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ABSTRACT

Fading in mobile satellite communications severely degrades the
performance of. data transmission. The emphasis in this paper is
on the performance of uncoded and coded 'CMA in the fading
environment The channel is modeled with nonfrequency
selecive Rice and Rayleigh fading using noncoherent
demodulation with Reed-Solomon (RS) codes and hard decision
decoding Berlekamp-Massey decoding of RS codes is used to
compensate for the fading. The bit error rate (BER) afler
decoding 1s calculated for specific codes and for different values
of Rician chamnel parameters The results of tlus paper are
obtained by simulation techmiques They show that substantial
coding gams are obtained compared to the uncoded reference
system They are also useful as reference for validating the
results of sunulation studies.

1. INTRODUCTION

Many important sources of degradation in digital data systems
such as wunpulse noise due to lightning discharges or switches,
radio frequency interference from other transmutters, and multiple
transmission paths in the transmission medium are non-Gaussian
noise [1] Multiple transmission paths are due to scattering over
reflecting  objects in mobile or refraction involved by 1onosphere
or troposphere in radio. This effect is the well known fading. The
channels are referred to as fading when their gains, phase
characteristics, or both are perturbed by randomly varying
propagation conditions

Frequency comb multiple access, FCMA, will be investigated
over a slow fading channel FCMA is basically a quasi-
orthogonal frequency multiple access scheme [2]. FCMA assigns
sets of carrier frequencies for each user of the system. These scts
are unique for every user while each set is called “signature’ It
has been suggested to serve numerous light-traffic and long-
distant points Henceforth, multiple access intet ference MAI 18
the mherent lntng factor of performance Af-ary FCMA has
been nvestigated where the communication channel is confined
to AWGN and MAI [3]. Recently, such schemes were analysed
with coding in [4] These resulls scem adequate for satellite

applications when all communication centres retain the line of

sight propagation In such cases non-selective fiequency tading
has only a slight degradation Unfortunately, in mobile
applications, or where reflection or multiple paths exist without
direct propagation, fading criteria should be encounteied asa
must  Henceforth, Af-ary FCMA is simulated assuming Rayleigh
and Rician fading channels, to match the forgomg services.
Rician fading suits satellite mobile channel whereas Rayleigh
fading suts land mobile chamnel |5] The restriction of the

applications 1 satellite  comnumications depends mamly on the
so called Rice tuctor The Rice factor K, is defined as the ratio of
direct to reflected energy. In maritime satellite channel, it was
found that K, is typically in the range of 7-15 dI3 [6). A variety
of services, would 1efer to unshadowed channel, e g, digital
speech transmission in open arcas and communication to
stationary mobule users. For such applications, the Rician channel
with a Rice factor is typically in the range of 3-18 dBIn
commuiication with  land mobile termmnals via satellite,
shadowing 15 caused by large obstacles in the signal path (e g,
building, and bridges) Multipath fading channel 1s caused by
reflection of the satclhite signal at a large number of points. For
narrow-band  communication, the channel can  be assumed
nontiequency selective Rayleigh fading |7} The received signals
will be assumed detected noncolierently  Although, coherence
aclueves the optimun performance m terms of bit signal to noise
ratio, iy, 1t1s not feasible m practice A precise frequency and
phase reference must be obtamed for each carrier component of
the signatuie This would nuhe a coherent FCMA very diflicult
to implement.

In this paper, the 1dea of combinmg Reed- Solomon (RS} codes
with  Af-ary signaling FCMA as a bandwidth eflicient block
technique, over the bandwidth-lited fuding chammels s
presented. The tansmission model of the FCMA system under
constderation over a fading channel 1s depicted in Fag |

" &S Aary FCMA
ource encoder modulator
Fading process
AWGN & MAT
. RS Mary FCMA
Sink decoder demodulator

Fig 1 ‘Transmission model of FCMA over Fading Channels.

Initially the model of communication fading channel for FCMA
system s mtroduced  Next, the performance of coded/uncoded
AM-aty FCMA  will present ‘The obtained results for such system
using computer sunulation are testified with the well known Af-
ary FSK system given in reference [8) under certain parameters
and a good agreement 1s achieved.



2. MODELING RAYLEIGH AND RICIAN
CHANNELS

represcented by a complu\ numbu and a complu\ addmw,
Gaussian noise AWGN. The M signaling waveforms are assumed
to have equal energy and are equally likely to be transmitted  For
the AWGN. the optimum receiver computes the decision

variables and selects the signal coresponding to the largest

deciston variable Since the signals are detected noncoherently,
the phase term of the gain becomes imelevant and can be
dropped from consideration. The gam is a random variable
having Rayleigh or Rician fading density functions respectively
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where r 1s the channel amplitude, o is the variance of the noise
at the put of the detector The dimensions of the presented
system, Afary FCMA, were as follows  channel bandwidth
(assumed to be 20 MHz) 1s divided mto 512 bands; the centre
frequencies of these bands are the carners that could be
comununicated with Every sub-band occupies about 40 kIlz so
that 1t could CAITY 4 Maxmum mformation rate of about 4¢) khn\
Each symbol 1s represented by a signature that will be sent as a
set of three distmct carriers In the sunulation, the number of
simultaneous users is assumed o be five.
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It has been noted that as few as six sme waves with
independently fluctuating random phases will gave a fluctuating
resultant whose envclopc closely follows Rayleigh statistics and
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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 equal strength and a uniform
random phase. On the other hand, with Rician fading 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 mod‘.ls signals are factorised to
adjust the signal to noise ratio as required. MAI 15 generated as
an interference camriers of the same strength exactly as the
transmutted signal

3. PERFORMANCE OF UNCODED FCMA

The receiver of bmary FCMA recerves only two signatures or
two combs of discrete ﬁcquencws cach one rcprcsculs a binary |
or U l‘Viﬁa.llWllllC lllt, IVI bylllUUlb Ul ’\l Lﬂ)’ I‘blVL“\ dre e VLU as
M different signatures. The signatures of a particular receiver
have been chosen to be completely distinct whereas that of
different destinations may be either nonoverlapped o1 overlapped
in one or two clements of the signature. The overlapping criterion
for difterent recervers are assumed random.

In this paper, it was useful to model propagation conditions in
mobile satellite communications for difterent vatues of” Rice

factor K,. For instant, K, = 10 dB 1s often used to model

propagation conditions in 'h- land mobile case m nonshadowing

arcas, while K, =5 dB is similaily used to model propagation
conditions with slight shadowing.

BER

1.0E+00

1 0E-01

1 0E-02

1 0E-03

LOE-04 Lo i e
0 5 10 15 20 25 30

Signal to Noise Ratio Eb/No
Fig 2 Performance of Uncoded FCMA over Rayleigh Channel.

Figure 2 explams the performance (BER as a tunction of the bit
encigy-to-one sided nowse density ratio E,/N, dB) of uncoded
FCMA over Rayleigh channel. Figures 3 and 4 show the
performance  of uncoded FCMA for slow Rician fading channels
at K, =5 and 10 dB respectively  This have been achieved lor
1D IET

weal nonccherent demedulation at Af= 2.4,

observed [rom these figures that there is a certain threshold
region i the sense that a higher Af-ary system provides poorer
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Fig 3 Pertforinance of Uncoded FCMA over Rician Channel
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Fig 4 Performance of Uncoded FCMA over Rician Channel.



performance after that threshold as explamned in Fig.5. Thisis

due to the effect of MAI as expected A commnarison between the
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performance of Rayleigh, Rician, and AWGN for uncoded
FCMA is depicted in Fig 6.
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Fig.5 Regions of Error Performance of Uncoded FCMA
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Fig 6 Performance of Uncoded FCMA 1n Rayleigh, Rician, and
AWGN Channels

4. PERFORMANCE OF CODED FCMA

To develop an RS coded, define an RS code over GF(2"), where
each code symbol 15 mapped to a signal set symbol. The code
rate is chosen such that the rate of the coded scheme 1s the same
as the uncoded one The performance over fading channels usmg
the Berlekamp decodmg technique 1s conmdured. In order to
evaluate the bit error probability (BER) for block-coded
transmussion to fading channels, the following assumptions are
made (i) the data are coded by a systematic block code with
blocklength 7 symbol = mm bits (m bits per code symbol),
mformation length & symbols, and code rate R=k/u, (ii) in one
code block, ¢ symbol errors can be corrected, (1ii) the fading is
slow compared to the data rate, resulting n constant amplitude

during one code symbol.

Berlekamp’s algorithm is much more difficult to understand than
other algorithms (e.g. Peterson’s approach), but results in a
substantially more efficient implementation [11] The complexaty
of Peterson’s technique increases with the square of the number
of errors corrected The complexnty of Berlekamp’s algorithm

mncreases Imeatly allowing for construction of efficient decoder
that correct dozens of errors

Usmg these decoding algorithms all patterns of # symbol errors
can be corrected provided that 2r<d,,,-1, where d,,, 1s the
mimmum Hamming distance of the RS code. If for a received

code word this inequality does not hold, the decoder can not find
the corect codeword This event is called a decod mu forlure.

|
The peirformance has been computed using simulation techniques
when the receiver uses hard decisions on the received symbols.
Now the signal to noise ratio (EyN,) is scaled by the code rate
R=k/n as

E,

= R Logz(M) 3)

where #; is the cnergy per symbol Figure 7 shows Ey/N, as a
function of the number of mformation symbols, &, with (31, k)
RS hard decision dccoding, and BER =0 001 It shows that the
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code 1ate for AWGN channel, while the rate decreases for fading

channels as fading becomes more severe.
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i gure & shows the ncrtormancc of the o plin mum RS codes with
/\I -ary FCMA 1 Rician fading channel (K, =10dB). Table 1 lists
the optimum RS codes for the different uh‘mncls A comparison
between the code performance of the two codes RS(15,9) and
RS(31,19) m AWGN, Rician, and Rayleigh channels ts depicted
in Fie © Froure 10 presents the sienal to nowseratio K./N as a
n Fig9 Figure 10 presents signal to nowse ratio E/N, as a
function of the Rice factor K, at BER=0.001 It 1s observed that
the moumum Ey N, 1s achieved for AWGN and RS(127,79) code

while 1t 1s worse in Rayleigh and for the code RS(7,3)
BER
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Fig 8. Optimum Codes for FCMA over Rician Channel.



Table | Optnnum RS Codes, BER=0 001

B AWGN Rician Rayleigh
K, 0 10dB 5dB 0dB
M k| B k] BN k] EN] & EyiN,

symb dB symb dB symb dB symb dB

8 5 8 88 5 101 3 11.9 3 14

161 11 | 761 9 87 9 10 7 12.2
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Fig 9. RS Codes for FCMA 1n Rayleigh, Rician, and AWGN
Channels
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Fig.10 Eb/No versus Kr Required for BER 0.001.

Table 2 shows the results of coding gains for two of an oplimum
RS codes at BER=0.001 over the difterent channels

Table 2. Coding Gains for Optimum RS Codes, BER=0 001

RS(n,k) AWGN Rician Rayleigh
K, 0 10dB 5dB
RS(7, 3 01948 1dB 3 8dB 6.1dB
RS(15,9) 1.6 30 5.7 95
RS(31,19) 2.65 405 76 119
RS(127,79) 45 68 125 19

S. CONCLUSION

Smmulaton of the uncoded and codéd performance of Af-ary
FCMA  with  Reced-Solomon  coding  and  noncoherent
demodulation has  been presented for slow Rician-lading
chamnels (0 K,<o0)  The peformance of coded data
transnussion on Rayleigh, and Rician chunnels is considerably
improved 1f RS codes me used as shown in Figs.6 and 9. A
sunple RS code, such as RS(7,3) provides 6 1 dB coding gain at
BER=0 001 over Rayleigh channel which can be increased to
19dB3 using RS(127,79)  The worst case of fading channel
(Rayleigh) compared with AWGN has shown to degrade the
performance by about 13dB for uncoded 32-FCMA (see Fig.6).
However, the degradation of a coded system 1s only valid by §
dB (sce Fig9) Generally speaking, the gan of coding mn fading
channels are higher than a Gaussian channel (see Table 2) In
other words, 1t 1s found that RS codes offer particularly
Hnpiessive gain i fadmg channel. Tt can be noted that the results
i this paper should be useful in validating the results of
smmulation  studies, which are normally used to examine
pertormance when other impairments are considered
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