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Abstract

In this paper, we address the OFDM based on DFT or DCT in Cognitive Radio system. An adaptive OFDM based on
DET or DCT in Cognitive Radio system has the capacity to nullify individual carriers to avoid interference to the licensed
users. Therefore, there could be a considerably large number of zero-valued inputs/outputs for the IDFT/DFT or
IDCT/DCT on the OFDM transceiver. Hence, the standard methods of DFT and DCT are no longer efficient due to the
wasted operations on zero. Based on this observation, we present a transform decomposition on two dimensional (2-D)

systolic array for IDFT/DFT and IDCT/DCT, this algorithm can achieve an efficient computation for OFDM in Cognitive
Radio system
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I. Introduction the discrete Fourier transform (DFT) for multicarrier
modulation of the data to be transmitted. However,
throughput
enhanced when using the discrete cosine transform

(DCT) rather than the DFT™,

Orthogonal ~ frequency  division  multiplexing under certain channel is

(OFDM) has recently received considerable attention
for

conditions,

its efficient usage of available frequency

bandwidth and robustness to frequency selective
fading environments. OFDM systems normally use
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The basic idea of Cognitive Radio (CR) is to
provide a system with the ability to sense available
spectrum slots not occupied by existing users and
detect whether any primary user is demanding the
bands that the CR system currently uses. Since CR
only used non—contiguous band in the spectrum,
OFDM s suitable
technique[ZNS].

considered a transmission
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In spectrum pooling, OFDM is proposed as the
baseband transmission scheme. Those subcarries
which cause the interference to the licensed user
should be nullified. Therefore, there are zero-valued
inputs for the IDFT or IDCT of the transmitter and
zero-valued outputs for the DFT or DCT of the
receiver. When zero valued inputs/outputs outnumber
non-zero inputs/outputs, the standard IDFT/DFT or
IDCT/DCT used for OFDM is no longer efficient. If
there is a large number of zero inputs/outputs, we
propose to use computationally efficient IDFT/DFT
and IDCT/DCT based on the transform decomposition
[4~6]

The rest paper is organized as follows. In Section
O, the OFDM-Cognitive Radio framework will be
introduced. In Section III, we will present the efficient
computation for DFT and DCT in OFDM—Cognitive
Radio system. Simulation results are discussed in
Section IV. Finally, Section V concluded this paper.

II. OFDM—Cognitive Radio Framework

An important aspect of the cognitive radio platform
is its ability to opportunistically use portions of the
spectrum that are not being used, which requires the
ability spectrum
Furthermore, it is very important to detect and

to efficiently scan usage.
identify types of interference that the platform is

facing. This becomes increasingly difficult for
arbitrary radio systems. Thus we can focus on an
OFDM radio platform because it allows a simple
characterization of interference in terms of the OFDM
subcarriers.

A general schematic of an OFDM-Cognitive Radio
(OFDM-CR) transceiver is shown in Fig. 1. Without
loss of generality, a high speed data stream, z(n) is
modulated. Then, the modulated data stream is split
into N slower data streams using a serial-to-parallel
(S/P) converter. Note that the subcarriers in the
OFDM-CR transceiver do not need to be all active as
in conventional OFDM.

Moreover, active subcarriers are located in the

unoccupied spectrum bands, which are determined by
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Fig. 1. Schematic of an OFDM transceiver.

dynamic spectrum sensing and channel estimation
techniques.

The IDFT or IDCT is then applied to these
modulated subcarrier signals. Prior to transmission, a
guard interval with a length greater than the channel
delay spread is added to each OFDM-CR symbol
using the cyclic prefix (CP) block in order to mitigate
the effects of intersymbol interference. Following the
parallel-to-serial  (P/S) the baseband
OFDM-CR signal, s{n) is then passed through the
which
amplifies the signal and up converts it to the desired

conversion,

transmitter radio  frequency(RF) chain,
center frequency. The receiver performs the reverse
operation of the transmitter, mixing the RF signal to
baseband for processing, vielding the signal r(n).
Then, the signal is converted into parallel streams
using S/P converter, the CP is discarded, and DFT or
DCT 1is then applied. After compensating distortion
introduced by the channel using per-tone equalization,
the data in the active subcarriers is multiplexed using
a P/S and demodulated into

reconstructed version of the original high-speed input,

converter, a

z'(n).

From this system overview, we observe that the
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IDFT (IDCT) and DFT (DCT) blocks are critical
components of the transceiver. In the next section,
we will describe how it is possible to implement
efficient versions of these blocks. We confine all the
following discussions on DFT and DCT due to the
same computation structure of DFT and IDFT as
well as DCT and IDCT.

II. Efficient Computation for DFT and DCT
in OFDM—CR System

In this section we will introduce the algorithms on
2-D systolic array for DFT and DCT, which can
result in a faster execution time in OFDM-CR
system.

7t Transform decomposition on 2-D systolic
array for DFT
From the definition of DFT,

N-1

X(k) =Y x(myw

n=0

0<k<N-I 1)

2x
where W =e ¥ ,J= v —1, we assume that
only L outputs are nonzero and that there exists a P
such that P divides N and define Q= N/P, using

the variable substitution

n=0n +n, 2
where
n =0,1,--,P—1, n, =0,1,--,Q—1. we can
rewrite the DFT as follows:
0-1 P}
X(B)= 2 D x(mQ+n, Wnor*
7, =0 1, =0
”1<k>p nyk
= Z Zx(n1Q+n2)W W (3)
=0

where { ) denotes reduction modulo P, and k

takes on any L values between 0 and N-1. Breaking
this up into two equations

Xk =3 x, (k) et @

ny=0

where

X, ()= x(nQ+n W

n =0 (5)
) x,, (n, W, (6)

for j=0,1,---,P—1, and
x,,(n)=x(mQ+n,) (7)

Inspecting (6), it can be seen that sequence over
which the DFT has to be computed is two
dimensional and hence depends on n,. Thus a DFT
has to be computed for each different value of 7.,
and there are Q such length P DFT’s. We consider
the case where L outputs are nonzero. Because the
index K only consists of L nonzero values, only L
twiddle factors are multiplied with each X,,(<k>,)
for n,=0,1,-,Q—1. This multiplication part
results in a reduction of the computation. The
mathematical ~ derivation  for the transform
decomposition algorithm with zero inputs is rather

similar, details can be found in [4].

Lt. Transform decomposition on 2—D systolic
array for DCT
Reposing on  a close study of the DCTU], we can
also achieve the transform decomposition for 2-D
DCT. The DCT of a date sequence f(n), where
n=0,1,---,N—1 is defined by

Fb) =2/ N Bkz fn)co (2"—+N1)E @®

and

{Juz, k=0
B =

l, k=12,..,N-1

Supposing N is even, we define a new N point
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sequence z{n) by
x(n)=f(2n), x(N-1-n)= f(2n+1), n=0,1,---,N/2-1.
9)

substituting (9) into (8), it can be rewrite as

Fly=2/N C(k)z 2(n)cos +A17)k” (10)
thus the DCT F(k) can be evaluated as
F(k)=2/NC(k)Re [exp(%];—vf—[-)Z(k)} 11
where the date sequence z'(n) IDFT is
N-1
Z(k)y=Y x(mwy™ (12)
n=0
Using symbol A to denote ‘Z/Nc(k)exP( 2N we
can obtain a concise equation
F(k)=Re[4-Z(k)] (13)

Fig.2 shows the process for calculating DCT based
on IDFT.

From the analysis of transform decomposition for
2-D DFT vpreviously, we can easily obtain the
transform decomposition for 2-D Z(k) as follows:

0-1
Z(k)= 2 Z,,(k) W,

(14)
n,=0
where
P-1 )
Z,()= Z x(mQ+n, W, ™
m=0
P-1 .
= z X (m W™ (15)
m=0
Input data sequence A
%(0), x(1), .x(N-1) | N-point l DCT
IDFT et Real part ——>
a7 2. DCT Axtg flgt E5 cjolo{ I

Fig. 2. Block diagram for DCT computation.
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Fig. 3. Block diagram over transform decomposition for
DCT.
for j=0,1,---,P—1 and N=PQ, n= @n;+n,,
n,=0,1,,P—1n,=0,1,-,Q—1.

Substituting (14) into (13), we obtain:

>p>W1;"2k}

we can also implement the efficient

0-1
F(k)= Re|:A- > z, (k (16)

=0
Obviously,
computation for DCT.

We show the computational structure for DCT in
Fig.3. Basically the computation can be divided into
IDFT and multiplications  with

two  stages:

recombination.
IV. Simulation Results

The number of multiplications for N-point radix -2
FFT is

Mppr =(N/2)log, N 17

Under the definition of DCT-IIL, the precise count of
real multiplications is shown in the belowlg],

M,.,=2Nlog, N-N+2 (18)

Based on the transform decomposition for 2-D DFT
and DCT, we make quantitative analysis on the
computational complexity by counting the number of
complex mitiplications. In this case, the number of
multiplications for DFT and DCT are presented as
following:
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Mip_prr = %Ing P+(Q ~-1)-L (19)

Mpp_per =2Nlog, P=N+20+(Q-1)-L (20)

In Fig4 we compare the computation complexity
between the conventional method and the transform
decomposition for 2-D DFT and DCT. During the
the total number of
subcarriers for OFDM is 1024, when the number of
nonzero outputs L is relatively few, we can get
significantly reduced computational complexity for
both  DFT and DCT based on the transform
decomposition. For example, when only 64 out of
1024 subcarriers are available for CR, transform
22% and 37% saving of
computations for the OFDM-DFT system and the
OFDM-DCT system respectively. Because the
IDFT/DFT or IDCT/DCT are the most computational
intensive parts in an OFDM transceiver, the savings
can significantly reduce the computational complexity
of the system. Therefore, transform
decomposition for 2-D DFT or 2-D DCT can be an
efficient option for an OFDM in Cognitive Radio
system when only a small number of subcarriers are
available for Cognitive Radio.

simulation, we assume

decomposition offers

overall

(220)
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V. Conclusion

In terms of the decomposition for 2-D DFT and
DCT, we proposed an efficient computation for DFT
and DCT which can result in a faster execution time
in the case that a large number of subcarriers are
nullified in the OFDM-CR system.
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