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ABSTRACT 

Fading in mobile satellite commur~ications severely degrades the 
performance of, data transmission. The emphasis in this paper is 
on the performance of uncoded and coded ITMA in the fading 
enviromnenl The channel is modeled ~lth nonfiequeocy 
selectrve Itice and Rayleigh fading using noncoherent 
demodulation \\qth Reed-Solomon (RS) codes and hard decision 
decodmg Berlekamp-Massey decodmg of RS codes is used to 
compensate for the fading. The bit error rate (DER) afier 
decodmg 1s calculated for specific codes and for different values 
of Rlcian channel parameters The results of tlus paper are 
obtained by simulation techmques They show that subslantial 
coding gams are obtained compared to the oncoded reference 
system They are also useful as reference fix vahdatmg the 
results of smnilation shidies. 

1. JNTROD1JCTJON 

Many unportant sources of degradatlan in digital data systems 
such as m~pt~lse noise due to hghtning discharges or switches, 
radio frequency interference from other transmllters, and mu1 tiple 
transmission paths in the transmission medium are non-Gaussian 
~OKX [l] Multiple ~ansmission paths are due to scattering over 
reflecting objects in mobile or refraction involved by ionosphere 
or troposphere in radio. l’his elkct is the well known fading. The 
cham~els are referred to as fading when their gains, phase 
characteristics, or both are perturbed by randomly varying 
propagation condltlons 

applications m saklllle colnmilllicntlorls depends mamly on the 
so called lllce fktor ‘Ilie Rice factor KY is defined as the ratio 01 
direct lo reflcctstl energy. la marilime sakllitc: cliauiicl, it was 
l’ound lhat Kr is typically in the range of 7-15 dl3 [bj. A variety 
of scrvlccs, would refer to unshadowed cham~cl, e g , digital 
speech transmission in open areas and communication to 
statmnary mobllc users. For such applications, the Rlclan chamlel 
with a Rice factor is typically in the range of 3-18 dls In 
coIlIlllLI1I1clt1o11 \+lth land mobile tennmals via sirtelllte, 
shadowmg 1s caosed by large obstacles in the signal path (e g , 
building, and bridges) Multipath hdmg channel IS caused by 
rellectlon of the satellite signal al a large number of points. For 
narrow-band co1i11iit1iiIc(itloil, the cham~cl can be assumed 
~lonliequency sclcctlve Raylelgh fiidmg 171 The received slgmals 
will bc assuinrd dztectcd noncohzrently Although, cohcrcncc: 
achieves the optmitnu performance m terms ol’bll signal to noise 
ratio, 1$,X,,, it 1s not tiiasible 111 practice A precise frequency a11d 
phase Ict’cIcnce must lx obtamcd tix each cake1 component of 
the slgr~alu~c: ‘l‘h~s would m& a cohcrc111 IKMA VCIY dLiicult 
to llllpl”lnellt. 

In 1111s paper, the Idea of combinmg Reed- Solomon (RS) codes 
with ill-ary signaling FCMA as a bandwidth etlicient block 
technique, over the bandwidth-lillllted Lliug cl~aluxls is 
presented ‘l‘he transmission model of the I:CMA system under 
coiisidzralion over a Pdding clianncl is depicted in Fig I 
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Frequency comb multiple access, FCMA, will be investigated 
over a slow fading channel FCMA is basically a quaa- 
orthogonal frequency multiple access scheme [2]. FCMA assigns 
sets of carrier frequencies for each user of the system. These sets 
are uniqne for every user while each set is called ‘signature’ It 
has been suggested to serve numemus light-truflic and long- 
distant poinCs Henceforth, multqk access interference MA1 1s 
the mherent hmltmg factor of performance hi-ary FCMA has 
been mvestigated where the comin~lnlcutiol1 channel is confined 
to AWGN and MAI [3]. Recently, such schemes wer-1: analysed 
with codmg in [4] These results seem adequate lbr satellite 
applications when all communication centrcs retain the lme of 
sight propagation In such cases non-srlcctlve fitxliiency liding 
has only a slight degradatlou Ilnfortunately, iu mobile 
applications, or where reflection or multiple paths exist without 
direct propagalion, fading crileria should be ensoirnlu cd as a 
must Ilenceforth, hkuy FCMA is simtdatetl assuming Rayleigh 
and Riician fading channels, to match the forgomg services. 
Illclan fading suits satelhte mobk channel whereas Rayleigh 
fadmg smts land mobile channel 151 The restriction of the 

Fading process 

AWGN X MN 

F’lg I ‘I‘r-ansmisslon nxxlcl of ITMA over Fading Channels 

. . 

Initiall) the n~odcl of colnlllunication l&lg channel for L’CMA 
system IS mtroduLcd Next, the ~~I~II~~II~Lc ofcods~Vttticotlctl 

Al-uly KMA will present ‘l‘he obtained results Ibr such syskm 
using computer smnilation are teslified with the well bnown df- 
sty FSK system given in r&rence (81 under ceriain parameters 
and a good agreement 1s achieved 



2. MODELING RAYLEIGH AND RTCIAN 
CHANNELS 

Fadmg channel IS modeled by mtroducing a multlpath gain 
represented by a complex number, and a complex additive 
Gaussmn noise AWGN. The h/l signaling waveforms are assumed 
to have equal energy and are equally hkely to be tmnsmitted For 
the AWGN, the optimum receiver computes the decision 
vanables and selects the signal coiTesponding to the largest 
dectston varlable Since tht: signals are detected noncoherently, 
the phase term of the gain becomes inrlcvant and can be 
dropped from conslderatlon. The gam is a random variable 
having Rayleigh or ltician fading density flunctions respeclively 

[71. 

P(r) = 2rexp ( 1 -r2 

factor krP For instant, K,. = 10 dB IS ofen used to model 
propagation condltlons in the land mobile case m nonshadowmg 
areas, whde K, =5 dB is sinularly tised to model propagation 
conditions \\ith shght shadowing. 
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where r IS the channel amplitude, b is the variance of the noise 

at the input of the detector The dnnensions of the presented 
system, AI-Amy FCMA, were as follows channel bandwidth 
(assumed to be 20 MHz) IS divided mto 5 12 bands; the centre 
frequencies of these bands are the carriers that could be 
communicated with Every sub-band occupies about -IO kEb so 
that it could carry a n~axnnun~ mfonnatlon rote of about 40 kbps 
Each symbol IS represented by a stgnature that will be se111 as a 
set of three dlstmct carriers 111 the snnulation, the number of 
smu~ltaneous users is assumed to tx five. 

It has been noted that as few as SIX sine waves with 
independently fluctuating random phases w111 gave a fluctuating 
resultant whose envelope closely follows Rayleiglr statlstlcs and 
whose phase is uniformly distributed, [9,10]. The simulation 
statistics of Rayleigh model is achieved by considering the 
received carrier amplitude, of each element of a signature, as the 
vector sum of twenty sinusoids of eqnal strength and a uniform 
random phase. On the other hand, with Rlciiul f&ding channel one 
of these sinusoids is considered stronger than others. The additive 
white Gaussian noise, AWGN, is then added to both signal 
models in order to construct a complete signal at the receiver. In 
doing so, the amplitudes of both models signals are factorised to 
adjust the slgnal to noise ratio as required. MAI IS generated as 
an interference calTiers of the same strength exactly as the 
transmitted slgnal 

3. PERFORMANCE OF UNCODED FCMA 

The receiver of bmary l:CMA receives only two signatures or 
two combs of discrete fiequencles, each one rcslxe~ents u bmary 1 
or 0. MeanwhIle, thehl symbols ofAl-ary FCMA are ~cce~ved as 
hi different signatures. The stgnatu-es of a pa~l~cular receiver 
have been chosen to be completely distinct whereas that of 
different destinations may be e&r nonoverlapped OI over-lapped 
in one or two elements of the signature. The overlapping criterion 
for different receivers are assunied random. 

In this paper, it was useful to model propagation conditions in 
moblle satelhte communications for difkrent vulurs of Rice 

Fig 2 Per fomumce of Uncoded FCMA over Rayleigh Channel. 

Figure 2 explams the pxformance (BER as a function of the btt 
enagy-to-one sided noise density rutio &IN, dB) of uncodcd 
FCMA over Rayleigh channel. Figures 3 and 4 show the 
pert~xlnaiicc of uncodcd FCMA for slow Rician fading channels 
at K, -5 aud 10 dti respcctlvely This have been achicvrd ILr 
idcal noncohercnl demodulation at M= 2,4, ,128. It 1s 
obse1 vcd from those ligures that there is a certain threshold 
region III the sense that a higher df-aq systzni provides poorer 
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Fig 3 krfonnance of IJncoded FCMA over Rician Channel 
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Fig 4 I’crlbrmance ol‘lJncodcr1 FCMA over R&n Cl~annel. 



performance after that threshold as ekplamed in Fig.5. This is 
due to the etTect of MA1 as expected A comparison between the 
performance of Rayleigh, Ricmn, and AWGN for tmcoded 
FCMA is deplcted in Fig 6. 
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Fig.5 Regions of Error Performrlllce of Uncoded FCMA 
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Fig 6 Performance of Ilncoded FCMA m Rayleigh, Illclan, and 
AWGN Channels 

4. PERFORMANCE OF CODED FCMA 

To develop an RS coded, defile an 11s code over GF(2”‘), where 
each code symbol 1s mapped to a slgnal set symbol. The code 
rate is chosen such that the rate of the coded scheme IS the same 
as the uncoded one The performance over fading cham~rls usmg 
the Berlekamp decoding technique 1s considered. In order to 
evaluate the bit error probabiltty (BER) for block-coded 
transmlss1on to fading chamds, the followmg assumptmns are 
made (i) the data are coded by a systematic block code with 
blocklength II symbol = ttn~ bits (nr bits per code symbol), 
mformation length li symbols, and code rate R=khr, (ii) in one 
code block, I symbol errors can be corrected, (iii) the fadmg is 
slow compared to the data rate, resulting m constant amphtude 
during one code symbol. 

Berlekamp’s algorithm is much more difficult to miderstand than 
other algorithms (e.g. Peterson’s approach), but results in a 
substantially more eflicient implelnelltatiol1 [I l] The complexity 
of Peterson’s technique increases with the square of the number 
of errors corrected The complexity of Berlckamp’s algorithm 
increases ltntzuly allowing for construction of elticicnl decoder 
that correct dozens of errors 

IJsmg these decodmg algorithms all patterns oft symbol errors 

can be corrected provided that 2f < (I,,,,,, -1, where tl,,,,,, 1s the 
mimmum Hamming distance of the RS code. If ior a recclved 

code \vord this inequality does not hold, the decoder can not lind 
the concct codewo~-d This event is called a decoding fallore. 

The pcl formance has been computed using simulation techniques 
when the receiver uses hard decisions on the received symbols. 
Now the slgnal to noise ratio (&/NO) is scaled by the code rate 
R-kh as 

(3) 

where t!:, is the energy per symbol Figure 7 shows &@, as a 
limction of the number of mfonnation symbols, k, with (3 I, k) 

RS hard dscislon decoding and BBR = 0 001 It shows that the 
optimum (1 e. the minttntml f$‘N,) RS codes have relatively high 
code talc for AWGN chwnel, while the rate decreases for fadmg 
chamlels as fadmg becomes more severe. 
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Fig 7 Eb/No agamst lnformatlon Symbols k with RS( 3 1,19), 
Hard Decision Decoding 

Figtut: X shows the performance of the optunum RS codes with 
AI-nry I:CMA m Rum fading channel (K,. = 1OdB). Table 1 lists 
the opttmum RS codes for the different channels A comparison 
between the code performance of the two codes RS( 15,‘)) and 
RS(3 I, 19) in AWGN, Rician, and Rayleigh chamlels 1s depIcted 
in Fig 9 Figure IO presents the signal to noise ratio &/IV<, as a 
ftmctlon of the Rice factor Kr at BER=O.OOl It IS observed that 
the 1lm11llu E&‘o is achieved for AWGN and RS( 127,79) code 
whllc tt 1s worse in Raylelgh and for the code llS(7,3) 
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Fig 8. Optimum Codes for FCMA over Rlcian Channel. 



Table 1 Optimum RS Codes, BIX=O 001 
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Fig 9. RS Codes for FCh4A m Rayleigh, Ricmn, and AWGN 
Channds 
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Fig. 10 Eb/No versus Kr Required for HER U.001 

Table 2 shows the results of coding gains for two of an op~irnmn 
RS codes at BER=O.OOl over the different chamds 

Table 2. Coding Gaius for Optimum RS Codes, BER=O 00 t 

1 RS(n,k) 1 AWGN 1 Rician 1 Ravleigh 1 

5. CONCLUSION 

Smn~la~~on of the uncoded and coded lxrfi,nnance of A~-ary 
lcCM.4 with rleed-So1ollloll coding tllld noncoherent 
deniodtilation has been lxcscnted for slow Rlc~an-Ldmg 
cllallllcls (O- K,‘< 00) ‘llic pc~ Ibniiaiice of coded dala 
transmission on Rayleigh, and Ricinn cliaiiiels is considcr:ibly 
improved if RS codes ale used as shown in Figs.6 and 9. A 
simple RS code, such as RS(7,3) provides 6 1 dB coding gain at 
BER=O 00 t over Rayle~gh chamiel which can be mcreased to 
19dB usmg RS( 127,79) The worsl case of fading chn~u~el 
(Raylelgh) compared with AWGN has shown lo degrade the 
performance by about 13dB for uncoded 32-FCMA (see Fig.6). 
FIowcvcr, the dcgradatioii of a coded system is only valid by 5 
dB (XL: Fig 9) Generally speakmg, the gam of coding m t:,~dmg 
cham~rls are higher than a Gauss~a~~ channel (see Table 2) In 
other words, 11 is found that RS codes offer prticularlq 
imlxzssive gain m fading &mnel. It can be noted that the results 
m tlus paper should be useli m vahdating the results of 
sllllut~rlloll studles, which are noxmally used lo examme 
lxxiiinnance when other impnrments al-e considered 
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