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Abstract— A maximum a posteriori probability (MAP) code in terms of synchronization performance, was not yet estab-
acquisition scheme is proposed which utilizes all the available |ished. Using data and timing estimates of already synchro-
information by exploiting stochastic properties of spreading ;a4 ysers, which are available at base station, multiple access

codes. Application of this method shows: i) code acquistion . s
superiority of Bologna codes (Markov codes having eigenvalue of interference (MAI) can be cancelled before code acquisition

the transition probability matrix \ = v/3 — 2) over independent (S€e Fig. 1) thus improving timing accuracy [10]-[13]. In
and identically distributed (i.i.d.) codes in chip-asynchronous [10]-[12] coventional code acquisition is performed after MAI

multi_user systems, when a(_:quis_ition time is fixed and ii) com- cancellation. We proposed a scheme basedaquosteriori
parsion of Markov codes with different values of A shows that  ,ropapility calculation for chip-synchronous systems in [13]
code acquisition performance is best for Bologna codes. . .
and for asynchronous systems in [14]. The method proposed in
[14] had a flexible acquisition time without any upper bound
and the stress was on acquiring signal with a theoretically

It was reported in [1] that bit error rate (BER) performancguaranteed minimum prObablhty of correct achiSition. In
of Bologna codeswas superior to i.i.d. random codes as wefertain practical applications, acquisition has to be performed
as Kasami and Gold codes in singleuser asynchronous @fer a fixed time. In such case, MAP algorithm proposed
this paper the term asynchronous implies chip-asynchrondiighis paper will be more suitable. Conventional acquisition
systems) direct sequence (DS) CDMA systems. This resgfhiemes show performance to be independent of code type.
was supported by several following papers [3]-[5]. Howevellowever, we apply proposed algorithm for both Bologna
all these contributions assumed that synchronization betwedl i..d. codes and the computer simulations’ results show
the transmitter and receiver has already been established. ftigder correct acquisition probability for Bologna codes. The
process of synchronization comprises of code acquisitid?foposed method has also been applied for acquisition of
by which time delay between received signal and localylarkov codes having different values of (eigenvalue of
generated signature waveform is brought within a fraction &@nsition probability matrix). Computer simulations show that
a chip, and tracking, which performs fine-tuning and delagerformance of Markov codes having = /3 — 2, ie,,
is further reduced. Code acquisition is of crucial importandgologna codes is superior to others.
in DS/CDMA systems. Spreading code sequences have noise- Il. SYSTEM MODEL

like properties so correct demodulation is not possible if syn- . . .
chronization is off even by one chip. Thus, performance of aCOnSIOIer a baseband DS/CDMA system with spreading

DS/CDMA system depends both on BER and synchronizatiJﬁCtorN andJ users. Lefl. be the chip timen(t) be additive

Without comparing the synchronization performance it was nWthlte Gaussian noise. Data and SS code signastiofuser
possible to declare whether Bologna codes were better t X

I. INTRODUCTION

i.i.d. ones. Synchronization issue was discussed in [6] and [7] >
1.d. . J — J —_
using conventional acquisition methods and performance was a(t) = _2: dyur(t = pT), (1)
observed to be unaffected by type of code in singleuser case. p‘;”
Multiuser detection (MUD) schemes can significantly im- Xit) = Z XguT (t —qT.), )

prove BER performance of CDMA systems [8]. In [9], using 4= —oo

a parallel interference canceller, BER performance of Bologneh N_1lfor0 <t<D ) — 0 otherwi d
codes was shown to be better than i.i.d. codes in asynchron se);?“D( )1_ ) OrTh v <iv éuﬂ])ﬁ ic\)/ neri\J/wse an
environment. Superiority of Bologna codes in MUD systemsp’ ¢ € {+1,-1}. The received signal is given by

J
1This fact was pointed out by researchers from Bologna university, thus, 7 (t) = Z d(t —t) X7 (t — t;) +n(t), (3)
Markov codes having\ = v/3 — 2 are referred to as Bologna codes [2]. j=1
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wheret; is the the time delay of-th user. We have assumed.et p = |(n —t;)/N | wheren meansn-th time instant,l <
a coherent receiver and all users are transmitting with eqyak K, j # ¢ and

powers. LetT denotes the time period of one data symbol a 5 y .

such that7' /T, = N andT. = 1. Purpose of code acquisition My = {chfrf 7 dp, 1 <j <K} 9)
process is to find the code chip corresponding to time dglay My, = {ld) . #d) 1,1 <5 < K} (10)

where0 < t; < T. Components of data sequence are assumed , .
. o . . ; o%, denotes subtracted correlator output variance corre-
to be equi-probable, i.i.d. binary random variables i.e., Prob, ~ 1. L . )
sponding to synchornization chip aﬁ@,U denotes the variance

(d = +1) = Prob. (d; . 1) 1/2. Code Seql.JenceSotherW|se, it has been shown in [14] that
are generated by mutually independent Markov chains whose
components are equi-probable. Afbe the eigenvalue, other o}, = 0F(L — 1+ 2m), (11)
than 1, of transition probability matrix, for < i,j < J and 9 9 5
n,m >0 OHy = 0H, +0og. (12)
i wherem = |M; |+ |M:| (JA] means cardinality of set) and
Exi[X;]=0,

0 < m < 2K from independence of data.
Civivg1 M= From [14], expectation of normalized MAI with respect to
E‘X"X-7 [XnXm] - H (4) . P . . .
’ 0 otherwise , codes isEx 157 /v/N| = 0. Regarding; to be uniformly dis-

tributed between-1/2 < ¢; < 1/2, expectation of normalized

Where Ezl] dgnotes expec?a'ltmn with respect to the dIStrEelf—interference corresponding to synchronization chip is
bution of Z. It is clear that i.i.d. codes may be regarded as

a special case of Markov codes whan= 0. SupposeZ} Exr [qu/ﬁ] _ 3+)‘\/N (13)
models thei-th correlator’s outputitth user is target user) at e 4 ’
time instantn. Then, ignoring channel noise and corresponding to the non-synchronization chip is

, nTo+T , , g Exr[Si/VN]=0 as N — o (14)
AR / r)X (t-nT)dt =S, + Y I (5)

T, Py where T; is a random variable fot;. Normalized correlator

_ . . output Y, = Z!/v/N (superscripti has been ignored for
The correlator output is composed of desired signal plus sedfmplicity) follows density functionsfx, (y; c%,) whenn is
interferences;, of i-th user and MAIZ}7 due to thej-th user. the synchronization chip angl, (v; o};,) otherwise, given by

1 1
IIl. PREVIOUS RESULTS Fr, (Y3 07,) = 5 00T (y; 1, 071, ) 5 NOF @5 1,037, ), (15)
Let J be the total number of users in the system out of

2
L2y ) A2
which, K are already synchronized aridare new users yet /o (¥; 911,) = nOr (y; 0, o3, (16)

to be synchronized. Using SS cod&$, data estimated’ and where,y is a realization o, nor (y; u, o) = 1/v2r02 exp
timing estimates; of already synchronized usets< j < K, —(y — u)?/20%), 0%, is given by (11),0%. by (12) andu
their signals are subtracted from total received signal and ¢ (13). ' 0
residual signal is

IV. ACQUISITION METHOD

s(t) = r(t) — i CZj(t — )X (t 1), 6 Code acquisiti'on. is a hypgthe;sis tesFing problem where

o correct hypothesis, i.esynchronization cell is denoted ag{;

while others, i.e.hon-synchronization cells as H,. Correla-
Assumet; = t; i.e., perfect timing estimates. Any error intion is performed between the incoming and local signals
data estimation of already synchronized users will increaf® different chip delays and a function, known as detector,

variance of correlator output. declares hypothesi#;. Then code tracking loop is started to
It has been shown in [3] that in asynchronous systerachieve fine tuning. In one type of conventional acquisition
variance of normalized MAI per user is methods, correlation values for all chip delays are stored

) in memory and the chip corresponding to highest value is
— E.M, 7) declared ag;. In the other type, an energy detector compares
3 1-N each value of the correlation function with a threshold; if

where E, denotes expectation with respect to data. Expncﬁpund greater, acquisition is declared otherwise, next correlator
expression for variance of normalized self-interference is giva@iytPut is examined [15]. In both cases, only the information
in [16]. However, if we average that variance over time, if current chip is used. Other chips which have already been

non-synchronization chip, it can be regarded as one more ugégmined and found to by, if their information is exploited,
contributing to MAI. Thus, acquisition performance can be improved.

Let b(n,z,p) denotes a binomial distribution defined as

(8) b(n,z,p) = ( "

Ep[Varx[Iy /VN]] = o}

2 1+ A+ A2

x (1 —p)"*p®. Then, at a particular chip
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interval, probability of m synchronized users having dateg+|
estimation errors i$(2K, m, p) (from independence of data),
wherep is the BER of synchronized users. When acquisitic
starts, synchronization chip is uniformly distributed with prob
ability 1/N. After observing correlator output at time instan
n, when k-th chip is the synchronization chip, conditiona
probability of corresponding chip beinff; is given by the
following joint density function

oya )= I AmGlmx [ Am|m)

t=0 t=0
t#k mod N t=k mod N
a7
where
Yn = Y0, Y1, -5 Yn—1
2K
A, (y | m) =" b2K,m,p)fu, (y;07,) (18)
m=0
2K
Any(y | m) =Y b2K, m,p) fu,(y; o, )- (19)
m=0

Strictly speaking (17) requires independence, which is true for
the chip-synchronous case, but in asynchronous system, corre-
lator outputs will not be independent. However, for sufficiently
large integerNJ (N is codelength and/ is the number of

users), covariance is very small which is neglected and (17)7§: 2

L new users

K synchronised
users

Fig. 1. Base station model using MAI cancellation
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Two correlators operating independently with time difference of

0.5T¢

applied for both i.i.d. and Markov codes. Furthermore, it was
observed that in asynchronous case, sampling once per chip,
sometimes it was not possible to detect the synchronization

chip. Sampling more than once per chip would introduceM

correlation and evaluation by (17) would be inaccurate. Thuss
two parallel correlators operating independently with a time

difference ofT./2 (see Fig. (2)) are used. After a fixed time
(17) is evaluated for correlator 1 and correlator 2, for ea
possible delay and MAP algorithm will declare the chip havin
maximum value ad7;.

C
valu

SIMULATION RESULTS

Computer simulations are performed with spreading facto[rl]
N = 63, new userd =1 and already synchronized users
K =10, 20,..., 40. Code acquisition is declared after two
data periods in the favour of chip having maximum value
given by (17). The channel is assumed to have a singl[é]
path. Knowledge of system BER is required which is given
by the Q-function of SINR (signal-to-interference and noisd3l

2

ratio) whereQ(z) = # JF . exp (%) du. i.i.d. codes are
generated by one dimensional chaotic maps proposed in [1#!
Fig. 3 shows that correct acquisition probability of Bologna[5]
codes is always higher than i.i.d. codes and the performance
difference increases steadily with the number of already
synchronized users. We have also performed simulations f
Markov codes having different values of and results are
presented in Figs. 4, 5, 6 and 7. It can be seen that in all
cases correct acquisition probability is highest for /3 —2
showing the code acquisition superiority of Bologna codes.
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V. CONCLUSIONS
AP code acquisition in asynchronous MUD system shows

Uperiority of Bologna codes over i.i.d. codes when acquisition
time is fixed. Furthermore, performance of Bologna codes is
fRund to be superior to other Markov codes having different

es of \. We have considered a simple channel model

gonsisting of a single path. The more practical case of multi
path channels will be considered in future research.
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