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Abstract— In this paper, the performance of a turbo coded K a-
band code-divison multiple access (CDMA) based land mobile
satellite system is presented. An analytical bound based on the
union bounding technique is derived for the two state channel
model and shown to be useful in estimating the performance of
the system. Simulation results of the system are presented
considering both the correlated and the uncorrelated channel.
Other cdl interference which is of prime interest in satellite
systemsisalso considered.
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|. INTRODUCTION
major goal for the next generation communicatisns

mainly affected by shadowing and faster multipattiifig [3].
The atmospheric and tropospheric effects contritageere
adverse effects on this band as in the lower bErjd®oppler
effects are also severe in this band.

To minimize the effects of the bad propagation
environment, high coding gain channel codes suchuds
codes and Low Density Parity Check Codes (LDPC)uaesl.
These codes can be used to further minimize posageuin
such power constrained systems. Direct Sequencee Cod
Division Multiple Access (DS-CDMA) is consideredrfthe
next generation wireless network and it is suitdbfesatellite
systems. Other cell interference is a major conaesatellite
DS-CDMA networks [9].

In this paper, we present the performance of aotudred
DS-CDMA Low Earth Orbit (LEO) satellite system opting

provide basic communication services anywhere ard the Ka-band. We provide simulation and analygisults of

anytime at an affordable cost with efficiency. Huée
based networks and terrestrial networks are sebrtaplement
each other to achieve this goal with the formetaslé for
rural, maritime and aeronautical environments whhkeee are

this system in different conditions that are dedingy the
communication channel statistics and the sateliystem.
Section |l presents the system model and in Sedtiprihe
bound is derived. In Section IV, we present theralated

few users and the latter is suitable for urban remvients fading concept and results are presented in SebtiG@ection
where there many users and obstructions. The igatel\/| concludes the paper.

personal communication networks are also consideced

provide an umbrella cell structure for terrestriatworks and
assist in minimizing call blocking or dropping ihet latter.
Also the improvement in satellite communications lsgen
satellite networks being considered to provide detefy
ubiquitous and seamless services to the mobile user
The overcrowding of the lower frequency bands ngniel

S-, C-, and Ku-bands leads to the Ka-band beingntbst
suitable band for the next generation satellite momications
[1]. The Ka-band is also suitable for broadband timadia
services due to its wide bandwidth that allowsuke of high
data rate traffic. However, the Ka-band suffersrira hostile
propagation environment [2]. The propagation emvinent is

This work is supported by THRIP, Siemens and Telkorder the Center
of Exelence.

Il. SYSTEM MODEL

A. The Land Mobile Satellite Channel (LMSC)

We consider a two state statistical channelehthat was
introduced in [4] whereby the channel is dividedoiriwo
states; the good state and the bad state. A tinaesh
determines the severity of the shadowing andatfisnction of
the user location. The probability density functigaf) of the
general two state channel model is given by [4];

p(p) = (1' A) pRice(p)+ AJ(;O Prayi (] Po )pLN (Po )dpo (1)

where, A is the time-share of shadowing and thegial
expression signifies total probabilityp,, () represents the
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Rice distribution, pg,, (.) is the Rayleigh distribution and Ne=Th/Tc. 7 and ¢ are the time delay and carrier phase

.) is the Lognormal distributionp is the received signal . . . . - .
Pun () 9 » 9 respectively. ﬂlk is the spot beam isolation coefficient and it
envelop andp, is the short term mean power of the multipath
fading represent the effect of spot beam antenna pattéirralso
. accounts for the multiple access interference (Mt thelth
The pdf of p, is,
satellite illuminating usek imposes on the desired user. These

10 [-(mogoo-u)z} ) coefficients are assumed to be the same for alk#tellites,

P, )= &P 2
@ap"lnlo % ie. ﬁ,k = ﬁk and alsoﬁl =1 for the user of interest [6, and

where 1 and o are the mean and the standard deviation in dBsferences inside].

of the associated normal variate respectively. Bizing the
parametersA, i , o and the Rice Factor , the two state mod

can be fully described. The parameteis the most important Binary Phase Shift Keying (BPSK) receiver, and esgg that

in the LMSC model [4]. WithA=1, the channel is Rayleigh — ¢ receiver locks on each path, the Maximum Radmbined
Lognormal, representing the presence of shadoveind,with

A=0, the channel is Rician, representing a clear lingight. (MRC) received signal from an - finger Rake receiver, for a

specific user of interest, user 1, is;

ZL:{J:“# JT? rOpc’ (117 ) cos{wt+ ) dt}
i b

1=1

él[\ssuming a single path from each satellite, usingplerent

B. Turbo Codes

Turbo coding involves the parallel concatenationtwd
constituent recursive systematic convolutional (R&atoders
separated by an interleaver [5]. The informatioms tare
encoded using one RSC encoder and they are atxteanted L
before being encoded using a second RSC encoder. Th = Z
transmitted symbol is the information bit followeg the two
parity bits from the constituent codes. The turbecatler where,
consists of two soft input soft output decoderst thlaare

2
information iteratively [5]. X, = /RT{ Pll} b (5)
C. Receiver Module

We consider a multi — satellite system (saeltiversity P X< KoK b-k1R1k (le 'Tll)
system). There ark LEO satellites serving as base stationd = [ =~ zzpl KA

with S spot beams and transparent transpondé€rsnobile T ie2i=1 +hy Ry (Tl il
terminals on the earth surface communicate witrsttellites.

The received signal is given by [6], (6)

K L b
rt)= n(t)+ /2R ZZplkbk (t - r,k) c (t - r,k) oos(wct+ (o,k) 0= joT /Tgplln(t)cll(t - rll )eos(wct + go,l )dt @)
3) b

k=11=1 (

u 1
(4)

{x| Vv +’7|}
=1

XK L
"'\/?F? Z Zlﬁkﬁlkbk (t'TIk)Ck (t'flk)cos(wc”‘/’lk) X, V; and 7 represent the desired user’s signal, the MAI and

k=K+1I=1

wheren(t) is the additive white Gaussian noise (AWGN) withthe AWGN componentsb_kl and b('; represent the previous
two — sided power spectral densNg/2, P, is the transmitter pingry information data bit and the current information bit

Kie fa .
power andp is fading parameter at theh path andth user respectively for thekth user. Ry, (z)and R (z) are cross

respectively with pdf given by (1)ck (t) is the spreading correlation coefficients of the spreading codes and are given

b ’
sequence of thkth user generated at a rdfdc, and b (t) is Y

_[ta k
the binary information data for theh user generated at a rate Ry (@)= _[0 ¢ (t B T)C (t)dt

UTb. Tc and Tb are the chip duration and bit duration , T 4 K
le(r)=jr c(t-7)c (t) ot

respectively. Therefore, the processing galo, is given by
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Ill.  ANALYSIS Rician or Rayleigh,y becomes 1. For the Rayleigh —

Assume;X,, to be the transmitted codeword over a fadingognormal case,
channelx;, to be the received codeword and that the receiver
can accurately estimate the channel, i.e. theféaihgp is y= E[rz}E[roz}
perfectly known at the receiver [2]. The probabilibat the

— 2 2 2
decoder incorrectly decodes into a codewordX, is known - 20Rexp(2h,u+ 2n J'—)

as the Pair - wise Error Probability (PEP). To emte the  The bit error rate (BER) of the turbo code can beained
PEP, perfect channel interleaving is assumed wigshits in Py assuming maximum likelihood decoding and uniform
an independent Rician or Rayleigh fading for eaddec Nterleaving. Itis upper bounded by,

symbol [2]. Only the weight of the incorrect codedanatters. R, < 2 AyR(d) (15)

. . S d=dmin
The cond|t|_ongl PEP conditioned on a is given byaftl Aq is the error coefficient and is the average nundfebit
references inside],

errors caused by the transition between the atre zodeword
) . d ) and codewords of weight. d, is the minimum Hamming
R(X: %, 1p)=Q ZRWZpij (8) distance of the coded is calculated in [7] andP2(d) is
0=t evaluated numerically using Gaussian Quadratuhes@Gauss
where R is the code rated is the maximum number of — |aguerre and the Gauss — Legendre quadraturesGaibss
differing bit positions betweer, and X, , ij is the index of — Laguerre quadrature is a Gaussian quadrature theer
interval [0 -] and is used to evaluate those integrals that are
in this interval. The Gauss — Legendre quadratweai
Gaussian quadrature over a finite interval [a ard is used to
Q@)= 1 .[ m Ze-22/(23in2¢)d¢ (9) ©valuate integrals falling in this interval. The ngeal
Y0 representation of structure of Gaussian quadratsyes

(14)

the differing bit positions an@(2) is given by the Craig’s
formula,;

The Gaussian approximation is used to evaluatentiee
variance oV, and the output signal-to-noise ratio (SNR) of th

b n
f(x)dx = i:le(xi )X ) (16)

MRC receiver is written as, where B, b] is the interval of integrations; are the abscissas
L <X, >2 or points of integration that are associated with zeros of
y= 2 2 (10) orthogonal polynomialsy(.) is the weighting function and is
=1 20] related to the orthogonal polynomials [8].

where 6/ is the total variance of the MAI and the AWGN

) IV. CORRELATEDFADING
components for thdth path and<X|>|s the mean of the

We use the same channel model as before and weaéval

received signal given by; the performance of the system in a correlated pathi
_ o) 1? scenario, considering the Doppler Effect. The Jabewer
<X'>_ PtT{p'} (11) spectral densityS,(f), of the multipath channel process is

The PEP is obtained by averaging over the chammughdg given by;
gain.p, 20a

Pd)= R( Xy, Xy)= (1-A) 0 Price (p)Q(S)d{p} S =1 702 - 2 |f|< fo 17)

(12) 0 elsewhert

2

+ALP} I: PRaly (p126)Pun (1) deoQ(S) d{ }

where 2027 is the diffuse power in the diffuse process &rid
the frequency variabldy is the maximum Doppler frequency

where and is given by;
LE
&= e (13 o= (18)
Esy[(K-1)+k_ZKj+lﬁ } N c , o . .
= +_0 wherev, f,, andc are the mobile receiver’'s velocity, carrier
3N, 2 frequency and propagation speed (speed of lighpeetively.

The power spectral density and autocorrelation tfancare

where Es is the symbol energy and in this equation, it i§ourier transform pairs and therefore the autotatiom
i ) function, R.(t), is given by;
assumed that all signals from the satellites urmié¢ing same

propagation channel effectg.is the second moment of the Rea(t) = 20, Jo(27fot) (19)

d wheret is a time variable and,(.) is the zero order Bessel

. . _ k]2 .
fading variable, y = E[{pm} } In the case of normalize function of the first kind. The Jakes spectrum @nmonly
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used in modeling land mobile channels. In our waekvary [3]
the normalized Doppler frequendidT, that is, the ratio of the

Doppler frequency to the sampling frequency. (4]

V. RESULTS

The turbo code considered consists of two g/Gbpstituent
RSC codes separated by a pseudorandom interl@aheRice
factor is set to 12dB angl = -10dB. The number of iterations (g

is set at 10 and the frame length is set at 108ssrdtated. The

(5]

4
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data rate is 64kbps.

. . [7]1 D. Divsalar et al, “Transfer function bounds on fiegformance of turbo
In Fig 1, a comparison of the system performance in

codes,” TDA Progress Report 42-121, JPL, Cal Téety. 1995.

uncorrelated and correlated fading situations iswshfor a [8] http:/www.efunda.com/math/num_integration/num_grauss.cfm
normalized Doppler frequency of 0.1 and frame Ilengf [9] E. Lutz, “Other-Cell Interference in Satellite Pav@ontrolled CDMA
1000. It is seen that the correlation degradegp#réormance Uplink,” International Mobile Satellite Conferenqep 83-88, 1997.
of the code. The waterfall region is shifted toighkr Eb/No

and the error floor region is raised. In Fig 2, present the LE+00 —e— correlated
bound compared with simulation results for a systéth 10 —=— uncorrelated
users in the spot beam of interest and we takeotssall 1EOL

interference from users in other spot beams todsedf the 1E0Z 4

interference from the users of the spot beam efrést. The | & 1.E034

usefulness of the derived bound is clearly showit &stight 0 1 E04

to simulation results for an uncorrelated chanimeFig.3, it is 1.E05 |

seen that performance is improved with the use cdfiannel LE06 |

interleaver. The interleaving depth, N, that is sidared is 5

and 10 (it is the number of encoded frames). Thim ga LEO7 0 1 2 3 ;1 5 (‘5

achieved with increase in N is reduced as N in@®agve
used the pseudorandom interleaver and during ouwulation
we realized that there is no much difference betwte Figurel. Performance comparison in correlated and
performance of the random interleaver and the blodiicorrelated fading.4 = 1dB, A=0.1, fame length = 1000,
interleaver. fbT=0.1]

In Fig.4, the degradation in system performanch@vn as

(Eb/No)dB

the time share of shadowing, is increased. It can be seenthatl 4 g,qq - —¢—Analysis
the code performs badly in heavily shadowed comufti In LEOL % —>— Simulation
Fig.5, the results show the performance of theesysas 1.E-02 |
o changes and Fig.6 presents the analytic resuttseeafystem 1E03 4
when the other cell interference is considered. Eigg: |
VI. CONCLUSION 1583 1
In this paper we have shown the performance ofrlaotu LE08 |
coded satellite system utilizing a two state sigelthannel 1.E-09 ‘ ‘ ; ; ‘
model. We also derived and evaluated the uniomddo 0 5 10 15 20 25
evaluate the performance of turbo codes in saedjtstems (Bo/No)dB

using the two state channel models. Numerical tesate
presented and the derived bound is shown to be tigh

The results also show that the performance of toe ds
degraded in the presence of correlation and a sntatleaver
can be used to improve it. The overall results abteat the
system performs well in open areas where theresigraficant
presence of a line of sight signal.

Figure2. Performance comparison of simulation aralyais.
Frame length = 100Nc=127,K=10, frame length = 100]
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Figure 6. Effect of other cell interference.



