systems, Journal of Internet Technology, Vol. 18, No. 3, pp.
697-704, May, 2017.

M. Guan, Z. Wu, Y. Cui, X. Cao, L. Wang, J. Ye, B. Peng,
An Intelligent Wireless Channel Allocation in HAPS 5G
Communication System Based on Reinforcement Learning,
EURASIP  Journal on Wireless
Networking, Article number: 138, pp. 1-9, May, 2019.

A. Ibrahim, A. S. Alfa, Using Lagrangian Relaxation for
Radio Resource Allocation in High Altitude Platforms, /EEE
Transactions on Wireless Communications, Vol. 14, No. 10,
pp- 5823-5835, October, 2015.

M. Guan, L. Wang, Intelligent Recognition of Subcarrier for

Communications and

Wireless Link of Satellite Communication. Journal of
Internet Technology, Vol. 20, No. 6, pp. 1871-1877, November,
2019.

F. Dong, Y. He, X. Zhou, Q. Yao, L. Liu, Optimization and
Design of HAPs Broadband Communication Networks, The
Sth International Conference on Information Science and
Technology, Changsha, China, 2015, pp. 154-159.

M. Guan, L. Wang, X. Liu, Joint Rate and BER Scheduling
Resource Allocation for Wireless Communication Systems,
IEEE Access, Vol. 6, pp. 65697-65704, October, 2018.

Z. Yang, A. Mohammed, Wireless Communications from
High Altitude Platforms: Applications,
Development, The 12th IEEE International Conference on

Deployment and

Communication Technology, Nanjing, China, 2010, pp. 1476-
1479.

F. P. Fontan, A. Mayo, D. Marote, R. Prieto-Cerdeira, P.
Marino, F. Machado, N. Riera, Review of Generative Models
for the Narrowband Land Mobile Satellite Propagation
Channel, International Journal of Satellite Communications
and networking, Vol. 26, No. 4, pp. 291-316, July/August,

2008.

[20] A. Jahn, Propagation Considerations and Fading Countermeasures
for Mobile Multimedia Services, International Journal of
Satellite Communications, Vol. 19, No. 3, pp. 223-250, May/
June, 2001.

Biographies

Mingxiang Guan received the B.S.
degree in Electronic Engineering from
Harbin University of Science and
Technology, China, in 2002, and the
M.S. and Ph.D. in Information and
Communication  Engineering  from
Harbin Institute of Technology, China,
in 2004 2008, respectively. Now, he is a full-time
professor  with  the  School of Electronic
Communication Technology, Shenzhen Institute of
Information Technology. His main interests include
wireless communications, resource allocation, HAPS
based communications and networking, HAPS based
5G communications.

Zhou Wu received the M.S. and

Ph.D. in Information and

Communication Engineering from

Harbin Engineering University, in

2004 and 2008, respectively. Now,

\ he is a full-time teacher with the

: School of Sino-Germany, Shenzhen

Institute of Information Technology.

His main interests include artificial intelligence,
wireless communications and resource management.

Yingjie Cui received the B.E.
degree in Electronic and
Information Engineering from SZU,
China, in 2007 > and M.E. in Signal
1 and Information Processing from

- SZU, China, in 2010. Now, she is a
‘ . full-time lecturer with the School of
Electronic Communication Technology, Shenzhen
Institute of Information Technology. Her main interests
are in the areas of Signal Processing and network
communication research.

Mingchuan Yang received the B.S.,
M.S. and Ph.D. degree from Harbin
Institute of Technology, in 2001, 2004
! - and 2010, respectively. Now, he is a
I : . full-time associate professor with the
i School of Electronic and information,
Harbin Institute of Technology. His main interests
include wireless communications, satellite
communications and HAPS communications.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005b683964da300c9ad86a94002851fa8840002b89d27dda0029300d005d0020005b683964da300c8f3851fa0033003000300064002851fa88400029300d005d00204f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9.354330
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


