Error Probability of a DS/SSMA System with
Hard-Limiting Correlators
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ABSTRACT

[ this paper the performance of 4 DS/SSMA systern with hard-limitig correlation receivers is analyzed over
nonselective Rician fading channels with impulsive noise. More specifically, computation of the average bit-error
probabilities of the DS/SSMA system has heen accomplished in this paper by exact computation for short spreading

sequences and by approximation for long spreading sequences.
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{ . tntroduction

In several previous studies [e.g., 1-3], the per-
formance of DS/SSMA communication systems has
been investigated in a variety of circumstances
under which we have, for example, Gaussian ne
1se and fading channcls.

In many practical communication problems, the
usual Gaussian nejse assumption sometimes be-
comes Imadequate, For instance, the impulsive com-
ponent of the interference in several communi-
cation porblems has been tound to be significant
and thus may not be ignored in such cases. In [2]

a hard-limiting correlation receiver is considered
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as an alternative to linear receiver for reception
of transmitted signals, and Lhe performance
of a DS/SSMA system with hinear correlation re-
ceivers 1s analyzed in (3] when the channels show
nonsclective fading and impulsive nose charac-
teristics,

In this papcr, we will consider the multiple-ac-
cess model and use a DS/SSMA system which
miakes use of hard-limmting correlation receivers,
as an extension of the studies considered in {1-3],
An expresston to compute the exact bit error pro-
bability of the DS/SSMA system using hard-lim-
iting correlation recetvers in ampulsive noise is
derived to analyzed the performance of the sys-
tem for short speading scquences over nonsele-
ctive Rician fading channels, We will then obtain

an appriximation to the bit error probability for
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long spreading sequences,
I[. The system and channel model

Let us consider an asynchronous system which
allows A users to share a common channel, for
which the transmitted signal modulated by binary
phase shift keying (BPSK)} for the k th user s

selt) = Rel 2P, bt aitlexp(fo)exp(jwet) )
()

In (1) Py is the power of the k th transmitted sig-
nal. w, 1s the carner frequency, and & is the ph-
ase of the k th signal. The data signal &,(¢) con-
sists of rectangular pulses V4(#) of duration T
which takes on values +1 and ~1 with equal pro-
bability. That 1s,

b= 6% vit—mi), (2

w— -

where 4% € { =1, +1} is the m th data bit of the
k th user. The code waveform ax(#) generated by
a spreading sequence assigned to the k th signal
is

ad) = 3 d¥ Velt—jTo), (3)

v

where T, is the chip length and the sequence (a'}"!
is a periodic sequence with period N=7/7, for
each a',"' €{—1. +1i. Here ¥ is also the number
of chips.

The received signal 7{Z) at a given recejver
over nonselective Rician fading channels with im-

pulsive noise can be expressed as
3

=% nll—u)+ns), (4)
k-

where, for IT<t<{{+1)T and k=12, -, K,

i (8) = s (8) + 2 bl ad )Y !

cos{w- 2+ 0 o), (5)

n{?) represents the channel noise, and ) is the
delay of the k the signal. The attenuation of the
stgnal due to the fading is represented by ¥, 4,
and 1the phase shift due to the fading is denoted
by 0. Here, the attenuation parameter ¥y is a non-
negative number, the nonnegative random vari-
able .4} satisfying the normalization constraint F
(1717} = 1 is assumed to have a Rayleigh distri-
bution, and the phase shift ¢F is assumed to be
uniform over |0, 2n]. We assume that ¢ - 0 and
7= (),

The first-order probahility density function (pdf}
of the noise sample »; is

£, () = (1) Alx) +efiln), (6)

where e€{0,1] and £ and £ are the pdf of nom-
nal and impulsive components, respectively. This
model is called the e-mixture noise model [1].
The ratio of the vartance of impulsive component
to that of the nomtnal component, defined as "=
o /oy . is usually assumed to be in the order be-
tween 1 and 100 [4].
The test statistic Yy in Figure 1 1s

AR | L
Yo=Y 2V - ¥ &' seniz)), (7)

where sgn( ) denotes the signum function,

Assuming equally likely bit polanties, the average
hit-error probability using the test statistic of (7)
can be written as [ 2]

Y2018, = —1]

Fe=

to | —

2 P lyy<018, A1, (8)

Qur statistical assumptions on the multiple ac-
cess interference are as follows. The variables &%
1

(bl_k|'. b..:k'). T, (ﬂkél‘)‘:‘_(r)‘- %, .I}kl. and (}‘,fkl, 2<

k< A, arc mutually independent random variables
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Figure 1. The DS/SSMA hard-limiting correlation rece iver

with 1 ~0(0, 7] and @~ U[0, 27]. 1t is assumed
that 4./, —w<m<+«, is a sequence of inde-
pendent data bits for each k and that £,(8,*' =
—1)=045,%=+411=1/2 for each k and m We
also assume that the above random variables are
independent of the channel noise and of 8,/" for
all m.

f. Analysis of the DS/SSMA communication
system

3.1 Single user case
The noise samples can be expressed as

. G+ DT
;=1

[N
R

n(t)cosext di, (9

where the noise samples, n,. #,. . #y_,, are as-
sumed to be independent and identically distnbu-
ted (i.1.d.) random variables with mean zero and
variance NoT:/4.

Since sgn{x}e -], +11i, the test statistic ¥v
is an odd integer assuming that N is odd. Because
of the symmetry of the system, P for the hard-
limiting correlator can be written as

Pe=S Priy.=mlb"V=—1]. (10)

When & =1 (single-user), it is easy to see that the
random variables (¥ v+ XN)/2 is binomially distribu-
ted under either bit condition, Therefore we have
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Figure 2. Single-user error probability over nonselecti-
ve Rician fading channels with the £ mixture
noise, N =31,
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Y pa-pne, (1

where pa 71 )" — 84" 2 1] wath
al_]ln:

- .-/"}»-' (12)

vl’.[Z 1:'

and

- 1
Oy Y14y

costy. {13)

In Figure 2 we plot the single-user performance
{11} for several channels when v =31. 1 is seen
that the performance over fading channels becomes
worse as the effects of fading becomes larger. It
is also shown that the average bit error prob
ability decreases as the contnbution of impulsive

noise increases at the same S\VK.

3.2 Multiuser case

From the symmelry of the system, it follows that
the average bit-error probability for the receiver
can be written as, using (&),

R

Po=EL Y PAYy=2m—116"=—1b140. .01
(14)

where &= (5", b, 8", b, <, 88 &), 1=
(o, T4, =, tx), $=1{gs, &y, . B0), 0= (0] 07,
e 0,05, and A= (A, L e AN AR

It is straightforward to see that the quantity
{Yv+A)/2 has a multinomial distribution which
is related to Bernoulli trials with vanable proba-
bilities. The probability of Y= st for odd »f's be-

tween | and N can thus be written as

N+m
2

PLYx=mldV =1, p.]=q(N, Y, (15)
where ¢(j, n) denotes the probabiiity that = of
ZM" Z0 . ZIY are +1's and satisfies (5] ¢,
n)=p;glj—L n—1)+{1—p; )ql;—1, n) with
b, denoting the probability that the 7 th input of
the accumulator is +1:i.e., p, AP L2} =+118"

=—1, gl for =0, 1., N -1, where p, is used to
denote the collection of the random vanables {6,
@01

Now the probabilities p,, 7 —0, 1, -, ¥—1, ¢an
be written as [6]

p=rrin 1 ) =8 211 p], (16

where the jth sample 1‘,-“(9,) of the interfercnce

1S gIven as
5B
I',-“(p;)=a",-“.}_’ % (BUj, maak, |w
+ B, mda AT — w) . (17)

In (7)), wAwe—mele, m A [u /T & AP/ Py,

Hi-1) 0= j<m.

H(j.mdéi . .
H{) mH1=j<N-1, {18}

and

. 5L, o) my # 7

B, mud A ) ) )
2R g = (19)

where

Hiny | cosde +¥e 1% cas(0 + g 118 (20}

Starling from (16) we first calculate g{-,-),
which is then used to evaluate the exact value of
the average bit-errar probabilities of the hard limi
ting correlation recciver over fading channels with
impulsive noise from (14) and (15),

Let us consider the two user case cmploying
the max-SNR auto optimal least sidclobe energy
{AQ 1.8E) scquences chosen from |7, Figure A
1]. In Figure 3 we plot the average bit error pro-
bahilities obtained by simulation using {14) ver
sus SNR for several channels under the assump-
tion that the two users have the same power
when N =231. The effects of fading and impulsive
noise on the performance are similar to those for
the single user case. Figure 3 clearly shows the

effects of adding a second uscr are more substan:
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Figure 3. Two-user error probability over nonselective
Rician fading channels with the € mixtureno-

ise, N=131,

tial for high SNVR,

3.3 Binomial approximation
We can approximate the multinomial distribut-
ion by binomial distribution for large values of N

In particular, let us approximate (14} as

P EL E\ _ ( ) qi{1=g)¥ 7| p,l, (21)

where ¢, is the “success” probability associated with

the approximating binomial distribution. Thus we

have

N

m=% E Prig) s =21-11] (22)

Using (6), (12), and (13), and noting that 3;" is a
Gaussian random variable, g is given as

(1)

S U= 1-1
=~ L 01 e)Q[————;—“ﬂZ ]
-1
[y S—
rol pamm @

Qx) = \/ﬂ r: exp{ I—} dy, (24)

and

.' _ ]\!l}]\,
2EY (1 - e+ e0?)

(25)

As we can see from Table .1, which is obtained
when K=2, e=10.01, #°=100, and SNR:=8dB, the
value obtained by the approximation (21} is closer
to the exact value as the number of the chips be-
comes larger or as the fading becomes less im-

portant.

Table ). Binomial approximation to the average bit-er-
ror probability when £ =0.01, ¢* =100, SNR=

8.0dB, and K =

(¥ [ [ n-is [ =0l [ Ao
o || 335 | 43wes | 70725
Pe 5.0006—6 6.617e-6 1.091e-5 B

rr 1.967e-6 2.448e 6 3.701e-6

63 B 4.6558-?4 5.584e-7 8.043e-7

107 f’ 2.300e-7 2.714e-7 3.690e 7
I 8.770e-8 1.002e-7 1.3(}56-74
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V. Conclusion

In this paper, we investigated the performance
of a DS/SSMA system with hard-limiting corre-
lation receiver over fading channels with impul
sive noise,

We first considered the single-user performance
of the hard-limiting correlation receiver. An ex-
pression for the average bit-error probability was
obtained.

The two-user performance of the hard-liming cor-
relation receiver was then considered as a special
case of multiuser performance. Based on an ex
pression for the average bit-error probability of
the hard-limiting correlation receiver, we calcul
ated the average bit error probability n various
cases of fading, impulsive noise, and multiple-ac-
cess interference,

The performance of the hard-limiting correlat-
ion receiver was shown to be generally better
when the noise is more impulsive, The effects of
fading on the performance was shown to be more
clear for multiuser case than for single-user case,
Multiple-access interference was clearly shown to
degrade the performance considerably.
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