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Abstract: In direct-sequence wideband (DS-WB) systems, long spreading sequences are used
to span multiple symbol intervals in order to remove spectral lines and to mitigate multiple
access interference. The usage of long spreading sequences will result in a large search space
during acquisition stage. As a result, the DS-WB systems will need a lot of time to achieve
acquisition state. This paper proposes a combined acquisition scheme, known as Fast Serial
Search Sequential Estimation (FSSSE), which could be applied to the direct sequence spread
spectrum systems with long PN sequences. The proposed scheme is a combination of two
acquisition schemes which are the serial search acquisition scheme and the rapid acquisition
by sequential estimation (RASE) scheme. The proposed scheme gets the advantages of both
schemes while overcome their drawbacks. The mean acquisition time of the proposed scheme
is reduced 100 times compared to the conventional serial search scheme for PN sequence with
a period of 2'°-1.

Keywords: Direct-sequence wideband spread spectrum system - PN code acquisition - Serial
search acquisition scheme - Fast Serial search sequential estimation acquisition scheme - Rapid
acquisition by sequential estimation scheme.

I- Introduction:

In Direct-Sequence Spread Spectrum (DSSS) systems, the goal of code acquisition is to
achieve a coarse time alignment between the received PN code and the locally generated code
to an accuracy of a fraction of one PN sequence chip [1, 2].

Serial search strategy [3] is the most popular approach to code acquisition which correlates
the received and locally generated code sequences and then tests the synchronization based on
either the crossing of threshold or the maximum correlation. A threshold value is determined
depending on the signal to noise ratio at the matched filter output [2] and it may be adjusted to
the partial correlation [1]. A direct approach [4] for obtaining statistics of the code acquisition
time for serial search spread-spectrum receivers is presented. It combines algebraic
characterization of the search with transform-domain methods. This approach gives a very
deep insight into the nature of the acquisition process. This fact permits the author to propose
two alternate search strategies that outperform the conventional ones when the code
rewinding time is small in comparison to the dwell times. The serial search scheme has a
drawback of its relatively long acquisition time for long periods PN codes. A double-dwell
serial code acquisition system employing an adaptive threshold estimator is described and
analyzed and a general expression for the mean acquisition time is derived [5].
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The performance of a noncoherent [6], serial acquisition technique is evaluated for DSSS
communications. The output of a matched filter is sampled at twice the chip rate during
acquisition with the advantages of fast acquisition and less hardware. acquisition, and each
sample is compared with a fixed acquisition threshold. The effect of sample-timing error on
the acquisition performance is examined. A new scheme of PN code acquisition using FIR
adaptive filter is presented and it provides better performance than earlier designs of the
matched filter [7]. An acquisition scheme [8], named larger step and serial acquisition, of a
PN code for DSSS is introduced with a focus on the acquisition problem of long sequences
buried deeply in noise. This method is similar to the hybrid

Another approach for PN code acquisition is the recursion-aided rapid acquisition by a
sequential estimation (RARASE) [9]. This method is an outgrowth of the (RASE) method,
rapid acquisition by sequential estimation. In RARASE method, the known recursion relation
of the PN signal is used to determine if a short estimate of the state of the received PN signal
is probably correct and if, consequently, an attempt should be made to track that estimate. The
RARASE has the drawback of being highly sensitive to noise and interference signals because
the estimation process is performed on a chip by chip basis and as such makes no use of the
interference rejection capabilities of PN signals. However, it has the advantages of simplicity
and fast code acquisition.

For long spreading sequences, as the case of direct-sequence ultra-wideband (DS-UWB)
systems [10], an improved signaling format in which the final long spreading sequence used
is derived from the combination of two short sequences. According to the feature of the
proposed signaling format, a two-stage acquisition scheme is proposed and studied in detail.
Results show that the acquisition time can be reduced greatly with the proposed scheme.

This paper presents a new acquisition scheme to account with long spreading sequences that
are used in DS-WB systems. This scheme is a hybrid system that combined from a serial
search scheme and rapid acquisition by sequential estimation scheme. This system can be
expressed as: fast serial search sequential estimation (FSSSE) scheme, which carries the state
information of long period PN code generator over another short period PN sequence. This
scheme gets the advantages of both serial search and sequential estimation schemes while
overcomes their drawbacks.

The paper is organized as follows: Section II provides the basic principle of the FSSSE
acquisition scheme. Section III describes the implementation and operation of the acquisition
scheme. Section IV drives its performance. Section V shows the results. Section VI gives the
conclusion.

I1- Basic Principle of the FSSSE Acquisition Scheme

One can synchronize two linear feedback shift register generators of the same structure by
loading the same initial states in the two shift registers at nearly the same time. So, if we can
transmit this initial state and estimate its values at the receiver side, the system can acquire
synchronization in a fast manner. In order to do that, one should solve the problem of how to
transmit the initial state of the code generator in practical low signal to noise ratio and then,
how to correctly estimate this initial state at the receiving side. The proposed FSSSE system
can solve these problems.
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Acquisition strategy in FSSSE system is achieved in three steps. First, a short period PN
sequence, known as synchronization sequence, is synchronized in a very short time due to its
short period. This synchronization sequence is used as a carrier for the initial state of the main
long period PN sequence. Second, the initial state of the main sequence is estimated out of the
synchronization sequence. Third, the long period PN code sequence is finally synchronized by
applying the estimated initial state to the long period shift register generator at the receiving
side. The operation of each of the three steps takes a relatively very short time in a low SNR
environment so that, the overall acquisition time becomes very short comparing with either of
the two individually working schemes.

I11- Implementation and Operation of FSSSE Acquisition Scheme

The data to be transmitted is spreaded by a main long period PN code sequence. The
spreading long period PN sequence it self is spreaded by another fast short period PN
sequence, which can be considered as a carrier signal for the long PN code sequence. The
basic building blocks for the transmitter module are shown in Fig.1

At the receiving side shown in Fig. 2, the locally generated short period PN sequence is firstly
synchronized using a serial search acquisition scheme because it is more practical in a low
SNR environment. When the system achieves synchronization for the short PN sequence, the
state signal is estimated and loaded into the long code generator to perform synchronization of
the long PN sequence using the RASE scheme. As the two steps take very short times then,
the overall system acquisition is achieved in a relatively short time.

Input Data
» Mixer | — 5
Data spreaded signal
Long PN code T
generator  State signal
Mixer >

State spreaded signal

Short PN code 5
generator

Fig. 1 Transmitter block diagram.
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IV- Performance of FSSSE Acquisition Scheme

Because the FSSSE scheme is a combination of double dwell acquisition scheme (serial search
strategy) [3] and RASE scheme [9] so, the average acquisition time of the all system is obtained
by averaging the acquisition times of the two schemes.

Double dwell acquisition scheme is one of the fastest serial search strategies; it depends on
using two different dwell (integration) times. The first one is the shortest time and therefore it
results in a high probability of detection Pp and a high probability of false alarm Pga. So, this
allows neglecting unsynchronized cells rapidly. The second dwell time is longer with low Pp
and low Pga, these results in a reduction in the overall acquisition time.

It can be shown that the performance in terms of the average acquisition time T xq and the
acquisition time variance csacq2 for the double dwell acquisition scheme is given by [1, 4]:

T acq :m , (1)
2P,
— 1 1 1
o’ :z'z == 2
acq dq 12 PL2 PL > ( )

where P = Pp; Ppy, q is the number of cells to be tested q =2 N, N is the PN code length N=
2"-1, n is the length of the shift register, and Pp;, Pp, are the probabilities of detection for the

first and the second dwell times respectively. The average dwell time T4 is given by:

Ty =74+ T4yPea +TpPFA1PFA2 5 (3)
where 141 is the first dwell time, T4, is the second dwell time of the scheme, and Pra; ,Pra> are

the probabilities of false alarm for the first and second dwell times respectively. The total
penalty time is given by:

Tp: K T2, (4)
where K is the number of penalty times.

The mean acquisition time for RASE scheme is evaluated as follow [9]. Let p denotes the
probability of correctly estimating a particular received symbol; this probability is a function of
received SNR. The probability of correctly loading the shift register of length n in a single trial
is p", and the probability of an incorrect shift register load is 1-p". The probability of obtaining a
correct load on the k ™ trial is given by:

p.()=p"(-p")" (5)

The average number of trials required to achieve a correct load is:

k=Ykp, () . (6)
k=1

E:kzu:kp”(l—p”)k_1 , (7)
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Using the substitution q=1-P" and m = k-1 along with the identity

n__a q (8)
Z(a+m)q (1—q)+(l—q)2 4
Finally, the average number of trials required to achieve a correct load is:
[ )
p

Each shift register requires nT, seconds plus T, (verification time) seconds to evaluate the
correctness of the load. Ignoring the possibility that a correct load could be misidentified as an
incorrect load, the time required for each trial is (nT +T.) and the mean acquisition time for
this system will be:

nT, +T,
p"

Where T, is the chip period and T, is the verification time or the examination period.

T, =k(nT, +T,) = (10)

Finally, the over all average acquisition time of the FSSSE scheme is the summation of the
average acquisition times of the double dwell acquisition scheme and the RASE acquisition
scheme.

Tacq =[(2-PL)q Z /2PL]+[(nTc+Te)/Pn] . (11)

One should notice that in FSSSE acquisition scheme, the first step of acquisition, using the
double dwell acquisition scheme, is done using a short period PN sequence (initial state
carrier signal) instead of the long period sequence and hence, the average acquisition time is
highly reduced specially in a low SNR environment.

V- Results:

The performance of the FSSSE acquisition scheme is obtained in terms of average time to
synchronize as a function of SNR, taking into consideration the presence of AWGN. The
obtained result is compared separately with each of the double dwell serial search acquisition
scheme and the RASE acquisition scheme for the same code length.

Fig.3 provides the average acquisition time of the double dwell acquisition scheme, the RASE
acquisition scheme, and the FSSSE scheme as a function of SNR. From the figure one can
notice the following:
1- The average acquisition time of FSSSE scheme has a comparable average acquisition
time with the RASE acquisition scheme at moderate to high SNR.
2- The RASE acquisition scheme has a low acquisition time at moderate to high SNR.
However, this system is not working at low values of SNR.
3- The average acquisition time of FSSSE scheme is much less then average acquisition
time of the double dwell acquisition scheme that works individually.
4- The FSSSE acquisition scheme provides the lowest average acquisition time when
working in a low SNR environment.
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Fig. 3 The average acquisition time of the double dwell scheme, the RASE scheme, and the
FSSSE scheme as a function of SNR in [db].

VI- Conclusions:

A proposed combined acquisition scheme for direct sequence spread spectrum known
as fast serial search sequential estimation acquisition scheme has been proposed. This scheme
gets the advantages of both serial search acquisition scheme and RASE acquisition scheme,
while overcomes their drawbacks.

The FSSSE proposed scheme provides the lowest average acquisition time, especially
for long period PN codes under a low signal to noise ratio working conditions, when
compared with each of the double dwell serial search acquisition scheme and the RASE
acquisition scheme that work individually.
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