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Abstract: This paper studies code synchroniza-
tion in time hopping (TH) ultra wideband
(UWB) systems. In TH UWB systems, narrow
pulses based on Gaussian pulse are positioned in
different locations in consecutive time frames.
The location of each frame is defined by a
spreading code. The receiver collects the energy
of the pulses using the same spreading code. To
be able to do that, it has to synchronize itsdlf to
the incoming signal. Due to the large bandwidth
of the signal, several replicas of the signals ar-
rive into the receiver. Thus, the energy of the
signal is spread in time domain causing extra
problems to the synchronization procedure. In
this paper, earlierly proposed method for direct
sequence spread spectrum system is applied for
time hopping system. The method issimulated in
a multipath environment. The performance
measur e used is the mean acquisition time. Con-
stant false alarm rate criterion is used for the
threshold setting rule for comparator. The ener-
gies of the multipath components are combined
in the acquisition process. Therefore, diversity
combining is obtained in the acquisition process,
which also leads to performance improvement.

1. INTRODUCTION

The most important task in a communication
system receiver is synchronization that can be
divided into severa levels. carrier, symboal, bit,
frame, and network [1]. Spread spectrum sys-
tems, like code divison multiple access
(CDMA) and UWB-systems, need in addition
to those code synchronization in which the re-
ceived spreading code and recelver used
spreading code are forced to the same phase.
Otherwise it is not possible to despread the sig-
nal at the receiver, and thus the data detection
doesn't succeed. Code synchronization is per-
formed in two steps: acquisition (initial syn-
chronization) and tracking (fine synchro-

nization). This work discusses the first one in
UWB system.

UWB systems use very large bandwidths,
and therefore, received signal includes dense
multipath profile having many components [2].
From the point of view of the code synchroni-
sation, this phenonem causes problems: the en-
ergy of the signal is spread over several paths,
and the energy of each path is very low. There-
fore, the paths are difficult to acquire. Depend-
ing on the receiver structure, a number of paths
should be acquired.

The UWB system described here employs
Time-Hopping (TH) baseband signal composed
of very short pulses. Data modulation is
neglegted. Recently, an algorithm called chip
level post detection integration (CLPDI) was
proposed for code acquisition in direct se-
guence CDMA systems [3]. The method is
suitable for synchronisation in multipath envi-
ronments. In this work, the method is applied
for time hopping UWB system due to nature of
UWB signals and performance is evaluated by
aid of computer simulations.

The paper is organised as follows. In
section 2, TH-UWB system model and meth-
ods for synchronization are presented. Section
3 describes the simulation model. Section 4
gives the simulation results and conclusions are
givenin Section 5.

2. SYSTEM AND SYNCHRONISATION
MODEL

2.1. Time Hopping UWB System

Time hopping UWB systems are generaly
based on impulse radio concept [4]. The idea of
asimple TH-UWB concept is presented in Fig.
1, where the pulse width is expressed as T, and
pulse repetition interval (time hopping frame)



as T;. The time hopping instants depend on the
pseudo random (PR) time hopping code. Time
gaps between the consecutive pulses are also
random due to the PR code. The length of the
PR code (M code phases) is in genera inde-
pendent of N, which defines processing gain of
the system by introducing the number of pulses
used to transmit one data bit. In TH mode the
duty cycle Ty/T; <100%. The data rate is in-
versely proportional to the number of pulses
used to transmit one symbol and also inversely
proportional to the frame length. Bit rate R, of
TH-UWB system can be defined by

T, NT; (D

In TH systems, users are separated using
different PR codes. In aframe, there are M pos-
sible transmission instants, so M users can be
allocated into the system without creating inter-
ferencein idea conditions.
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Figure 1. The idea of time hopping system con-
cept.
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In time hopping mode (TH-UWB), the
modulated information signal s(t) for the m™
user can be presented as [5]
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where dy is the k™ data bit (always 1 in this pa-
per), (Cw)j is the j™ code phase defined by the
spreading code c(t) and w(t) is the pulse wave-
form. The pulse waveform defines the fre-
guency band of the signal. Modifications of the
basic Gaussian pulse are examples of the suit-
able waveforms and their effects have been
studied, e.g., in [5]. T is chip length and bit
length is Ty = NTt. In TH-UWB T; >> T, pro-
ducing alow duty cycle. In the following, M is

assumed to be same as N. The input signal for
the receiver in one user case is given by
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where A and 1) are amplitude and delay of path
|, respectively, L is the number of resolvable
multipaths and n(t) is additive white Gaussian
noise. The delay can be presented as a portion
of Tc as 1) = ET.. In the received signal wave-
form in s(t), the effect of antenna should be
taken into account.

2.2. Synchronization in UWB System

The synchronization stage must provide an es-
timate & for the timinig offset ¢ (i.e, o).
Maximum Likelihood (ML) agorithm gener-
ates several values e to evaluate when condi-
tional propability density function of the re-
ceived signal p(r|t) gets the maximum value
[6]. Basicaly

ro = argmax plr|e) 4
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If we have white Gaussian noise, the condi-
tional probability density function is easy to
evaluate, and for the optimal estimation te, we
have to maximize
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where ng(t) is noise component. In practice, the
algorithm is too complex and some approxima-
tions have to be used. In so-called serial search
strategy, the phase of the local code is changed
step by step in equal increments. In this way
the correct position within the uncertainity re-
gion could be found. Synchronization methods
for spread spectrum systems can be found from

[7].



2.3. Synchronisation Schemes

The synchronisation algorithm for multipath
environment proposed for DS CDMA is pre-
sented in Fig. 2 [3]. In DS systems, the impulse
response of the matched filter (MF) is the time-
reversed replica on the spreading code, i.e, it
has coefficients given by the spreading code
and delay between concecutive coefficients are
Tc. The output signal of the MF is proportional
to the autocorrelation function (ACF) of the
spreading code. The sampling at the output of
the MF is made at least at the chip rate. The
MF is followed by a threshold comparison, and
if the threshold T, is crossed, the acquisition
process ends. If the threshold is crossed by the
ACF at the zero delay, the result is detection,
which occurs with probability of detection, Pg.
If the threshold is crossed with some other de-
lay, afalse alarm occurs. This happens with the
probability of false aarm, Pr,. False alarms
may be catastrophic, and cause total miss of the
correct code phase. Because the MF gives its
peak when the code is inside the filter, a multi-
path channel leads to several peaks.

Chip Level Post Detection Integration
(CLPDI) performs post detection integration at
the chip level, i.e, a number of consecutive
samples at the output of the MF are combined.
CLPDI is performed over m samples and
CLPDI output is sampled at multiples of mT.as
is presented in Fig. 3. Because the sampling is
done as multiples of mT,, consecutive samples
at the output of CLPDI are uncorrelated, and
the uncertainty region, i.e., number of cells to
be tested in the acquisition is decreased com-
pared to pure MF acquisition. The number of
cells in the uncertainty region is now reduced
to N = N/m; also the number of correct cellsis
reduced. These have affect on the performance.

In time hopping system, the MF collects the
samples together according to delays between
concecutive chips (pulses as presented in Fig.
1), i.e, the spreading code sets the delays be-
tween concecutive “1’s in the impulse re-
sponse. Therefore MF waits until chips (pulses)
are coming in pre-determined time slots inside
frames.
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Figure 2. MF with CLPDI.

2.4. Performance M easur es

Mean acquisition time is used as a performance
measure. It can be calculated for the CLPDI

caseas[3]
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where the uncertainty region N is the length of
the code, and no a priori information of the cor-
rect code phase exists a the beginning of ac-
quisition. Px, is the probability of false alarm at
the output of the CLPDI, Py = 1-Py4 where Py
IS the probability of detection in the correct
code phase, Tra = KyT¢ is the penaty time
caused by afalse alarm, and T is chip interval.
The probabilities of detection and false alarms
are measured by simulations and verified in test
cases by the theoretical values. On the other
hand in a multipath propagation environment
without the CLPDI block the Tya is evaluated
with asimilar equation ([8])

3. SIMULATION MODEL

TH UWB simulation model with matched filter
synchronization is presented in Fig. 3, where
the outputs in different position of the system
are a'so described.



Figure 3. Simulation model for TH-UWB syn-
chronizer in AWGN channel.

Chip correlation (point A in Fig. 3) is per-
formed by correlating the received signal with
template waveform having the same shape than
the received signal (after antenna). In the simu-
lations, the pulse waveform in the transmitter is
Gaussian pulse. Therefore, the reference pulse
in the receiver is the second derivative of the
Gaussian pulse due to effect of the transmitting
and receiving antenna [9]. To reduce the com-
plexity in the simulations, only one sample per
Tc is used. This can be done when the pulse
width (Tp) is smaller than chip length (T;) and
chip synchronism is assumed. The output of the
chip correlator is a sequence that contains the
information about the pulse locations within
the received sequence in every frame. The chip
correlator output is fed into a code matched fil-
ter CMF. The filter is matched to the whole
spreading code (point B in the Fig. 3). In the
TH system it means, that delays between con-
secutive “1”s in impulse respense is not fixed
but dependents on the code phase as seen in
Fig. 4. After the CMF, a threshold comparison
is used (point C in the Fig. 3). Fig. 4 presents
an example of the output of code matched filter
and describes also the correct synchronization
points.

The Constant False Alarm Rate criterion
(CFAR) is used to set the threshold for the
comparator, which means that Py, is the same
for every fase code phases. To evaluate the
performance of the model, the theoretical val-
ues of Py and Ps, are compared with the smu-
lated ones. After the CMF, the samples have a
Gaussian distribution, and Py and Px, are given
by [1]
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where A is output when code phase is correct
and o is standard deviation of the noise at the
output of CMF which can be evaluated for the
test cases. Theoretical values were compared
with the ssimulated values to ensure the correct-
ness of the model.

Figure 4. Output of the code matched filter
when six bits are transmitted.

In the CLPDI simulations, the CLPDI block is
inserted after the code MF in the block diagram
of the TH-UWB synchronizer (Fig. 3).

4. SIMULATION RESULTS

A channel with static multipath is considered.
The paths have equal energies because it has
been found to be the worst case from the acqui-
sition point of view in static channel [8]. One
sample per chip istaken to achieve lower smu-
lation times and chip synchronism is assumed.
We use a code length N = 80 and penalty time
Tia = 100T,. Constant false alarm rate criterion
(CFAR) is used when setting the threshold of
the comparator (P, = 107?). Proper T, was
searched before simulations, so that the re-
quired P, was obtained for each SNR values.
Simulations were performed over 100 bits, i.e.,
the number of the correct code phases is 100L
and the number of false code phases is 100(80—
L).

Figs. 5 and 6 present Tya performance of
the synchronizer with and without CLPDI for 2
and 4 path channels, respectively. In a 4 path
channel, min CLPDI is either 2 or 4. Py and P,
are obtained by simulation and Tya is calcu-
lated from (6). Tua IS also presented for a one
path channel. In TH-UWB systems, CLPDI of-



fers an improvement in the performance com-
pared to conventional MF synchronizer due to
reduced number of total cells to be examined
and due to increased Py in correct cells. In a4
path channel, performance improvement is ob-
tained using both m values 2 and 4. Similar be-
haviour is observed as in WCDMA systems

[3].
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Fig. 5. Twa With and without CLPDI, N = 80,
L =2, T, = NT, Tia = 100, Py = 102,
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Fig. 6. Tua with and without CLPDI, N = 80,
L =4, Ty = NT,, Tra = 100, P, = 102

5. CONCLUSIONS

A chip level post detection integration code
synchronization method was applied to a time
hopping UWB system in this paper. The task of
the method is to utilize dense multipath propa-
gation of UWB environment during code ac-
quisition process. The method increases the
probability of detection of the burst of multi-
path components, i.e., it decreases the mean
acquisition time for finding the existence of
multipath profile. The simulation results indi-
cate that the method improves the acquisition

performance and is therefore, usable in UWB
communication system.
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