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The beacon signal could be applied in the following 
two context which are shown in Fig.1: 1) It can be 
transmitted by primary users or networks to declare 
their occupation and spectrum allocation of certain 
frequency band and notify secondary users to avoid 
interference to them. It should be noted that as the 
proposed beacon is transmitted by an independent 
device in a small piece of band adjacent to user signal. 
Therefore, no technical changes is required for primary 
user’s protocols and devices. 2) According to secondary 
users, the operating band may change dynamically 
following the presence of primary users. When a 
common control channel is impractical, the proposed 
beacon could be used as an indicator helping secondary 
devices to discover and synchronize to their peer 
devices, thus the so-called spectrum rendezvous [6]. 

In the proposed scheme, cyclostationary signal 
detection [7] which is optimal in blind signal analysis at 
low Signal-to-Noise Ratio (SNR) is applied for 
detecting the beacon signal. Moreover, as the 
bandwidth of the beacon signal is much smaller than 
that of broadband user signal, higher power spectral 
density and hence SNR as well as low spectrum 
overhead can be achieved. 

Another essential feature of the proposed beacon 
signal is that bits containing information about the 
corresponding device or network can be carried on the 
cyclostationary signatures generated by multiple cross-
correlated tones. This may greatly increase the 
flexibility and efficiency in spectrum sensing. These 
bits could be used to, for example: 1) declare the 
occupation of certain spectra band and system type of 
primary user; 2) indicate the band allocation and 
bandwidth of a primary network to unlicensed devices - 
as long as the band allocation is acquired via the beacon 
signal, it’s not necessary to scan the whole band 
searching for licensed signals; 3) identify a secondary 
user or network in the context of spectrum rendezvous, 
etc. It is to be noted that the idea of carring information 
bits in cyclostationary signatures is not limited to the 
independent beacon signal and could be extended to 
other schemes where signatures are embedded in user 
signal, which is similar to the ideal in [6]. 

In [6] and [8], the authors proposed an scheme for 
spectrum rendezvous and network identification for 
Orthogonal Frequency Division Multiplexing (OFDM) 
based systems when common control channel is 
impractical. This is achieved via embedding signatures 
on part of the sub-carriers. The proposed beacon signal 
could also accomplished the same purposes through its 
flexibly allocated signatures. However, the modulation 
of user signal is not limited to OFDM and it could be 
applied to existing systems as the beacon transmission 
is actually independent of user signal. 

The remainder of this paper is structured as follows. 
An overview of cyclostationary signal detection is 

given in Section 2. In Section 3, the generation of the 
multitone beacon and its cyclostationary detection 
algorithm is introduced. Section 4 presents some 
simulation results in order to discuss the performance 
with practical issues considered, such as noise 
uncertainty and carrier frequency offset. In Section 5, 
the beacon signal and its detection algorithm is 
validated using a real-word testbed and over-the-air 
transmissions. Conclusion is drawn in Section 6. 
 
2.  CYCLOSTATIONARY ANALYSIS 

Many of the communication signals in use today 
exhibit inherent cyclostationary features arising from 
their underlying periodicity, such as repeating pilot or 
preambles, sinusoid carriers and spread coding, etc. 
This periodicity can result in special pattern of 
correlation in frequency domain, which is insensitive to 
noise and hence make the detection and classification 
of signals at low SNR possible. 

A signal 	(ݐ)ݔ is defined to be wide-sense 
cyclostationary if its mean and autocorrelation are 
periodic with period ଴ܶ:  ܯ௫(ݐ) = {(ݐ)ݔ}ܧ = ݐ)௫ܯ + ଴ܶ),ܴ௫(ݐ, ߬) = ݐ)ݔ}ܧ − ݐ)∗ݔ(2/߬ + ߬/2)}= ܴ௫(ݐ + ଴ܶ, ߬).  (1) 

Such periodicity in 	ݐ with period ଴ܶ can be 
expressed as a Fourier series [9]:  ܴ௫(ݐ, ߬) =෍ܴ௫ఈఈ (߬)݁௝ଶగఈ௧ (2) 

where 	ߙ = ݉/ ଴ܶ and 	݉ is an integer. The Fourier 
coefficient can be then obtained by,  ܴ௫ఈ(߬) = lim்→ஶ 1ܶ න ܴ௫்/ଶ

ି்/ଶ ,ݐ) ߬)݁ି௝ଶగఈ௧݀(3) ݐ 

The cyclic Wiener relation states [3] that the 
spectral correlation function (SCF) can be obtained 
from the Fourier transform of the cyclic autocorrelation 
in 3,  ܵ௫ఈ(݂) = න ܴ௫ఈஶ

ିஶ (߬)݁ି௝ଶగఈఛ݀߬ (4) 

Practically, the spectrally smoothed cyclic 
periodogram is used to approximate SCF:  ܵ௫೅ఈ ,ݐ) ݂) = 1ܶ ,ݐ)்ܺ ݂ + ,ݐ)்∗ܺ(2/ߙ ݂ −  (5) ,(2/ߙ

where ்ܺ is the time-variant Fourier transform defined 
as:  ்ܺ(ݐ, ݂) = න ௙ା்/ଶݔ

௙ି்/ଶ  (6) .ݑ௝ଶగ௙௨݀ି݁(ݑ)

The SCF can be then estimated by frequency 
smoothing of the cyclic periodogram together with 
increasing observation time and reducing smoothing 
window size:  ܵ௫ఈ(݂) = lim୼௙→଴ lim்→ஶ න݂߂1 ܵ௫೅ఈ௙ା୼௙/ଶ

௙ି୼௙/ଶ ,ݐ)  (7) .ݑ݀(ݑ

An example of QPSK signals SCD is shown in 
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