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Abstract

Purpose: The aim of this study is to investigate the influence of Rician fading on messages transmission via the
aeronautical satellite OFDM channel with adaptive modulation and the development of a method for estimating the
parameters of such a channel. Methods: To study the effect of Rician fading on messages transmission via aeronautical
satellite OFDM channel with adaptive modulation the original model of the communication channel “Aircraft-Satellite-
Ground Station” was built using software package MATLAB Simulink. The model includes “Aircraft Transmitter”,
“Uplink/Downlink Path”, “Satellite Transponder”, and “Ground Station Receiver”. Each modulator block in the
modulation bank performs convolutional coding and puncturing using code rates of %, %3, and %, data interleaving,
BPSK, QPSK, 16-QAM, and 64-QAM modulation. Results: Dependences of Estimated channel SNR on the ratio
between the power of the LOS component and the diffuse component, on the downlink gain and delay in the diffuse
component for different Doppler spectrum types and Doppler frequency offsets were obtained. A method for estimating
the parameters of the satellite channels with fading was proposed. Discussion: The realistic model of aeronautical
satellite OFDM link with Rician fading is developed for the first time on a basis of IEEE 802.11a standard and used for
channel parameters evaluation. Proposed in this article approach can be considered as a method for estimating
parameters of the channel with fading.

Keywords: adaptive modulation; convolutional coding; Doppler frequency offset; Doppler spectrum type; free
space loss; Rician fading; satellite communication OFDM channel; satellite transponder.

more versions of the transmitted signal which arrive

1. Introduction at the receiver at slightly different times [3].

It is expected that the number of satellite broadband
subscribers worldwide will grow to about 6 million
in 2020.

Fading due to multipath propagation may distort
and attenuate received signals on line-of-sight (LOS)
paths and thereby impair the performance of
aeronautical radio systems [1, 2]. Multipath fading is
the dominant propagation factor for digital radio-
relay systems operating at frequencies below about
10 GHz.

Satellite communication channels are random and
time-variant. The wireless multi-path channel causes
in the received signal arbitrary time dispersion,
attenuation, and phase shift, known as fading.
Fading is caused by interference between two or

In a mobile satellite link (mobile airborne station
to a satellite and a satellite to a ground station)
signal attenuation is mainly due to the free space
loss, shadowing and multipath propagation. A
channel model which outputs signal attenuation due
to clouds and precipitation as a function of time was
presented in a paper [4].

2. Analysis of the latest research and publications

A modeling method of the fade duration caused by
multipath propagation on a land mobile satellite
channel was proposed [5]. The model is based on the
measurement of a satellite channel and applied to
calculate the model parameters. The dependency of
the model parameters on the attenuation threshold

Copyright © 2016 National Aviation University
http://www.nau.edu.ua



8 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 2(67): 7-16

was obtained and the fade duration distribution for
any threshold was calculated.

The performance analysis of QAM and QPSK
modulation techniques when the system is subjected
to Additive White Gaussian Noise (AWGN) and
multipath Rayleigh fading were considered in a
paper [6]. The research has been performed by using
MATLAB for simulation and evaluation of Bit Error
Rate (BER) and Signal-To-Noise Ratio (SNR) for
W-CDMA system models.

A wireless communication MATLAB simulator was
used for investigation Gray coding, modulation,
different channel models (AWGN, flat fading and
frequency  selective fading channels), channel
estimation, adaptive equalization, and demodulation [7].

Comparison of Rayleigh Fading, Rician Fading
and AWGN Channel using Chaotic Communication
based on Multiple-Input Multiple-Output (MIMO) -
Orthogonal Frequency Division Multiplexing
(OFDM) System was provided [8].

A user interface was designed using MATAB [9]
for analysis the performance of OFDM system in
terms of SNR vs. BER variation. Rayleigh Fading
channel and Multipath fading channels were
considered as a communication channel with BPSK,
QPSK and QAM modulations.

Modern mobile satellite telecommunication
technologies combine the spatial diversity and
OFDM [10, 11].

OFDM technology is specifically designed to
deal with interference of multipath reception. In
OFDM technology serial data stream is converted to
a large number of parallel streams (sub-carriers),
each of which is transferred on a separate carrier
[12]. Due to the orthogonal demodulation method of
subcarriers the compensation of interference from
adjacent frequencies takes place, despite the fact that
their sidebands are overlapping [13].

Methods of predicting the effects of multipath
fading on the error performance of a radio system
are needed for link planning or for comparing
alternative designs [1].

Effects of the Rayleigh fading on OFDM
communication channel “Aircraft-Satellite-Ground
Station” with the adaptive modulation was studied in
our paper [14].

3. Research tasks

The aim of this study is to investigate the influence
of Rician fading on messages transmission via the
aeronautical satellite OFDM channel with adaptive
modulation and the development of a method for
estimating the parameters of such a channel.

4. “Aircraft-Satellite-Ground Station” Channel

For aeronautical satellite communication link the
original model was built using the IEEE 802.11a
standard [15] and the software package MATLAB
Simulink.

The model (Fig. 1) consists of the “Aircraft
Transmitter” (Variable-Rate Data Source, Modulator
Bank, OFDM Transmitter, Transmitter Dish
Antenna Gain), the “Uplink Path” (Free Space Path
Loss, Phase/Frequency Offset), the “Satellite
Transponder” (Receiver Dish Antenna Gain,
Complex Baseband Amplifier, Phase/Frequency
Offset, Transmitter Dish Antenna Gain), the
“Downlink Path” (Additive White Gaussian Noise
and multipath Rician fading), the “Ground Station
Receiver” (Receiver Dish Antenna Gain, Receiver
Noise Temperature, OFDM Receiver, Demodulator
Bank), the “Packet Error Rate Calculation block”,
the “SNR Estimation”, and the “Adaptive
Modulation Control”. The following operations are
performed in the ‘“Aircraft Transmitter”: the
generation of data with a certain bit rate that varies
during the simulation; coding, interleaving, and
modulation using one of the mentioned above eight
modulation schemes used in the standard; OFDM
signals transmission using 52 subcarriers, 4 pilot
sequences, 64-point fast Fourier transform and the
16-membered cyclic prefix; using four long training
sequence in the physical layer; a signal amplifying
by antenna gain amplifier.

Only a linear amplifier was considered in the
“Satellite Transponder” during this investigation.

In the “Ground Station Receiver” the Viterbi
decoder decodes the input symbols and uses the
unquantized type of decision-making. The receiver
performs the reverse operations performed in the
transmitter.

Packet Error Rate Calculation block shows the
packet error rate as a percentage and must always be
zero during investigations.

SNR Estimation block estimates the SNR based
on the error vector magnitude.

Adaptive Modulation Control takes into accounts
Low-SNR thresholds, Hysteresis factor, and Bit
rates. Adaptive modulation improves the rate of data
transmission. The implementation of adaptive
modulation is according to the channel information
that is present at the receiver. The type of
modulation is adapted according to the Estimated
SNR in a channel. Simultaneously a Bit rate is
specified and then data source generates binary data
according to the specified data rate in adaptive
modulation control.
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Fig. 1. Model of “Aircraft-Satellite-Ground Station” channel

The error rate calculation block calculates the bit
error rate, by comparing the received data with
transmitted data.

The SNR ratio thresholds (in dB) at which a
transition to another type of modulation takes place
are given as a vector [10 11 14 18 22 26 28]. For
values of the SNR ratio less than 10 dB the
modulation is used BPSKY, for values between
10 dB and 11 dB - BPSK34, between 11 dB and
14 dB - QPSK's, between 14 dB and 18 dB -
QPSK?%4, between 18 dB and 22 dB - 16QAMY,
between 22 dB and 26 dB - 16-QAM?%, between
26 dB and 28 dB - 64QAM?/5 and for values of the
SNR ratio greater than 28 dB - 64QAM?3. In
accordance with this the model has eight modes,
each of which is associated with a specific
modulation scheme and a convolutional code. The
latter are determined by estimated values of the
SNR ratio in the channel. Ideally, in the simulation a

mode with the highest throughput must be used,
which is maintained at a zero level of errors during
the transmission of data packets. Determining
appropriate mode involves repeating the simulation
for several times with the change of a threshold.

Created model supports data rates 6, 9, 12, 18,
24, 36, 48, and 54 Mb/s, uses adaptive modulation
and coding over a satellite communication channel
with free space path losses and Rician fading,
whereby the simulation varies the data rate
dynamically.

In the “Uplink Path” Free Space Path Loss block
simulates the loss of signal power due to the
distance between the aircraft uplink transmitter and
the satellite transponder receiver. The block reduces
the amplitude of the input signal by an amount that
is determined by the Loss (dB) parameter.
Phase/Frequency Offset block applies a frequency
and phase offset to the input signal.
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In the “Downlink Path” Multipath Rician Fading
Channel block implements a baseband simulation of
mobile  wireless communication when the
transmitted signal can travel to the receiver along a
dominant LOS or direct path and is described by the
Rician distribution [3]:

p(r) = (r/6*)expl-(+4%)/26°|1(Ar/5”)
for (4 >0, »>0) and 0 for (r < 0),

where A4 is the amplitude of the dominant
component, ¢ is the average power or dispersion of
signal fluctuations and /y(.) is the modified Bessel
function of the first kind and zero-order. The
parameter K in Rician distribution is the ratio
between the power of the LOS component and the
diffuse component. If K-factor is a vector of the
same size as Discrete path delay vector, then each
discrete path is a Rician fading process with a
K-factor given by the corresponding element of the
vector.

Relative motion between the “Satellite
Transponder” and “Ground Station Receiver” causes

Doppler shifts in the signal frequency. The
following types of Doppler spectrum were
considered.

5. Aeronautical Satellite Channel Simulation

To simulate a channel operation the following
parameters were chosen for the model: the value of
signal phase-frequency shifts in the uplink and
satellite transponder is equal to zero; the gain of a
linear amplifier in satellite transponder was taken 10
dB; Viterbi traceback depth is 34, hysteresis factor
for adaptive modulation is 3 dB, the number of
OFDM symbols in the training sequence is 4, the
number of OFDM symbols per transmit block are
20. The values of antenna gains were taken Gujrcrat =
12,4; Ggeniee = 31,1; Ggroma = 62,1 (at the signal
frequency of 4 GHz that corresponds to antenna
diameters daircrat = 0,4 m; dsaetiie = 1,0 m, dground =
2,0 m). A noise temperature of the satellite
transponder transmitter amplifier and ground station
receiver is taken to be 290 K.

For SNR values marked by the arrow the
modulation type is changed and the data rate
increases: BPSK'2 (6 Mb/s), QPSK'2 (12Mb/s),
QPSK? (18 Mb/s), 16QAMY2 (24 Mb/s), 16QAMY4
(36 Mb/s), 64QAM?/; (48 Mb/s) and 64QAM% (54
Mb/s). The data show how big should be the SNR

and what type of a modulation to be used for data
transfer without errors for given uplink/downlink
characteristics and a noise temperature.

Fading causes the signal to become diffuse. The
K-factor parameter, which is part of the statistical
description of the Rician distribution, represents the
ratio between the power in the LOS component and
the power in the diffuse component. The ratio is
expressed linearly, not in decibels. The K-factor
parameters control the gain’s partition into LOS and
diffuse components.

If the K-factor parameter is a vector then each
discrete path is a Rician fading process with a
K-factor given by the corresponding element of the
vector. It is possible to attribute the LOS component
a Doppler shift, through the Doppler shifts of LOS
components parameter, and an initial phase, through
the Initial phases of LOS components. The Doppler
shifts and initial phases of LOS components
parameters are of the same size as the K-factor
parameter.

Relative motion between the transmitter and
receiver causes Doppler shifts in the signal
frequency. Data on Fig. 2-4 are given for maximum
Doppler frequency 1 Hz (that means no relative
motion) and on Fig. 5 — for 1000 Hz.

On Fig. 2 dependencies of Estimated SNR in
channel on SNRawgn 1n a downlink are shown for
different proportions between a power in the LOS
component and a power in the diffuse component:
K =11 0], [0.75 0.25] and [0.5 0.5]. From data on
Fig. 2 (for a free space path loss in Uplink 90 dB)
follows that these dependencies coincide. For the
lower free space path loss in Uplink (80 dB) this
dependence shifts upward, and for the higher one
(100 dB) shifts downward. At the same time a data
transmission with a certain modulation for a bigger
free space path loss in Uplink will be possible for
bigger SNRawgn in a downlink. For example, for a
free space path loss in Uplink 80 dB - QPSK':
modulation is observed for SNRjiwgy = 3 dB,
for a free space path loss in Uplink 90 dB — for
SNRawan = 11 dB, and for a free space path loss in
Uplink 100 dB - for SNRawgy = 21 dB. Data on
Fig. 2 are given for Flat and Gaussian Doppler
spectrum types. For other types of Doppler spectra
the mentioned dependencies are similar.

On Fig. 3 a dependence of Estimated SNR in
channel on a Gain in the diffuse component is given
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for a certain value of a free space path loss in Uplink
(90 dB) and K = [0.5 0.5]. Estimated SNR does not
depend on a Gain in the diffuse component and varies
with SNRawgn: for SNRawgy = 10 dB the modulation
QPSKY is observed, for SNRywgny = 20 dB — the
modulation 16QAMY2, and for SNRywgy = 30 dB —
the modulation 64QAM?34. The Doppler spectrum
type has practically no effect on the considered
dependence.

Because a multipath channel reflects signals at
multiple places, a transmitted signal travels to the
receiver along several paths, each of which may
have differing lengths and associated time delays.
The Discrete path delay vector specifies the time
delay for each path.

On Fig. 4 a dependence of Estimated SNR in
channel on the Delay in a diffuse component is
given for a certain value of a free space path loss in
Uplink (90 dB), K = [0.5 0.5], SNRawgn = 20 dB
and different types of Doppler spectrum. For small
Delay times (t = 10" - 107 s) received data
practically coincide for all types of Doppler
spectrum being described by almost the same values
of Estimated SNR and a modulation type —
16QAMY:. Increasing of the Delay value in diffuse
component (t = 107 - 107 s) leads to a dramatic
reduction of Estimated SNR (from = 20-21 dB up to
~ 2-5 dB), the emergence of differences between the
spectra and the transition to a modulation BPSK'2
already at the Delay time 10°s.
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Fig. 2. Dependence of Estimated SNR on SNR in AWGN Downlink for different K and
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The strongest decrease of Estimated SNR for 10
> s experiences Rounded Doppler spectrum and then
in order of Estimated SNR increasing the following
Doppler spectra are arranged: Bell, Bi-Gauss, Jakes,
Gaussian, Asymmetrical Jakes and Restricted Jakes.

Fig. 5 shows the nature of Estimated SNR and
Bit rate changes over time in the presence of the
Rician Fading in channel for different types of
Doppler spectra.

6. Conclusions

The realistic model of aeronautical satellite OFDM
link with Rician fading is developed for the first
time on a basis of IEEE 802.11a standard and used
for channel parameters evaluation. Proposed in this
article approach can be considered as a method for
estimating parameters of the channel with fading.
On the basis of data received under given conditions
(a number of OFDM symbols, a noise temperature,
gains of antenna dishes and the satellite transponder
amplifier type) link parameters can be estimated: the
level of free space loss, proportions between a power
in the LOS component and in the diffusive
component for which the satellite communication
channel is "open"; the type of a modulation and data
transfer rate, which are possible under the given
conditions. The impact of a gain and a delay time in
diffuse component on SNR and Bit rate can be
predicted for different Doppler spectrum types.
Dependences of Estimated SNR and Bit rate on time
for different Doppler spectrum types and Doppler
frequency shifts can be obtained.

The developed model allows predicting the
operation of the channel with Rician fading and can
be helpful for designing of communication systems.
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Meta: MeTol0 1IbOTO JOCIIIKEHHS! € BUBUEHHS BIUIMBY PaiCiBCHKOrO 3aBMHpaHHS Ha Iepeady HOBiJIOMIICHb Yepes3
aBianiiianii cynmytHukoBuiit OFDM kaHan 3 afanTHBHOIO MOIYJIALIE0 1 po3poOKa METOAY OLIHKU ITapaMeTpiB TaKoro
kaHanmy. MeTtonu mociaimkennsi: BrmB paiiciBcbkoro 3aBMHpaHHS Ha IepeAady IOBIOMIIEHb 4epe3 aBiauiiHun
cyrmytHuKOoBHH OFDM kaHanm 3 aganTHBHOIO MOZIYJISAIIEI0 BHBYEHO 3a JOIIOMOTOI0 Mojemi KaHary 3B'sa3ky "Jlitak -
Cynytauk - Hasemna cranmig", moOynoBaHOi 3 BUKOpUCTaHHSAM mporpamuoro nmakery MATLAB Simulink. Moznens
Biutoyae B cebe "[lepenasau mitaka", "Kanamm Bropy/Bams", "CynytHukoBuit Tpancnouaep" i "IlpuitmMad HazeMHOI
cranuii". Koxen 010k MoxynsTopa B 0aHKY MOAYJIAIIi BUKOHYE 3rOpPTajbHE KOAYBAaHHS 3 BHKOPHCTAHHSIM KOJIOBHX
wBHAKoCTeH Y5, %/3, %, 1 BPSK, QPSK, 16-QAM i 64-QAM wmoaynsuii. Pesyabrarn: Otpumano 3anexsnocti SNR
KaHaJIy BiJ CIIBBITHOIICHHS MK IMOTY)KHICTIO KaHAJy MPsAMOi BUAMMOCTI W audy3HOro KaHaly, Bii MOCHICHHS B
kaHail «BHu3» 1 3aTpuMKH B Any3HOMY KaHaJl JUls Pi3HUX THIIB JOIUIEPIBCHKOTO CIIEKTPa 1 JOIUIEPIBCHKUX 3CYBIB
4acTOTH. 3alPONIOHOBAHO METO/] OL[IHKK NapaMeTpiB CYIyTHUKOBHX KaHaIIiB i3 3aBMupaHHsIM. Odropopenns: Brepie
PO3p0o0JICHO peallicTHUHY MOJEb aBiamiiHoro cymyTHukoBoro OFDM kanany 3B's3Ky 3 paliCiBCbKUMU 3aBMUPAHHSIMHU
Ha ocHOBi ctanmapty IEEE 802.11a, sky BHKOpHCTaHO JuIsi OLHKHM IapaMeTpiB KaHaily. 3alpOIIOHOBAHWH B JaHIN
CTATTI MiIX1JT MOXHA PO3TIIAATH SIK METOJT OLIHKH ITapaMeTpPiB KaHATY 3 3aBMHUPAHHSIM.
Kio4oBi cioBa: ajanTuBHa MOIYJIALIS; BTpaTH y BUIBHOMY IPOCTOpI; JOIUIEPIBCBKIM 3CYyB YacTOTH; 3ropTajibHE
KOJyBaHHS;, pPaiCiBChbKi 3aBMUpPAHHS; CYIYTHHKOBHH 3B’S30K; CYIMYTHHKOBHH TPaHCIIOHIEP; THIl IOIUIEPIBCHKOTO
cnektpa; OFDM xanai.

B.II. Xapqemco', A.M. I‘pexonz, WM. Ann’, 10.10. Yiox'. Bumsinme 3amupanuii Paiica na paborty

aBHALMOHHOTO cnyTHMKOBOro OFDM kanasa cBsizu

HanuonansHelii aBUaliuOHHBIA yHUBEpcHUTeT, npocit. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mails: 'kharch@nau.edu.ua; “grekhovam@gmail.com; *shabandar33@gmail.com; *udodyulia@ukr.net
Hensb: Llenpio JaHHOTO HCCIIENOBAHUS SBISACTCS U3yUCHNE BIMSAHUS PaliCOBCKOTO 3aMHUpaHMs Ha Mepeaady COOOmeHuH
yepe3 aBHAIMOHHBIN cIyTHUKOBBIH OFDM kaHanm ¢ amanTWBHOM Monyisimuel W pa3paboTKa MeTola OIICHKU
rapamMeTpoB Takoro kaHaiaa. MeToabl HcciieoBaHusi: BiusHue paiicOBCKOro 3amMupaHus Ha mepeiady CcOOOIIeHHH
yepe3 aBUAIMOHHBIN cmyTHUKOBBIM OFDM kaHan ¢ aganTHBHOM MOmymsuueil U3y4eHO ¢ MOMOIIBIO MOJETH KaHajia
cBsa3u "Camonér — CnyTHHK - HazemHas craHuus", mocTpOeHHO ¢ Hcnoab3oBaHueM nporpammuoro nakera MATLAB
Simulink. Mozens Brimtouaet B cebs "Ilepenarunk camonéra, "Kananst Beepx/Buuz", "CriyTHUKOBBIN TpaHCIIOHAEP" U
"IMpuémuuk HazemHoOW craHiuu". Kaxuelii Omok Moxmynstopa B OaHKE MOJIYJISALUHM BBIIOJNHSET CBEPTOYHOE
KOJHMPOBAaHUE C HCIIOJIB30BAHUEM KOJOBBIX cKopocTel Y2, %/3, ¥, m BPSK, QPSK, 16-QAM u 64-QAM momyIsum.
PesyabTatel: [lonydenst 3aBucumoct SNR KaHajga OT COOTHOILIEHHUSI MEXK1y MOILHOCTBIO KaHala MPsSIMON BUAMMOCTH
u muddy3HOro kKaHama, OT yCHWICHHS B KaHale «BHU3» m 3amepxkku B mud¢dy3HOM KaHale IS pa3IMYHBIX THIIOB
JIOTJIEPOBCKOIO CHEKTPAa U JOIUIEPOBCKUX CIABUIOB YacTOThI. lIpe/uiokeH METOJl OLEHKH MapaMeTpPOB CIIyTHHKOBBIX
KaHaoB ¢ 3amupanueM. Oocy:kaeHue: Briepsrie pa3paboTana pealncTHYHAsS MOJENb aBHAIIIOHHOTO CITyTHHKOBOTO
OFDM kanana cBsi3u ¢ pailcoBckuM 3amupanueM Ha ocHoBe ctanmapta IEEE 802.11a u ucnonbs3oBaHa I OLEHKH
napameTpoB KaHana. [IpeanaraeMblil B JaHHOHM CcTaThe MOAXOJA MOKHO PacCMATPUBaTh KaK METOJ OLICHKHU I1apaMeTpOB
KaHaJla C 3aMUPAHUEM.
KaioueBble cioBa: ajanTuBHas MOIYJISLMS; JOIUIEPOBCKUN CIIBUT YaCTOTBHI; MOTEPU B CBOOOIHOM IPOCTPAHCTBE;
paiicoBCcKkOoe 3aMupaHHe; CBEPTOYHOE KOJHUPOBAHME;, CIIYTHUKOBAas CBSI3b, CIYTHUKOBBI TPAaHCIOHAEP; THII
Jomneposckoro crnekrpa; OFDM kanan.
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