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ABSTRACT

A critical obstacle for Ultra Wideband (UWB) communica-
tions is conformity to restrictions set on the allowed interfer-
ence with other wireless devices. Using trains of /N amplitude
modulated basic pulses gives an FIR filter like design when dis-
regarding the power spectral density (PSD) of the basic pulse.
These leads to implementation losses and should be avoided.
We quantify these losses and introduce an FIR filter design us-
ing semidefinite programming which can incorporate the basic
pulse PSD by introducing non-constant upper bounds in the
design. This leads to optimal designs and increases available
signal power at no extra implementation complexity, just by
choosing more optimal filter coefficients.

I. INTRODUCTION

Ultra Wideband (UWB) is a new technology for short range,
high data rate wireless communication [1]; inherently occupy-
ing an extreme bandwidth, UWB technology will have to be
implemented as an overlay scenario in order to coexist with
other existing communication systems. To avoid interference,
the Federal Communications Commission (FCC) has estab-
lished guidelines [2], enabling research and implementation of
first equipment by setting forth stringent regulations on the ra-
diated energy. Due to this the spectral shape of UWB signals
becomes an important implementation aspect, adhering to con-
straints and still maximizing available signal power, to enable
the targeted high data rate applications.
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signal model can be expressed in the following way:
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where by are the PAM symbols {S 1, 1} for each bit, T is the
chip period and ¢ are the user-specific TH codes, with ¢ T¢ <
T: 1.

The PSD can be calculated in a standard fashion to:
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When assuming the TH code ¢ to be integer-valued, inde-
pendent und uniformly distributed, this can be approximated
as [6,7]:
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Thus, the PSD of the basic pulse p(t) is crucial to the PSD of
the complete UWB signal. Therefore, it is necessary to select
a pulse with optimal spectral properties.
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B. Linear Pulseshaping Problem

The basic pulses p(t) used in UWB systems are created with
analog RF components. Therefore, designing the pulse to com-
ply with some specific demands like the FCC spectral mask is
rather difficult. Basically only the pulse duration and ampli-
tude can be controlled which corresponds to the bandwidth and
power in the PSD. Different digitally created pulse shapes have
been suggested [8], whereby those pulses have to be generated
of digital samples. Since the pulses need bandwidths of several
GHz, sampling nanosecond length pulses is highly demanding.

Using transmit filters to adapt to spectral constraints is also
difficult to implement, since analog filters would have to be
used with an enormous bandwidth. Instead using an FIR fil-
ter like approach [3, 4], each basic pulse is repeated N times
with arbitrary amplitudes, created by the pulse generators used
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C. Non-constant Upper Bounds

By using a different auxiliary function, non-constant upper
bounds I'(f) can be implemented. This auxiliary function is
now defined as:
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pk cos(k2nTf) =T(f) S Py (f),
k=0
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with pg :fyoé ro and pn = T S 27, forn = 1,...,N§ 1,
whereby vy is the Fourier series expansion of I'(f). This re-
sults in:
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if two positive semidefinite, real symmetric matrices X, Z ex-
ist, for which

L*(X)+ *(Z,a,21S ) =

(WS ro,mS2r,...,w-1S2rv-1). (22)

So I'(f) can define any upper bound that can be represented as
N terms of a Fourier series expansion and covers an interval of
the form 5+, % for arbitrary «. Using eqs. (14) and (16)
intervals of complimentary shape 0, 5= can be used as well.

D. Finding appropriate Upper Bounds

It might seem possible to use only one constraint to repre-
sent the whole spectral mask. Although the function I'(f) can
approximate any spectral mask S(f) which might serve as a
constraint, the approximation is limited by the properties of
the Fourier series expansion. This is especially problematic at
discontinuities which lead to the Gibbs Phenomenon. Since
Dww (f) 0 fisan implicit constraint when working with
the autocorrelation coefficients r, , any negative value in an up-
per bound would make no solution possible.

So instead functions are defined, which serve as piecewise
continuous upper bounds. When approximating only part of
a given spectral mask S(f) or S(f)/|Q(f)|? the Fourier series
expansion can’t be used because the cosine functions are not or-
thogonal on any interval [«, 5]. Instead minimizing the squared
error for the base function system ¢n (f) = cos(2anT f) on
some particular interval,
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n
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leads to solving a linear equation system. This is equivalent
to orthogonalizing the autocorrelation matrix of the base func-
tions on this interval and comes out to:

Tn or (f)en(f)df =

S(Hec(f)df- (24

Very good approximations of any piecewise continuous func-
tion serving as an upper bound can be achieved this way.
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Figure 3: Newly implemented non-constant upper bounds

IV. IMPLEMENTATION

The interval [0,15.0] GHz covers the biggest part of the FCC
spectral mask S(f). To implement the spectral mask as piece-
wise continuous constraints without any simplifications, we
will have to use five constraints (see Fig. 3):

Dy (f) Fl(f) f [O’ 1'61} GHz (25)
Qo (f)  T2(f) [ 10,1.99] GHz (26)
Puw (f)  Ta(f) f[0,3.1]GHz (27)
Duw (f)  Ta(f) f [0,12.5] GHz (28)
Duw (f)  Ts(f) f [10.6,15.0] GHz 29)

and those constraints are represented by their respective coef-
ficients T (f) = 5;01 @ cos(2wkT f), calculated through
eq. (24). The two possible interval types for the upper bounds,
either start at 0 GHz or end at 15.0 GHz. Consequently, when
using more than two constraints, the upper bounds overlap (see
Fig. 3). This can lead to difficulties since the uppers bounds are
only calculated dependant on a smaller continuous interval. In
fact, no problem arises as long as the discontinuities are posi-
tive jumps from one side or drops on the other side respectively.
The constraint in the middle actually even serves as an upper
bound on the whole interval.

Even when split up into piecewise-continuous intervals, to
receive good approximations, the needed upper bounds can-
not have a too high gradient. Especially when dividing by
the PSD of the Gaussian monocycle, the gradient can become
very high in T'; (f) and T's(f). To avoid poor approximations,
S(£)/1Q(f)|? has to be limited, most easily accomplished by
cutting off values, e.g., when values in an interval reach a cer-
tain multiple of the smallest value. In Fig. 3 values were cut
off when 6 dB above the smallest value of their interval.

V. DESIGN EXAMPLE

Fig. 4 shows a design example of @y (f). It can be seen
how @y, (f) approaches S(f)/|Q(f)|? very well (results are
plotted for different values of N). @y, (f) is actually above
S(f) before being multiplied with |Q(f)|?, but this just shows
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Figure 4: Optimized PSD with non-constant upper bounds

to which extent the allowed energy radiation had not been ex-
ploited before by assuming the Gaussian monocycle to be con-
stant.

N 15 30 50
n3 adapted to pulse 0.723 0.842 0.888
712 due to non-const. pulse | 0.633 0.698 0.726
gain [dB] 0.580 0.811 0.877

Table 2: Performance of optimization with non-constant pulses

The exact PSD of the waveform |P(f)|? is obtained after
multiplication with |Q(f)|? (see Fig. 5). This led to losses
before. Now, due to using the extended definition of the upper
bounds, results after multiplication fit the FCC spectral mask
perfectly and exploit it optimally. For rising pulse train length
N, results for 1 approach unity (see 73 in Tab. 2).

The gain in signal power compared to the design of the orig-
inal linear pulseshaping problem is between 15% and 20%,
which is between 0.6 dB and 0.9 dB. It should be pointed out
that this gain does not require any additional resources in im-
plementation. For the same pulse train length N, the gain is
achieved solely by equating more optimal coefficients wy, .

VI. CONCLUSION

Designing UWB signals using FIR prefiltering can achieve op-
timal solutions and account for real basic pulse PSDs. It is not
necessary to assume the basic pulse PSD as constant and losses
due to this assumption can be evaded by incorporating the pulse
PSD into the design.

We have achieved a design which gains about 1 dB of signal
power compared to designs disregarding the exact basic pulse
PSD. This does not need any extra implementation complexity,
since it uses the same filter length N. The performance in-
crease is only due to choosing more optimal filter coefficients.
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