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I. INTRODUCTION

In deriving the capacity of a direct sequence spread spectrum
(DS/SS) multiple access system using the bit error rate (BER)
[1], it is assumed that the receiver has already achieved chip
synchronization with the spreading sequence used. In the ab-
sence of any other timing information [2] the acquisition based
capacity, that is the maximum number of users that can be
transmitting data while one or more users are achieving chip
synchronization is also very important. It has been found that
asymptotically, that is as the length N of the matched filter
used to achieve the synchronization tends to infinity and pga
the probability of acquisition failure tends to zero, the acqui-
sition based capacity is upper bounded by z,ﬁ’ +» hence forth
denoted as Jasymp. However, this bound Jo.ymp is not tight
for finite N [2]. In fact for a specified pso and N, the ac-
tual maximum number of users can be orders of magnitude
lower than the predicted Jasymp. Thus, from a practical point
of view the asymptotic bound is not very useful for a given
problem at hand. In this paper, we formulate the acquisition
based capacity for a specified pso and N.

I1. BACKGROUND

Consider the standard model {1, 2] for a DS/SS system with a
total of (J + 1) users Without loss of generality say only one
user, user one, is trying to achieve chip synchronization. For
the simplicity of analysis, we assume that the frequency and
phase of the carrier have been determined exactly and that
the carriers of all the users and their chips are synchronous.
The receiver is assumed to be a matched filter of length N, the
filter coefficients being given by signature sequence of the user.
Synchronizationis said to be achieved if the receiver matched
filter synchronizes with user’s the signature sequence. Let 7
denote the unknown delay by which the matched filter is out
of sync with the signature sequence. For the purpose of our
analysis, we consider that 7 takes integer values between 0 and
(N —1). Let the matched filter output at time 0 < n < (N-1)
be denoted by Y,. Consider the one-shot acquisition scheme
wherein the detector ignores the output of the matched filter
once it exceeds a threshold 5 < 1.

III. COMPUTATION OF THE MAXIMUM NUMBER OF
USERS

Define events 4 = {U7Z}Y, > 5} and B = {¥; <
and the probabilities; py = probability of false alarm =
Pr{A}, pm = probability of miss = Pr{B} and ps, =
probability of acquisition failure = Pr{A U B}. We assume
that the signature sequence is composed of Bernoulli random
variables taking the values +1 and -1 with an equal proba-
bility. This assumption is commonly made in the analysis of
DS/SS multiple access systems [1, 2]. Now consider the prob-
lem of finding Jmaz, where Jmaz = mazJ;{psa < o} It
is very difficult in general to compute the py, as a function
of J since {Ya}n-g are not independent. Hence, instead of
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computing Jmax, we have considered the simpler problem of
finding J, where

)
Evenﬁthough J < Jmaz, from the simulations it can be seen
that J does give a good estimate of the maximum capacity.
Employing the union bounds for large J (2], py and pm can
be expressed as a function of J and 5. Getting rid of 5 yields
2

J = N/(Q“(%) + Q7 (pm))” ; Q(-) being the error func-
tion. Now maximizing J with respect to p; and py, under the
constraint in equation (1) yields for @ < 0.1, py = pm = /2
and J = N/(Q M (55) + Q7 ()5 1=1-(F)3Q7 (pm).
Asz — 0, Q7'(z) — (~2In(z))% , hence as N — oo,
J — Jasymp, the asymptotic result obtained previously[2] for
a synchronous system.

J =mazJ;{psa < ps +pm < a}

- IV. SIMULATION RESULTS -
The J is a function of N and o. Hence to verify whether J is

a good bound for Jinaz, simulations are performed by fixing
one of the quantities and varying the other. In the figure
below, the o is kept fixed and the psa obtained by simulations
is plotted as a function of N for a system containing J + 1
and Jasymp + 1 number of users. As can be seen, in all the
cases, the asymptotic bound predicts much larger numbers for
Jmaz. Also, the false alarm probability for a system containing
J users is very close to the desired false alarm probability.
Similar simulations for fixed N = 512 and different values of
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a, show that the ps, resulting from J users is close to the
required false alarm probability o. The J thus gives a much
tighter bound for Jmaz for finite N and non-zero a.
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