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Abstract- Ultra wideband (UWB) is based on
transmission with very short pulses of low energy. The
use of UWB technology will increase in the fields of
wireless communication in the near future. The wider
bandwidth of UWB technology has several advantages
such as excellent penetration ability, multi-user support
and high channel capacity. UWB has many applications
due to its low power consumption, low cost and
low interference. UWB poses design challenges for low
power and low complex systems at wider bandwidth. For
digital systems, it also requires high sampling rate and
intensive computation to estimate gain and delay of
multipath channel. In this paper, the performance of
non-coherent transmitted reference (TR), frequency-
shifted reference (FSR) and code-shifted reference
(CR) systems are compared with the Walsh coded
reference (CR) systems for single and multi-user for low
data rates. The results show that CR shows better
performance than TR and FSR in both single

user and multi user environment.

Keywords- TR, FSR, CR
I.INTRODUCTION

The concept of Ultra-Wideband
technology (UWB) was developed in late 1960s.
Impulse measurement techniques were applied to
the design of wideband antenna elements, leading
to the development of short-pulse radar and
communications systems in late 1960s. The first
UWB communication patent was awarded for a
short-pulse receiver in 1973. UWB was termed as
baseband, carrier-free, or impulse technology in
1980s [4]. A popular modulation technique for UWB
pulses Souvik Dinda

was introduced in 1993 by R. A. Scholtz under the
name Impulse Radio. A significant change occurred
in February 2002, when the U.S. Federal
Communication Commission (FCC) issued UWB
Copyright to JAREEIE

rulings for transmission and use of unlicensed
bandwidth for data communication as well as radar
and safety applications.

UWB is an emerging technology with
several communication advantages [2]. In near
future, indoor communication of any digital data,
from high-speed signals carrying multiple High -
Definition Televisions (HDTV)
programs to low-speed signals used for timing
purposes will be shared over a digital wireless
network. Such networks will requires high data
rates, very low cost and very low power
consumption. The band allocated for UWB
communications is 7.5, i.e., between 3.1 to 10.6.
The maximum power available to a transmitter
is approximately 0.5, if the entire 7.5 band is
optimally utilized [1].

According to the new definition of FCC
and ITU-R, UWB can be defined in terms of
transmission from an antenna for which the emitted
signal bandwidth exceeds the slightest of 500 or
20% of the central frequency [5]. According to FCC,
the UWB systems can operate in the range of 3.1
to 10.6, with the power spectral density (PSD)
satisfying a specific spectral mask shown in Fig. 1.
To control the radio interference, the PSD of a UWB
signal must follow the part 15 general emission
limits. From the spectral mask of Fig. 1, it is
obvious that the PSD of a UWB signal measured in
the 1 MHz bandwidth must not exceed —41.3.
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Figure 1: UWB spectral mask for indoor

communication systems
Characteristics of UWB are:
UWB signals have many attractive features such as,

. UWB signals have a noise-like signal
spectrum;

. UWB signals are resistant to severe
multipath and jamming;

. UWB signals have very good time-

domain resolution allowing for location
and tracking applications

Applications of UWB are:

UWB technology can enable a wide variety of
applications in wireless communications,
networking, radar imaging, and localization
systems. For wireless communications, the use of
UWB technology offers significant potential for
the deployment of two basic communications
systems,

. High-data-rate ~ (HDR) short-range
communications:  high-data-rate wireless
personal area networks.

. Low-data-rate (LDR) and
tracking: sensor, positioning,
identification networks.

location
and

1. IR-UWB RECEIVERS
A. Transmitted Reference UWB Receiver

UWB systems performance is highly dependent on the
timing requirements mainly due to strict power
limitations and short pulse durations. When simple and
low cost systems are desired, that references locally,
estimates the channel and captures enough energy for
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correct UWB data detection, it is difficult to design
such receivers Transmitted-Reference (TR) [5].

UWB wireless communication systems can
relax the difficult UWB timing requirements and can
provide a simple receiver that gathers the energy from
the many resolvable multipath components. TR
receiver represents a low complexity alternative to
RAKE-receivers. TR signalling can be viewed as a
signalling scheme which devotes a portion of the
transmitted energy to channel measurement. TR
systems operate by transmitting signals consisting of
separable data and reference portions over random
time-varying  communication  channels.  After
separating the data and the reference portions of the
received signal, the receiver correlates them to form a
decision variable. The modulation of these sequences
of pulses can be PPM or PAM. BPSK is used only in
conjunction with coherent receivers, and gives better
performance than PPM since it is an antipodal
modulation format. The symbol interval is defined as
T; and frame interval as Ty for TR-UWB systems.

Each frame interval includes a UWB impulse,
andTS:N‘,-I:,-, Ne =zl In the standard TR-UWB

system, the transmission signal during the [** symbol
period can be expressed as follows,

xrg(t) = E”F'l(ﬂlgp{t —IT,— kT +

=0

%'IE:_: p(t — IT, — KTy — DJ]
1)

Where E; is the transmitted energy per symbol period
b;e {-1, +1} is the information bit to be transmitted
during the {*™® symbol period. p(. ) is a normalized
UWB pulse shape and D is the delay between
reference and data pulse.

In TR, first transmit a reference pulse of known fixed
polarity (or position), followed by a data pulse whose
polarity (position) is determined by the information
bit. At the receiver, the received signal is multiply
with a delayed version of itself as shown in Fig. 2. By
transmitting a reference along with the data, it is
possible to eliminate the need for a locally generated
reference (LGR) and the complicated issue of LGR
synchronization. Since TR systems utilizes part of the
available power for the reference portion of the signal,
the elimination of LGR and its complication come at
the cost of decreased power dedicated for data
transmission.
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TR-UWB architecture has many attractive properties:

e Since the reference signal is transmitted over
the same channel as the data signal, it
provides a perfect template to match the data
pulse without explicit channel estimation, but
corrupted with noise, causing degradation at
the receiver during the demodulation process.

e Simple timing acquisition can be achieved by
repeating 5;{t) as many times per symbol as
desired and having the receiver integrate
across these many frames; thus, timing is
only required at the symbol level, which can
be an important gain in low data rate
applications, where often T, >>T;.

e Reference pulse and the data pulse are
transmitted within one frame; the channel
need only be constant over the frame time.
This can be significant for systems operating
in a highly mobile environment.

At the receiver, it is essential that a low-pass filter be
used prior to the correlation, to limit the noise. In, it
has been described that multiple doublets per chip can
be considered to increase range/low data rate
applications. In practical systems, it is worthwhile to
randomize the polarity of the first (reference) pulse,
which will reduce spectral lines

Fig. 2: Block diagram of Transmitted Reference UWB
Receiver

B. Frequency-Shifted Reference UwWB

Receiver

The TR technique has been proposed as an intellectual
solution to the UWB receiver design problem that
provides a simple form of UWB multiple-access
(MA), mostly for low data rate applications [6]. TR-
UWB system, separate the reference signal and data
signal by a time delay and the data pulses are modified
by antipodal bits. Since the reference signal goes
through the same channel as the data signal, thus can
serve as a template for the channel distorted data
signal, the receiver simply correlates the received data
signal and a delayed version of itself to capture all of
the energy of the data-bearing signal. Despite the
apparent simplicity of the architecture of the TR-UWB
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receiver, it is not an easy task to accurately build an
extremely wideband delay element. To avoid the
wideband delay element in the receiver, and, has
proposed the slightly frequency-shifted reference
(FSR) UWB system. The implementation of a
frequency translation of a wideband signal is much
simpler than the delay of the same signal, the
technique considered is to employ a very carefully
selected frequency-translated reference; in other
words, the reference is translated in frequency rather
than time to be orthogonal to the data bearing signal,
and so avoids the delay element. The orthogonality of
the reference and data signal does not have to be
imposed over each frame period, but rather over a
symbol period. Thus, a frequency offset between the
reference impulse train and data impulse train is
prescribed that is only the inverse of the symbol
period. This frequency shift is well below the
coherence frequency of the channel, and hence, the
reference serves as a suitable reference for the data-
bearing signal. Since the data pulse must go through
approximately the same channel as the reference pulse,
frequency orthogonality obtained by simply shifting
the data pulse is futile, because the frequency
separation between the pulses exceeds the coherence
frequency of any reasonable fading channel. Hence, a
method is sought to obtain an orthogonal reference can
be readily accomplished with a mixer.

In FSR-UWB approach, a basic template
signal can be defined as =({t}, which consists of Mg
unmodulated UWB pulses with a standard pulse shape,

as x(t) = 21:‘:;1 plt — kT;) the reference waveform is
set to be a scaled version of ={t), and the data
waveform is set as a frequency-shifted version of this
signal that is approximately orthogonal to it over the

symbol interval for large M. Defining f; = 1lz']~g as the
frequency shift of the data signal relative to the

reference, the transmitted signal during the 1*® symbol
period can be expressed as,

— i1 |'E_=
xFSE{t;] _E'I-:=L‘ __\ITP'&-— 1T, — I.{Tf:]-l-
by,/Espt — IT, — kTg) cos(2n r,_,t;]]

@
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Fig. 3.Block diagram of Frequency-Shifted Reference
UWB Receiver

C. Code-Shifted Reference UWB Receiver

A simpler implementation is achieved in and is
referred to as slightly frequency-shifted (SFS) scheme.
The data and reference are shifted from each other by

the symbol rate llz' T, Code-reference IR-UWB is the

parallel approach but the base of development is code
multiplexing rather than frequency multiplexing. In
this scheme, data and reference are derived from
amplitude modulating the same pulse train with two
orthogonal code sequences [7]. The orthogonality
serves to extract the reference at the receiver. In a
code-shifted reference UWB approach has been
proposed, in which a reference pulse sequence and one
or multiple data pulse sequences are transmitted
simultaneously, and each pulse sequence is coded by a
specific shifting code. Transmission signal during the
I*® symbol in CR systems, can be expressed by
replacing the single frequency carrier cus{Zaf L} in (2)
with d(t}, as follows
dip-1 [Eg

-":I:R{-ttl = l‘k;D (‘JTP'&- -IT,— I.{Tf_] +

o [ 1T _kﬂﬂ(fj]
my 7 Pl = 1T — kTR
®)

where d(t) is the square wave with the period T, , and
it is denoted as follows

[ 1. kT,Q.s(%)r,

l—l, (BT, <<k + DT,

Compare with FSR, the CR scheme has advantages in
terms of implementations and performance. CR
exhibits the same performance as FSR at low data
rates and better performance as the rate increases. CR
UWB receiver does not require any delay element, as
the pulses are delayed with digital codes instead of
frequency tones, and can avoid most performance
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degradation the FSR UWB systems suffers in
conjunction of much lower system complexity

t)

7 [ o =o0bh=0 | B,
<=1

(1)7s
» f
s

d(t)
Fig. 4.Block diagram of Code-Shifted Reference UWB
Receiver

11 SIMULATION RESULTS
A. Single user simulation result
e TRVSFSR

First, the performance of TR system is compared with
FSR system. The frame duration of TR is 13 = 200
nsec with T4= 100 nsec and number of frame per bit is
Mg= 2. The frame length of FSR is Tg= 100nsec with
number of frames per bit My = 4. We observe from the

Fig. 5, that the performance of TR system is better
than FSR system. TR outperforms FSR by 2dB [5].
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Fig. 5 Comparison of TR and FSR for single user
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e TRand FSRvsCR

The performance of CR UWB system is compared
with TR and FSR UWB systems. The parameters of
TR and FSR are the same as in Fig. 5, for CR UWB
system, the frame duration is T; = 100 nsec with M= 4.
The code sequence in CR system is selected from 2x2
Hadamard matrix. From the Fig. 6, it is observed that
the performance of CR is better than FSR by 2dB [7],
while the performance of CR and TR are almost the
same.

10°

BER

T——mruws

| —e—FSRUWB

—+— CRUWB
.

5 10 15 20 25
SNR(dB]

Fig. 6 Comparison of TR and FSR with CR for
single user

B. Multiuser Simulation Result
e TR vs FSR with 3 interfering users

The performance of TR and FSR systems are
compared for multi-user. The frame length of TR is
T;= 600 nsec with Ty = 300 nsec and the number of

frames per bit is MNg= 6. The chip duration is T.= 75
nsec. The number of hops Np= 4, with hopping time
period is Ny = 1000. The frame duration of FSR is T¢=
300 nsec, and number of frames per bit Ng= 11. The
chip duration is T.= 75 nsec, with number of hops My=
4, and time hopping period Ny = 1000. From the Fig.

7, we observe that, due to the presence of IFI, the
performance of TR flat out at higher SNR, however
the performance of TR is better than FSR [7].
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Fig. 7 Comparison of TR and FSR for 3
interfering users

e TR and FSR vs CR for 3 interfering
users

The performance of CR is compared with TR and FSR
for multi-user. The parameters of TR and FSR systems
are same as Fig. 7. The frame duration of CR is Ti=
100 nsec, with number of frames per bit M; = 32.
Walsh code sequence of Mgx M; order is generated.
The common sequence for reference pulses for all
users are chosen from the first Ny2 code sequence.
The first row is selected from code sequence for
reference pulse. The remaining Ng2 code sequence is
used of the user data pulse. Different code sequence is
used for different user’s data pulse. From the Fig. 8, it
is observed that the performance of CR is better than
FSR system, but TR has better performance between
14dB and 22dB. As SNR is increased, the performance
of TR become flat due IFI, while the performance of
CR turn out to be better than TR [7].
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Fig. 8 Comparison of TR and FSR with CR for 3
interfering users

V. CONCLUSION

From the simulation results obtained and the
observations it is proved that the performance of CR is
better than TR and FSR in multiuser and is better than
FSR in single user environment in terms of BER at
low data rates. It has been observed that, in single-user
environment, TR and CR outperform FSR by 2dB.
However, the performance of TR and CR are the same.
In multi-user environment, TR has less bit error rate
than FSR; on the other hand, CR outperforms FSR by
3dB. However, at low SNR, TR has better results than
CR, and as the SNR increases, CR outperforms TR by
3dB.
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