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ABSTRACT

This thesis presents the performance of MPSK modulation in joint scintillation and
multipath fading system. The performance in terms of bit error rate is analyzed due to ionospheric
irregularities, called Scintillation fading and flat multipath fading channels. When Scintillation
index increases, the system degrades. To increase performance of the system, error correction
techniques can be applied to the system. We focus as Convolutional code and Viterbi decoder. In
addition, we study the performance of joint scintillation and frequency selective multipath fading

channels.
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By>B, uwne T, <T,. (2.12)

A g
2.3.2 Mstaouaailiwaos

4 4 a 4 o @ o 4 P
MIaouABYIWADT (Doppler shift) nannmsiguasaimasudyaainsnieus

3 ar

g/ g [V & & = o Ao YA :i:: = -
A0 anuaalussdumilsdsiinain v dyanadisu1danudandon s nanydes

&

@ P Y o = a4 & da ¢ o A 1w
agaundseanvnausuia Tasanuaiaeuly vieastmassos J; wuaunny

fi=f,cos6 (2.13)
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2.3.3 MInszevesnauIIUIsESuas lsSen (Rayleigh and Rician Distribution)

Tuszuu Insdwiindoudiy ﬁ'ﬂymwmﬂﬁ"uﬁﬁ'ﬂﬁwﬂuﬂauTﬂﬁaﬂﬂﬁuﬁfﬂﬁ'
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¥
Density Function: PDF) @4l
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P(x)= = ' (2.15)
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[ e 1
daudsznovvesdygmlunurszaumonnsu ldtuansasfurvnnaunisy

wlsAumuna
m(t)=m, (t)+m, (t)=pe"’(2”f”l+9”) (2.16)

4 =) A o 1 ar
e p fouowwdyn, £, Aoanudaoimass waz 6, Aelaludiuvesdagaly

wuIsEANMIBA nszuumMsiuy ladou ¢ (¢) sz 18nnaums
& (1)=[p(r)+m(?) 2.17)

£ a ot 1 o @
Futumsswiuvesdayanuludimveusdd uay ¢ (1)=|u(e)+m(e)| Tumuaszdy
o o o 1 1
memdAeiuiues msnszonouuy lsFeummsomiledsuanumuninyesn ey

Wlulddsaunis

_x__e(_%)] m I>O
P(x)=1{ o2 °\ o2 = (2.18)
0 ;i<0

Tagi 1, (o) Aoflsndruwmvanvudaulassiian 1 Sudufi o (0" order modified Bessel
Vv Vv v
function of the first kind) Tunszvaumsuuy Isdvwiy vesassitnisnadeilsiSouus
r=9Y é ar L L 0 Qr Q) 4 o
1193 (Rician Factor) Tnol9m1515in0% K gemlanndadiusenhamdaedyanaiiald

apmAuLYsUsmvesauTaAN AN [18]

2

K(dB)=10log 2” (2.19)

2
Oy

~ 1 4 v o = o ' J
VNAUMTN 2.19 znuIuilen p audlad o Aezilde k Taudhlng —o oz

[~1 T qay =) a w o't "
wiunlunsdiimsnsznouuyls@oussiidnyazmiounsnssnonunsds uasd & fa

< a4 o Y =
1109 gluuvvesmsnszeizlndifvsiumsnsznouuumd dauaalugdi 2.7
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2.4 UUVII00WATNINIGIU COST207
' [
Tuduvesmsiaesresdyananamonaodumanu founslasmuanuiniy
b ]
Tumiddviidenldnudnumsvesdosdyaiiimssmuasgluinasgiu cosT 207 Tuna

¥ 1
cosT 207 siuiuuuuiraesiiimair ludszgndFamuiuedianieuns Taslddmiums

o

haosszuudemsindoni aseunqumslFauiennud 2 Gez Taslunuuinesiiszyls

=

a o o 1 @ 1 @ {
WuIzyennIHansUduBIBNNadvestesdyanalugvewnquandnyuzvosnotinassn

e

- = 3 =
nasuwlasmnudmdnainsey

uvuiaesiifimstmunsguasgu CosT207 Fdaufu 4 ¥ila 8] Tnedmuany
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1) anwgidsemeuuuiio (Typical Urban : TU)

2) amUUTEmMALLUYNEN (Rural areas : RA)

3) anmgivsemanuiiosiifinnuiesa (Bad urban : BU)

4) anmgiilszmaniidnuazidugn (Hilly terrain : HT)

M3190 2.1 udnvazfmduazdidsemluanmgiiszmmundiosiiszylu costaor

Typical Urban (TU)
delay(us) | Fractional Power | Doppler Category
0.0 0.092 CLASS
0.1 0.115 CLASS
0.3 0.231 CLASS
0.5 0.127 CLASS
0.8 0.115 GAUS1
1.1 0.074 GAUSI
1.3 0.046 GAUSI1
1.7 0.074 GAUSI1
2.3 0.051 GAUS2
3.1 0.032 GAUS2
3.2 0.018 GAUS2
5.0 0.025 GAUS2

74884
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M3197 2.2 ﬂmﬁnvmzﬁmt‘fsmzﬁﬁmuiuﬁquﬁﬂszmmmmjaHq;’hﬁszu'lu COST207

Typical rural area (RA)
delay(us) | Fractional Power | Doppler Category
0.0 0.602 RICE
0.1 0.241 CLASS
0.2 0.096 CLASS
0.3 0.036 CLASS
0.4 0.018 CLASS
0.5 0.006 CLASS

:; u ~ o o @ a =y c;d @ c;.
M519N 2.3 ‘maﬂymzmammzmmam‘luﬂmwguﬂizmmmmummmmuaaﬂmzu‘lu

COST207
— Bad Urban (BU)
delay(us) | Fractional Power | Doppler Category
0.0 0.033 CLASS
0.1 0.089 CLASS
0.3 0.141 CLASS
0.7 0.194 GAUSI
1.6 0.114 GAUSI1
2.2 0.052 GAUS2
3.1 0.035 GAUS2
5.0 0.14 GAUS2
6.0 0.136 GAUS2
7.2 0.041 GAUS2
8.1 0.019 GAUS2
10.0 0.006 GAUS2

1 ¥ ] ]
M3 2.4 amﬁ'ﬂymzﬁmﬁzmsﬁﬁwu“lufmmguﬂszmﬁﬁuﬁnmugmﬁszu‘lu COST207

Typical hilly terrian (HT)
delay(us) | Fractional Power | Doppler Cate gory
0.0 0.026 CLASS
0.1 0.042 CLASS
0.2 0.066 CLASS
0.3 0.105 CLASS
0.4 0.263 GAUSI
0.5 0.263 GAUS]I
0.0 0.105 GAUSI
0.1 0.042 GAUS2
0.2 0.034 GAUS2
0.3 0.026 GAUS2
0.4 0.016 GAUS2
0.5 0.011 GAUS2
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¥
nAMsANIznuhilnetiwassailnn sy (Doppler spectrum) S (f) Mavua 4

¥ila NimuasyluTuna cosT207 Tauisunamsimuald

G(f)=A-exp M (2.20)

24
3 = a o Ad o ' ) Y o a
1). CLASS Wniinodmaeiminaiuniianymzglsiamnionves sake uazlddmsn

Wumaniiaad liiu 500 w1 Tudui (7, £0.5us)

I~ fee)

ar s - J y o o
2). GAUSI ﬁ‘]umasawmﬂeﬁ‘mm']’c’fz Waﬁ’m Iﬂﬂﬂ'l'ﬂ‘uﬂﬂlulﬁﬂi%ﬁ’lﬁ‘imﬁ’uﬂﬂ

s L

niiaindogluyae 500 urTuiunit f 2 lulas3unit soons <z <2us)
S ())=G(4,-08£,,0.051,)+G(4,047,,0.11,) (2.22)
Tao?l 4, Aleriiesndt 4 ey 10 dB

ar o d o o é’ ¥ o Y
3). GAUS2 Wuwasmvesilansrumd 2 Hafauy Taofmuavuie l¥dmiudunms

fifidndeglugaannnd 2 lulnsui (. 2 2us)
S (f) =G(B,0.7fm,0.1fm)+G(B,,—O.4fm,0.15fm) (2.23)

lagii B, Aesiieundn B o 10 dB

a

4). RICE unasmvesnsiimassminasuiifdnumeguiamilouyos ake fu

t4 3
=] a Y

é = o ] { Qr o o
nitadumadumalusianiense anlpasuiiozle MTUTUNINTU VBIVUTIa09RTMS

¥ ]
unsnsznelugnmiuiuuLanedn

Se(f)= el =+0.915(f -0.7£,,,) (2.24)
27 fa A1~ (f ! fime)
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v ¥
A Ao masimsuesuvalad sniusidumiiu [Se(Ndf =1

lugulil 2.8 uanshifsdnuuzvosnetimanimunndu 1 4 wiia fifinstmunegly

COST207 MUANNITN 2.21-2.24

i : T A
{1 "JAKES" | | "GAUS1"
= [ e |||
o)) ‘\ ,‘" | S | ! i
wm | 3 /_." mm " ; ‘,
|
\“m__‘ // T i | Ll
J’ LJJ i\‘ N ]
-fmax 0 fmax  -fmax 0 fmax
N R
“GAUS2" I "RICE" g
2 [ S l I
w ,‘I I‘i w H‘ '.‘"
{ \ ‘-,‘\ /J :
[ [ Lt |
—— --"/)—- o Srou - W”I’: \1 2 S L ‘ l
-fmax 0 fmax  -fmax 0 fmax

3UN 2.8 aedmanialnasuvewunsianivos Tyanamundimualu cosT207
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] L) v
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3 PRy ' 1 o = q’j
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WM (Refractive Index), NIAANDU (Absorption), N3NTLITA (Scatter) VOIAE GRIRRLITEY

¥ ¥ ¥ [
11199910 i, /i, A wagdun TagHansEnuMNFUUs T Ins Inailed Suiinadonis
) ! da 4 ' : & ! a4
uWsnsEwAaUNTAMLAZINIMOVANNA C (4-6 GHz) T4l daunansznufiEatossn
u,: = d n’: =1 ] ] 4 i Ao ]
Funssomelole Tuailoiiiussinademsunsnszaenauiianuadint o (30 MHz -3

£ o Y o a v 1 ° Y o =2 o L
GHz) 99 Indaya10ufinn15m1i2919m1 (Time Delay) i dyanauntaeiifudygud

] a 4 a o & °
ﬂ’ﬂﬂ15lﬂu1’nﬁmﬂQﬂﬁuiuigﬂgﬁﬁq, ﬂ1'§lﬂﬂﬂ’]5ﬁ§ullﬂuw']571ﬂﬂ (Faraday Rotation) 992N



21

v o Y] n’: = = Ju = ni
Ty Inan lsdvosdyananiufensmyu lnnyudy uazuennniidafansnasuinlas

s ar

= o 1 o L3 5 - o & 3 = '
HBUNAIAVOIT Y IUDUNNNTENUAU (Scintillation) "]N‘ﬂx‘lfﬂﬁlﬁ’i$ﬂ‘UfT€UﬂJ'Imlﬂﬂﬂ'lﬁllﬂ'N
¥

g o

3 { ) LY o
Juq 899 96195290529 n52AUUNR Tﬂuwaﬂszwuﬁmmmcﬂuﬂmmuuuummammnms
@ Al 1 o ad u’: ar b 3 (Y 3
nizndaf iaihiauevesdidnaseuluduussemaleTo TuailosFsiuegsuanmusady
1 b £ v
ussomalo Tuailus fudazsyduanuge Fuvssomale o Tuailosiiuegiiszaunnuga

14
14999 50 — 400 ATawns), Fuma, 99 wazna Tassunamdulusuussomalele Tua

"
S 1 o

=Y 0’3 r— ar a ) 4 ] a = o ]
WoiiuezlisngegalndiuuSnadugudgasuiminTan wagvziimmgaluuSnuduma

s

] 14
azfganas laonduianduiuduuuiaemeadfmudosuduananmelsisoune

o o

o'y
1568
o a L] @ e W A 3 s o a
manfdsulaweunigaedanssiuiusuidosnnduussenialo o Tuailesian
vnmsiidygradunsimnguany laduauesuiiosnnaiuilsdsiuveaSue

a o 3 = 7 o 9 a ' ' - n’:
snasoulusuussomale Te Tumilos mlddygrafmunguany liaiuayevessy

a =® A

¥ r ]
vssnmiAligninm nszAs aaneunazdind Wedyaandefinieeduanrasfisme

g a
]

Tidygraiividifansiafundonndreiu dlddyaaisn18fniosfmians

c-!r. J o 1 o
uJaﬂuuﬂaqwawmuauwngﬂamqs’mm [9]

Signal Level(dBm)
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= ar

uazldnnugndeunniiga fuil s Jiudwiiduiusfunaiidmua Tasasnfideswessh
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ar

nUWInA mtﬂumuamaa"lam (Normalize) ﬂ'HnuﬂﬁTJTZIH‘UfNﬂ'J'ﬂJL‘UﬂJﬁiUfU‘]m

U v

= (2.25)
(4)
Tavil 4 Aovinaueundyaveadayan
oA a ' 4 Ao
() fAerundevesmsiiinesTugrsamilsiidmua
nIommsomImdyil S, 18en
g
S,=—= (2.26)
mx
l N
m=x=—>» x (2.27)
X N; i
1 & -
o,=5= [—> (x,—-%) (2.28)
s

lavh o, fio AudloanssnIgIu(Standard Deviation)
m, Ao Aunduvesdoya(Mean Value)
& 3
x fiv doya
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mafaummmaniines ludsil S, mwsodnnaldlasimsmasdyananng
#3901 1aq Admun Tasdn@ld 1 uail drdwil S, sy 0.5 Wudutesznaemsifa
wasumlaauennigaotlangiuiuet198ou (Weak Scintillation) 1ag0H193UIT (Strong

O i & & @ A 1 9
Scintillation) 9UNATIAAYY S, 819U 1 1A
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Outage Probability of Flat multipath fading channel
0T Z2 . s e i — :

~-=+-~- K =0dB (Simulation result)
—+— K =0dB (Numerical result)
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—4+— K = 10 dB (Numerical result)
===+-= K = 15 dB (Simulation result)
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==a== K = 20 dB (Simulation result)
0.3l —«— K = 20 dB (Numerical result)
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Outage Probability of Combined channels
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ABSTRACT

This paper presents the performance of MPSK
modulation on joint scintillation and Rician multipath
fading channel. Semtillation arises from tonospheric
irregularities, called scintillation fading. As scintillation
index increases, the performance of MPSK modulation in
terms of bit error rate degrades. As constellation size
increases, similar results are obtained. In addition, the
performance of MPSK in combined fading channel is
poorer than the that in a single fading channel.

1. INTRODUCTION

Satellite mobile conmunication in UHF band and
lower frequency bands has been recently planned [1]. In
the system, the scintillation effect as well as multipath
fading need to be considered and accounted for during the
design stage.

Fading caused by the propagation of radio signal
through the ionosphere is of interest to both tonospheric
physicists and communications engineers. Scintillation is
an effect caused by unequal electrical charge distribution
in the ionosphere layer. The phenomenon is common for
UHF band and lower bands and is specifically severe in
tropical and polar region [1]. It is statistically modeled as
Rician or Rayleigh signal fading with finite signal
decorrelation time and limited coherent bandwidth of the
transmission channel [2] [3]. The methods to generate
scintillation coefficients have recently been proposed [4].

The performance of QPSK on combined scintillation
and fading channel have recently been studied and
compared to theoretical results [5].

In this paper, we aim to simulate the satellite mobile
communication system using MPSK modulation schieme.
The combined channel of scintillation and flat multipath
fading is generated together with additive white Gaussian
noise. The performance in terms of bit error rate versus
signal-to-noise (SNR) ratio is then illustrated.

The paper is organized as follows. In Section 2, the
system model and basic definitions are reviewed. Section
3 deseribes the statistical characterization of scintillation
coefficients and the generation scintillation channel
model. In Section 4, simulation results for different for
scintillation channel and joint scintillation and multipath
fading channel are presented. The concluding remarks
and future works are given in Section §,

ay (1,0} . MPSK  [5(1)
Modulator a ? : ?
(1) ety
a@, {0} Mpsk  [X¥() ™
Demodulator |

!

()
Fig.1: MPSK modulation on joint scintillation and
Rician fading channels simulation model

2. THEORY AND BASIC DEFINITION

Consider a MPSK modulation scheme in F ig. 1 where
each information symbel is mapped to M possible
bandpass waveforms, s (1), s,(1),..., sy (1),081<T,

where T is the symbol period. Each signal 5;(f) has
phase difference by 2.7/ M radians and is given by [6]

® ’ZE 0( ; 2::;'] 0<r<T,
5(H)=,]~—cos -1 *
! T “ M i=1.. .M

where E is the received energy over each symbol duration
7. and @, is the radian frequency of the carrier. Notice
that MPSK signal has constant envelope. For an additive
white Gaussian noise (AWGN) channel, and assuming
coherent detection, the probability of symbol error at high
SNR can be expressad in terms of digital SNR, E/Ny i.e..

)

2E, .
PE) hpgr 20(1‘?0‘-5111%} @
where Q (x) is a Q-function defined by
(3)

o(x) = 7%?2‘“': *du

and Npis a one-sided noise power spectral density.
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Let the recerved signal y(r) be

W)= i @, (), (D5t —nT,) + n(r) ®

where a.(f) and ap4(7) are scintillation and multipath-
fading coefficients, respectively, and »(f) is an AWGN
with variance o? = Np/2 Watts/Hz.

3. SCINTILLATION

For satellite communication system, the transmitted
signal travels through the ionosphere before reaching the
earth station or receiver. Seintillation is a phenomenon
that signals are distorted by the fading effect due to the
ionosphere. It is common for the frequency range below
UHF band (300 MHz -3 GHz). The result is a specific
type of fading that depends on the ionosphere condition,
location (most often found in the tropical and polar
regicns) and time of year.

3.1 Scintillation Index
The intensity of scintillation is often measured by the
scintillation index §, expressed as

-y (&3]

where g is the mean and o, is standard deviation of
received signal envelope. Scintillation index §, can thus
be computed in a window of 1-minute interval.

3.2 Scintillation Model
The scintillation coefficient «, (f)is statistically

modelled as a non-zero mean, complex Gaussian random
process

2. ()=\JK, -&" +n_, (1), (©

where K 1s proportional to the signal power received via
the line of sight path, ¢ is a random phase shift uniformly
distributed over the interval [z, ] and n. (t)is a
complexed Gaussian process that arises fromscattered
signal propagation over random over random paths due to
atmospheric scintillation effects. The average signal
power received over the scattered paths is proportional to
Oue=Et ()] and assuming conservation of

between specular and scattered signal
components K, + O'i_c =1. The envelope of the

scintillation coefficient
probability density given by:

R—'{' (]-}=_-21L‘ e-r " e‘r: ‘-ai‘ : ID {-)i' j" 'i; Jli’f } # (T)
= 2

nc

I =]ar,,(r)] has a Rician

where y=K, /o is the ratio of received specular to
scattered signal power (Rician factor) and Rician factor

63

(7) can be related to the scintillation index S, [7], then
can be expressed as

r=1-5; (1-4i=57) ®
and
S, =y1-{y /7 + )}’ ©)

., (f) can be generated in the time or frequency domain
by the basic idea is to filter an independant conplex
Gaussian sequence to generate the scattered component
My (f) and then combine this with the specular
component to produce &,.(f). The magnitude-squared
filter frequency respouse |H, (f )I:ES matched to the
power spectrum of i (1), i.e.,

[ f =BH= [ dr R (a7 10

The process is show in Figure 2 As indicated, the filter
frequency response is designed to have linear phase,

phase{H, (f)}=2m\f , where A is typically set to half
the duration of the filter impulse response.

hxz.Tdem(f)-ez”f’

an
By
H U= JET €™ Nt
—— J2.urd .
e i - o
Scaie factor, &

Fig.2: Scintillation coefficient simudation model

H, (k) of the
discrete-time filter i;“ is computed from (11) as follows:

For the discrete frequency response

H_ (k)=e Ui N2 o-QuitlieN (12
where 0S k< N/2 5 F;jsa sanmungmtethatis twoto

three times the maximum bandwidth of the square—root
Gaussian filterand N 2 L is the number of points

compwted. Finally, /1 (k)is computed via inverse
discrete Fourier transform (IDFT)

" :N‘.-l ~
hx{k)=—-i? k) Y H, (D)-exp(27jk/N) (13)
i =0
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where 0<k<L-1. w(k) is a window function, L
sampled in extent and symmetric about L/ 2 Normally a
Hamming window is used.

Given /1, (k). the sampled scattered component
Ry (K/F,) can generated via discrete convolution
with a white, unit variance complex Gaussian input
sequence £(k) as follows:

-1

"m(kf’l".-)=ﬂ';’LU)-&UE-D» (14)

where the scaling constant is chosen to yield the
desired output variance.

b= /a,;/gf?;a)
=0

As noted above, g} is typically computed in terms of
the desired Rician factor viao, =1/(1+ ).

(15)

4. SIMULATION RESULTS AND DISCUSSIONS

The performance of MPSK modulation in satellite
mobile communication channel is simulated in this
section. The channel is the product channel of
scintillation and flat multipath fading. The scintillation
intensity level is varied by the parameter S, The flat
multipath fading is generated using Jake’s model and the
scintillation model is generated using the method
described in Section 3. The carrier frequency is at £ = 800
MHz and the receiver’s speed is at 10 knvhr. The number
of reflected paths N used is 198. The performance is in
terms of bit error rate and the signal-to-noise (SNR) ratio
is defined by Ey/Np, where E, is average bit energy which
can be computed from E, = E/log,M (M is the size of the
symbol set) and N is the noise power spectral density in
Watts/Hz. For each SNR, the simulation is run until the
total bit errors are at least 100.

The performance of MPSK modulation on scintillation
is shown in Fig. 3 and Fig. 4, respectively. In Fig, 3, the
bit error rate of QPSK is shown as the scintillation index
varies from 0 to 0.9. It is evident that as the intensity level
increases, the performance degrades. Similarly, as the
constellation size increases with fixed S; = 0.3, the bit
error rate degrades as seen in Fig, 4,

For joint scintillation and Rician multipath fading
channel, the performance of MPSK modulation is shown
in Fig. 5. It can be observed that the bit error rate
increases due the combined fading chamnels as we
compare Fig. 4 and Fig. 5, respectively. For example, if
SPSK is employed, the SNR loss at BER = 10 is about
1dB.

he
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Fig.3: BER performance of OPSK modularion on
Scintillarion fading chavmel for Sy = 0, 0.3, 0.6 and 0.9.

! G 5 10 15 20 &% »
Fig.4: BER performance of MPSK modulation on
Scintillation fading channelfor M = 2, 4, 8, 16, 32 and
64, S;=03
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Fig.5: BER performance of MPSK modulation on joint
scintillation and Rician fading channels for M =2, 4, 8,
16, 32 and 64, S;=0.3, K=15dB.



5. CONCLUSIONS

In this paper, we have simulated the performance of
MPSK modulation in satellite mobile channel which is a
combined scintillation and flat multipath fading channel.
Scintillation is typical in tropical region such as in
Thailand and in polar region. Both scintillation and flat
multipath fading can be statistically modeled, however,
each is generated differently due to the spectrum
requirement. The performance of MPSK communication
system degrades as the scintillation intensity increases,
and flattens out due to the capacity of fading channel in
general. With combined fading channel, the bit error rate
exhibits additional loss.

For future work, we plan introduce error correction
code techniques and study the combined channel of
fraquency-selective scintillation and mulfipath channel. In
addition, multiuser communication can be applied to
satellite mobile communication system.
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