
1

OFDM Pulse-Shaped Waveforms for Dynamic
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Abstract—In dynamic spectrum access networks (DySPANs),
users share access to available spectrum while minimizing the
likelihood of harmful interference. In this demonstration we
present a dynamic spectrum access network which employs a re-
configurable orthogonal frequency-division multiplexing (OFDM)
based waveform. In order to avoid the creation of harmful
interference, the out-of-band (OOB) emissions of the waveform
are dynamically tailored to the properties of spectrum neighbours
through the use of OFDM pulse shaping. The demonstration
network is built upon the highly reconfigurable Iris 2.0 software
radio platform and illustrates the capabilities of this platform
as well as the utility of OFDM pulse shaping in the context of
dynamic spectrum access networks.

I. OFDM PULSE SHAPING

Orthogonal frequency-division multiplexing (OFDM) is a
highly popular multicarrier modulation scheme due to its
robustness against frequency-selective fading, use of a cyclic
prefix to eliminate ISI and computationally-efficient imple-
mentation. In the context of dynamic spectrum access, OFDM
proves an attractive modulation scheme due to the ability to
perform spectrum sculpting through parametric reconfigura-
tion. For this demonstration, we focus on the ability to sculpt
the spectrum of the waveform through dynamic pulse-shaping.

An OFDM signal can be represented in a generic form as:

x(t) =
∑

ℓ

J−1
∑

j=0

√

Pjγj,ℓe
i2πfjtq(t − ℓ(1 + β)Ts) (1)

wherex(t) is the complex envelope of an OFDM signal with a
cyclic prefix,γj,ℓ is the independent and identically distributed
message symbol which has unit amplitude and is transmitted
upon subcarrierj during OFDM symbolℓ, Pj is the power
level for the jth subcarrier,fj is the center frequency for
the jth subcarrier, wherefj − fj−1 = 1/T is the subcarrier
spacing,J is the total number of subcarriers andq(t) is a
shaping pulse of duration(1 + 2β)Ts as shown in Fig. 1.T
is the source symbol length andTg is the cyclic prefix length
such thatTs = Tg + T .

In traditional OFDM systems,q(t) is a rectangular pulse
of durationTs which leads toβ = 0. Although this approach
reduces the effective symbol duration, it also results in sharp
transitions between successive OFDM symbols such that the
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power spectral density (PSD) of the waveform can be repre-
sented as:

P (f) =
J−1
∑

j=0

PjTssinc2((f − fi)Ts), (2)

and out-of-band (OOB) emissions become significant due to
large sidelobes of sinc pulses [1], [2]. Shaped OFDM is an
alternative to avoid sinc pulses in the frequency domain, which
results in smoother temporal transitions between the successive
OFDM symbols through the extension of symbol duration and
the modification ofq(t) to apply raised cosine windowing to
OFDM symbols. As shown in Fig. 1, effective symbol duration
is increased to(1+β)Ts by using OFDM symbols overlapping
in the roll-off region [1], [2]. As a result of symbol shaping,
each subcarrier is characterized by a raised cosine pulse with
a main lobe width of2/

(

(1 + β)Ts

)

and a roll-off factor of
β/(1 + β).

Fig. 1. Generation of a shaped OFDM symbol.

A number of authors have questioned the value of OFDM
pulse shaping in order to reduce the side-lobe power levels
of OFDM-based signals [1], [2]. This is largely due to the
fact that for a single carrier, a large roll-off factor (and hence
overhead) is required to achieve significant side-lobe attenua-
tion in the adjacent subcarriers. However, we have found that
a considerable reduction in the overall OOB emission levels
can be achieved for a low level of overhead when a large
number of subcarriers are employed in the waveform, as is
typically the case in an OFDM-based system. This is due to the
aggregate effect of the pulse shaping over many subcarriers.
Fig. 2 compares the roll-off in power spectrum which can
be achieved through pulse shaping and subcarrier nulling, an
alternative approach to spectrum shaping. In this figure, the
OFDM signal consists of 256 subcarriers and a cyclic prefix
of lengthT/8 is used. For the subcarrier-nulling approach, 64
subcarriers are nulled, while for the pulse-shaping approach,
an extension factor ofβ = 1/4 is employed. In this way,
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the overhead incurred by both approaches is the same. The
transmit filter used is a fifth order Butterworth low-pass filter
with normalized cut-off point of 0.75 [3]. It can be seen clearly
that the pulse-shaping approach results in lower OOB emission
levels.
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Fig. 2. PSD shaping using subcarrier nulling and OFDM symbol shaping.

II. I RIS 2.0

Building upon the strengths of the first generation Iris 1.0
software radio architecture [4], Iris 2.0 provides a highly
reconfigurable platform for dynamic spectrum access net-
works. A plugin-based architecture is provided for building
network nodes usingcomponents. These components may
represent signal-processing functionality commonly found in
the physical (PHY) layer of a network node or a complete
layer within the network stack of the node. The components
comprising a node operate within one or moreengines. These
Iris 2.0 engines capture the differing signal and control flow
mechanisms which can be found in the different parts of a
typical network node.

At the lowest level of the Iris 2.0 architecture are the
components and controllers. While the components comprise
the structure of an Iris 2.0 network node, the controllers
support reconfiguration across components. In this way, inter-
component dependencies are avoided and the modularity of
the architecture is preserved. Both components and controllers
are maintained in repositories from which they can be loaded
and inserted into a network node. Component repositories are
used byengines which are responsible for the execution of
specific sections of a network node signal flow graph. These
engines are in turn linked together to form the overall network
node structure by theengine manager. A controller manager
is responsible for loading controllers from their repository and
allowing them to be linked into components and engines by
the engine manager. Above the level of the component and
controller managers is the Iris 2.0 system which provides
a clean interface to a launching application. In this way,
launching applications ranging from simple console based

programs to more user friendly graphical user interfaces can
be supported.

For this demonstration, our dynamic spectrum access net-
work nodes are built using the Iris 2.0 platform. The Universal
Software Radio Peripheral (USRP) [5] is adopted as the
minimal hardware RF front end. Fig. 3 illustrates a single
network node comprising Iris 2.0 and USRP.

Fig. 3. A network node comprising Iris 2.0 and USRP.

III. C ONCLUSIONS

The aggregate interference caused to adjacent frequency
bands by an OFDM waveform with a large number of sub-
carriers can be reduced significantly through the use of pulse
shaping. In this demonstration, we apply raised cosine shaping
by extending the OFDM symbol duration with a factor of
β as shown in Fig.1. Although this yields a data rate loss
of β/(1 + β), the cyclic prefix property is maintained and
simple one-tap equalizer is still applicable at the receiver.
Furthermore, it is important to note that the throughput loss is
not significant for small values ofβ which are still effective
in suppressing OOB emissions. Our demonstration network is
implemented upon the highly reconfigurable Iris 2.0 software
radio platform, and it is shown that systems neighbouring
in both frequency and location can coexist with improved
performance with the application of pulse shaping.
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