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ABSTRACT

In order to start designing any communication systeimulation is needed and especially when théesys
design cost is very expensive like satellite like simulation make us take the right decision altloe system and its
component and parameters. One of to the trendsneahthe transmission is the use of coding. In thaper the
performance of trellis coding modulation (TCM) ovand mobile satellite (LMS) channel is presentad eompared with
other coding method and the absent of coding. B feand that the supplement of coding will not erdeathe system

always and the TCM is not always give better penoice over normal coding in all cases.
KEYWORDS: Trellis Coded Modulation over Land Mobile Sateli@@mmunication Channel Using Loo’s Model
INTRODUCTION

This paper is reported on the performance of twaesyof trellis coded modulation over land mobiléekite

communication channel using Loo’s model.

Satellite communication has found its place in ficacand is implemented in nhumerous applicatiomsmé of the
more common implementations are Global Positioggtems, satellite television and marine commuiuinat[1]. There
is a renewed interest and market opportunitiedfobile Satellite Service (MSS) for it is an attigetapproach in areas of
world not well covered by existing terrestrial idtructures [2]. For small, portable or even halititerminals, the MSSs

may suffer from time varying non Line-of-Sight (LPfading propagation conditions due to the presarficeultipath[2].

A link budget analysis forms the cornerstone of fiystem design. Link budgets are performed in otder
analyses the critical factors in the transmissioairt and to optimize the performance charactesistioch as transmission

power, bit rate and so on, in order to ensurealgiven target quality of service can be achiedd [

The possible solution to overcome the bad charomadition and decrease BER is to increase transomigsiwer.
We can increase the transmission power in teredsitation but this solution is restricted with thewer limitation in
mobile units and the satellite itself. One of theg klesigns in communication systems is the bantivééficiency. So the
use higher order modulation can make efficient asbandwidth, but it will enfaces with increase BER. To make
efficient use of power and bandwidth of a systedapdive scheme for modulation is used; it was dised over satellite
link in [2]. Another solution to enhance the lirkkthe use trellis coded modulation proposed by gk in [4]. [5] and
[6] had discussed the TCM over satellite channeit Bon of them use the QPSK nor use the LMS chamualel
(Loo's Model). Here in a description of simulatifmm the transmission over the satellite link depagdn Loo’s channel

model using MATLAB is presented.
SYSTEM MODEL
The system model used in the simulation is showrignire 1. The core of the model is the transmissizannel
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which presents the satellite link channel. At betids of the channel there are the modulator atirthet port and
demodulator at output port.
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Figure 1
Here in the transmission system and channel uskbemliscussed.

e Channels

In this paper three types of channel are to be irss@mulation, additive white gausian noise charfA8VGN),
the Rayleigh fading channel and the Loo's chanmalahfor land mobile satellite (LMS).

The first is generated by adding a random nornsttiduted variable with zero mean and the variaaaepend
on signal to noise ratio SNR and the modulatioretggp shown in table 1 below:

Table 1
Modulation
M. Level %
1 QPSK 0.5*10"(-SNR/10)
2 16QAM 1.25*10°(-SNR/10)
3 32QAM 2*10°(-SNR/10)
4 64QAM 3.4531*10"(-SNR/10)

The second channel is Rayleigh fading channel, visicharacterized by:

r2

fr() = %e_(wz),r >0

And can be generated according to the followinga¢ign from two random variables ¥nd X%.
R=yX2+V2r20

Where X, Y ~ N(05?).

This will represent the attenuation of the pathwhich illustrated in Figure 3. The system wilsame optimal

equalizer (1d).

a N q/q
Figure 2

The Loo's model [Hoffman]: for LMS is described by
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r.exp(j@) = z.exp(j@,) + w.exp(jO)

with z lognormally distributedy Rayleigh distributed and and @, uniformly distributed between 0 and.2lhe
probability density function (pdf) for ris:

p(r) = r/bov/2mdo / 1/zexp[—(Inz — p)?/2do—(r? + 22)/2bo] Lo (2 /bo)dz
Jo

with L, and\/d_o the mean and standard deviation of the lognorrdgllg the average scattered power due to the

multipath and, the Bessel function of zero’th order.
The lognormal component z could be generated ubmdpllowing equation from a normal distributed. ms shown :
z = 10Y/10
Where y~ N (G59).
* The Scenarios

Two scenarios are discussed in this paper. Theifirthe modulation without coding; the second ox@udes

coding while the third one is using trellis codeddulation technique proposed by

The first scenario considered is to transmit thguirstream of bit directly. The input bits streasrdivided into
two sets, one bit for | component and the nexttfier Q component and so forth for QPSK modulatiomilgVfor the
16QAM modulation, the set is consist of two bitstead of one bit. These bits assign the amplitudéhe related

component.

The second and third scenarios include a coder v structure, rate 1/2 coder- figure 3 - isdug® transform
the single bit to two bits be transmitted using &P®hile rate 3/4 coder — figure 4 - is used to m#ikree bits suitable to

be transmitted via 16QAM (i.e. 4 bits), where ebrb bits are assigned to a component.

The second is with convolution coder and gray magpiThe decoding method is Viterbi algorithm witéardh
decision. (i.e. the decoding depend on hamminguiigt of the received symbol). The third scenaritkésthe second in
general but with two differences. The constellatistribution is according to [4] and the decodimgthod is soft

decoding.

The mapping method is deferent between the nomaasmission and TCM. The difference can be sedigime
5, figure 6 and figure 7.

‘ ~(+)~C1
(4 —{+)—~C2

Figure 3: Rate 1/2 Coder
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Figure 4: Rate 3/4 Coder
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Figure 5: Constellation Mapping for QPSK Transmisson
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Figure 6: Mapping for 16QAM
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Figure 7: Mapping for 16QAM TCM
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RESULTS

In this section the numerical results for the thseenarios of data transmission over various cHam@scribed in

previous section are presented.

These results are obtained by simulate the systemasios discussed before. Simulation is done myexing
the system stages into algorithms and mathemaéadtions. The combination of these algorithmseaquhtions describe
the system behavior under various conditions afigrdnt parameters. The total bits used in eactulsition were at

minimum equals to 92e3 bit/ simulation. Sometintés humber was increased to 150e3 or up to 20@sBipiulation.
The results are shown in figure 8 to figure 14.

The figures 8, 9 and 10 represent the performah€P&K, 16QAM and 64QAM modulation transmission rove

the channels considered in this paper.

Figure 11 shows the performance of QPSK over theetlthannels in a single plot. Figure 12 gathees th
performance of all transmission methods (scenadesj AWGN in single figure. Figure 13 gathers geeformance of all
transmission methods (scenarios) over Rayleigh ridlaim single figure. Figure 14 gathers the perfange of all

transmission methods (scenarios) over Loo's maodghigle figure.
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Figure 8: Comparison of Modulation Order over AWGN Channel
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Figure 9: Comparison of Modulation Order over Raylégh Fading Channel
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Figure 12: Performance of Various Transmissions ovt@AWGN Channel Model
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Figure 14: Performance of Various Transmissions ovd_oo's Channel Model

CONCLUSIONS

In this paper simulation was made to compare betwédérent transmission methods. The methods aténrthe
same of complexity level. The expected resultstheemore complex system the better performancetHisitwas not
exactly what was found by simulation. For QPSK thizss true for AWGN channel, but in Rayleigh and sazhannel the
coding with gray mapping Vlterbi decoding accordiogHamming distance performs better results th@MT On the
other hand 16QAM show unusual results, where theensomplex system (addition of coding) has no ¢ffat the
performance. But the TCM unlike QPSK give us thedsgerformance always for Rayleigh and Loo's rhade for more
than 3db SNR in the AWGN channel.
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