
METHODS FOR DETERMINING WHETHER A SIGNAL INCLUDES A WANTED SIGNAL AND
APPARATUSES CONFIGURED TO DETERMINE WHETHER A SIGNAL INCLUDES A WANTED
SIGNAL Technical Field [0001] Embodiments relate to methods for determining
whether a signal includes a wanted signal and apparatuses configured to
determine whether a signal includes a wanted signal. Background [0002] In
various applications, it may be desired to know whether a signal includes a
wanted signal. For example, when it is determined that a received signal
does not include a wanted signal, it may be judged that the resources (for
example frequencies, time slots, codes), which do not include a wanted
signal, may be used for data transmission. This may lead to an efficient
usage of the resources available. Summary [0003] In various embodiments, a
method for determining whether a signal includes a wanted signal may be
provided. The method may include determining a frequency at which the
signal has a signal energy above a first pre-defined signal energy
threshold and determining whether the signal includes a wanted signal,
based on whether the signal hasa signal energy above a second pre-defined
signal energy threshold in a pre-defined frequency range in a frequency
neighborhood of the determined frequency. [0004] In various embodiments, an
apparatus configured to determine whether a 



signal includes a wanted signal may be provided. The apparatus may include
a first determination circuit configured to determine a frequency at which
the signal has a signal energy above a first pre-defined signal energy
threshold and a second determination circuit configured to determine
whether the signal includes a wanted signal, based on whether the signal
has a signal energy above a second pre-defined signal energy threshold in a
pre-defined frequency range in a frequency neighborhood of the determined
frequency. Brief Description of the Drawings [0005] In the drawings, like
reference characters generally refer to the same parts throughout the
different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the
invention are described with reference to the following drawings, in which:
FIG. 1 shows a flow diagram illustrating a method for determining whether a
signal includes a wanted signal in accordance with an embodiment; FIG. 2
shows an apparatus configured to determine whether a signal includes a
wanted signal in accordance with an embodiment; FIG. 3 shows an apparatus
configured to determine whether a signal includes a wanted signal in
accordance with an embodiment;FIG. 4 shows a flow diagram illustrating a
method for determining whether a signal includes a wanted signal in
accordance with an embodiment; 



FIG. 5 shows a diagram illustrating the detection performance for a
frequency modulated signal in accordance with an embodiment; FIG. 6 shows a
diagram illustrating the detection performance for SC (Single Carrier)
signals in accordance with an embodiment; FIG. 7 shows a diagram
illustrating the detection performance where a frequency modulated signal
is the desired signal and single carrier signal is the interference
(spurious signal) in accordance with an embodiment, where the interference
to noise ratio (INR) is OdB; and FIG. 8 shows a diagram illustrating the
detection performance where a frequency modulated signal is the desired
signal and single carrier signal is the interference (spurious signal) in
accordance with an embodiment, where the interference to noise ratio (INR)
is 1OdB. Description [0006] In various embodiments, a method may be
provided to detect if there is an signal of interest (in other words: a
wanted signal, also referred to as useful signal) embedded in spurious
interference and noise. The method may be based on received signal power
spectral density or average amplitude of spectrum. The method may not need
any information of channel response and noise power. Compared to commonly
used energy detection, which may desire knowledge about exact noise power
as a priori information, and which may be vulnerable to noise uncertainty
and spurious interference,the method of identification of signal embedded
in spurious and noise according to 



various embodiments may overcome the difficulties and therefore may
simplify practical implementation and may be robust in changing
environment. [0007] hi various embodiments, methods and systems may be
provided to detect the existence of signal embedded in spurious
interference and noises. The methods and systems may be used in cognitive
radio, spectrum pooling, sensor network and other communication systems.
[0008] The following detailed description refers to the accompanying
drawings that show, by way of illustration, specific details and
embodiments in which the invention may be practiced. Other embodiments may
be utilized and structural, logical, and electrical changes may be made
without departing from the scope of the invention. The various embodiments
are not necessarily mutually exclusive, as some embodiments can be combined
with one or more other embodiments to form new embodiments. The following
detailed description therefore, is not to be taken in a limiting sense, and
the scope of the present invention is defined by the appended claims.
[0009] Various embodiments are provided for devices or apparatuses, and
various embodiments are provided for methods. It will be understood that
basic properties of the devices also hold for the methods and vice versa.
Therefore, for sake of brevity, duplicate description of such properties
may be omitted. [0010] The word "exemplary" is used herein to mean "serving
as an example, instance, or illustration". Any embodiment or design
described herein as "exemplary" is 



not necessarily to be construed as preferred or advantageous over other
embodiments or designs.[0011] The apparatus according to various
embodiments may include a memory which is for example used in the
processing carried out by the image encoding apparatus. A memory used in
the embodiments may be a volatile memory, for example a DRAM (Dynamic
Random Access Memory) or a non-volatile memory, for example a PROM
(Programmable Read Only Memory), an EPROM (Erasable PROM), EEPROM
(Electrically Erasable PROM), or a flash memory, e.g., a floating gate
memory, a charge trapping memory, an MRAM (Magnetoresistive Random Access
Memory) or a PCRAM (Phase Change Random Access Memory). [0012] In an
embodiment, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor
executing software stored in a memory, firmware, or any combination
thereof. Thus, in an embodiment, a "circuit" may be a hard-wired logic
circuit or a programmable logic circuit such as a programmable processor,
e.g. a microprocessor (e.g. a Complex Instruction Set Computer (CISC)
processor or a Reduced Instruction Set Computer (RISC) processor). A
"circuit" may also be a processor executing software, e.g. any kind of
computer program, e.g. a computer program using a virtual machine code such
as e.g. Java. Any other kind of implementation of the respective functions
which will be described in more detail below may also be understood as a
"circuit" in accordance with an alternative embodiment. 



[0013] The terms "coupling" or "connection" are intended to include a
direct "coupling" or direct "connection" as well as an indirect "coupling"
or indirect "connection", respectively.[0014] In various embodiments, a
(radio) resource of one or more (radio) resources will be understood as for
example transmission frequency, transmission modulation scheme,
transmission code, and/or transmission time slot, or any other feature of a
transmitted signal. [0015] hi various applications, it may be desired to
know whether a signal includes a wanted signal. For example, when it is
determined that a received signal does not include a wanted signal, it may
be judged that the resources (for example radio resource, e.g. mobile radio
resources such as e.g. frequencies, time slots, codes), which do not
include a wanted signal, may be used for data transmission. This may lead
to an efficient usage of the resources available. [0016] FIG. 1 shows a
flow diagram 100 illustrating a method for determining whether a signal
includes a wanted signal in accordance with an embodiment. In 102, a
frequency may be determined at which the signal has a signal energy above a
first pre defined signal energy threshold. When determining whether the
signal includes a wanted signal, it may be determined whether the signal
includes a wanted signal, based on whether the signal has a signal energy
above a second pre-defined signal energy threshold in a pre-defined
frequency range in a frequency neighborhood of the determined frequency. 



[0017] In various embodiments, determining a frequency at which the signal
has a signal energy above a first pre-defined signal energy threshold may
include performing a spectral transform of the signal to determine one or
more spectral transform coefficients of the signal.[0018] In various
embodiments, determining a frequency at which the signal has a signal
energy above a first pre-defined signal energy threshold may include
computing a power of a norm of one or more spectral transform coefficients
each representing a common pre-determined frequency as a preliminary
frequency candidate characteristic for the common pre-determined frequency.
[0019] In various embodiments, performing the spectral transform of the
signal may include dividing the signal into one or more signal blocks of a
pre-determined length of time. [0020] In various embodiments, performing
the spectral transform of the signal further include performing a spectral
transformation of each of the one or more signal blocks by computing one or
more spectral transform coefficients of each of the one or more signal
blocks. [0021] In various embodiments, the spectral transformation may
include a Fourier transformation. In various embodiments, spectral
transformation may include a discrete Fourier transformation. In various
embodiments, the spectral transformation may include a fast Fourier
transformation. In various embodiments, the spectral transformation may
include a discrete cosine transformation. In various embodiments, the
spectral 



transformation may include a discrete sine transformation. In various
embodiments, determining a frequency at which the signal has a signal
energy above a first pre-defined signal energy threshold may further
include determining for one or more frequency candidates whether the
frequency of the frequency candidate is a frequency at which the signal has
a signal energy above a first pre-defined signal energy threshold.[0022] In
various embodiments, a frequency candidate of the one or more frequency
candidates may be a frequency represented by one of the one or more
spectral transform coefficients. In various embodiments, each frequency
candidate of the one or more frequency candidates may be a frequency
represented by one of the one or more spectral transform coefficients. In
various embodiments, each two neighboring frequency candidates may be
separated by a frequency separation in a range from 100 Hz to 20 kHz. In
various embodiments, each two neighboring frequency candidates may be
separated by a frequency separation in a range from 1kHz to 10 kHz. In
various embodiments, each two neighboring frequency candidates may be
separated by a frequency separation in a range from 2 kHz to 4 kHz. [0023]
In various embodiments, each two neighboring frequency candidates may be
separated by a frequency separation of 2 kHz, for example 2048 Hz. [0024]
In various embodiments, each two neighboring frequency candidates may be
separated by a frequency separation of 4 kHz. [0025] In various
embodiments, each two neighboring frequency candidates may be separated by
a frequency separation of 8 kHz. 



[0026] In various embodiments, determining a frequency at which the signal
has a signal energy above a first pre-defined signal energy threshold may
further include computing a power of a norm of corresponding coefficients
for each corresponding spectral transform coefficient for the one or more
signal blocks as a preliminary frequency candidate characteristic. [0027]
In various embodiments, the power may be the first power, and the norm may
be the one-norm. In other words, the sum of the absolute values of the
spectral transformcoefficients may be computed. In various embodiments, the
power may be the second power, and the norm may be the two-norm. In other
words, the sum of the squares of the spectral transform coefficients may be
computed. [0028] In various embodiments, determining a frequency at which
the signal has a signal energy above a first pre-defined signal energy
threshold may further include computing the power spectral density (PSD) of
the signal as a preliminary frequency candidate characteristic. In various
embodiments, determining a frequency at which the signal has a signal
energy above a first pre-defined signal energy threshold may further
include computing the average amplitude (AAM) of the signal as a
preliminary frequency candidate characteristic. [0029] In various
embodiments, determining a frequency at which the signal has a signal
energy above a first pre-defined signal energy threshold may include
prewhitening of the signal to get a frequency candidate characteristic.
[0030] In various embodiments, pre-whitening may include multiplying the 



preliminary frequency candidate characteristic with a pre-determined
factor. [0031] In various embodiments, the pre-determined factor may be the
power spectral density (PSD) for noise only. In various embodiments, the
pre-determined factor may be the average amplitude (AAM) for noise only.
[0032] In various embodiments, determining a frequency at which the signal
has a signal energy above a first pre-defined signal energy threshold may
further include using the preliminary frequency candidate as a frequency
candidate characteristic.[0033] In various embodiments, determining a
frequency at which the signal has a signal energy above a first pre-defined
signal energy threshold may further include computing a statistical value
of the distribution of the frequency candidate characteristic. [0034] In
various embodiments, the statistical value may be a mean value hi various
embodiments, the statistical value may be a pre-defined quartile. In
various embodiments, the statistical value may be a pre-defined decile. In
various embodiments, the statistical value may be a pre-defined percentile
hi various embodiments, the statistical value may be a median value. [0035]
In various embodiments, the statistical value may be computed from the
preliminary frequency candidate, and the statistical value may then be
pre-whitened. [0036] In various embodiments, when determining a frequency
at which the signal has a signal energy above a first pre-defined signal
energy threshold, a frequency for which the frequency candidate
characteristic is larger than a pre-determined threshold may be determined
as a frequency at which the signal has a signal energy above a first 



pre-defined signal energy threshold. [0037] In various embodiments, when
determining a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold, a frequency that fulfills a
condition with respect to the computed statistical value may be determined
as a frequency at which the signal has a signal energy above a first
pre-defined signal energy threshold. [0038] In various embodiments, when
determining a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold, a frequency for which the
frequency candidate characteristic is a local maximum with respect
tofrequency candidate characteristics representing adjacent frequencies may
be determined as a frequency at which the signal has a signal energy above
a first pre-defined signal energy threshold. [0039] In various embodiments,
when determining a frequency at which the signal has a signal energy above
a first pre-defined signal energy threshold, a frequency that fulfills a
condition with respect to the computed statistical value may be determined
as a frequency at which the signal has a signal energy above a first
pre-defined signal energy threshold. [0040] In various embodiments, the
first pre-defined signal energy threshold may be based on the statistical
value. In various embodiments, the first pre-defined signal energy
threshold may be the statistical value multiplied with a pre-determined
factor. [0041] In various embodiments, the second pre-defined signal energy
threshold may 



be pre-defined based on the signal energy of the frequency determined when
determining a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold. In various embodiments, the
second pre-defined signal energy threshold may be the signal energy of the
frequency determined when determining a frequency at which the signal has a
signal energy above a first pre-defined signal energy threshold, multiplied
by a pre-determined factor. [0042] In various embodiments, the
pre-determined factor may be in the range of 0.5 to 1. [0043] In various
embodiments, when determining whether the signal includes a wanted signal,
the determination whether the signal has a signal energy above a second
pre-defined signal energy threshold in a pre-defined frequency range in a
frequencyneighborhood of the determined frequency may include computing the
standard deviation of the signal energies in the pre-defined frequency
range. [0044] In various embodiments, when determining whether the signal
includes a wanted signal, the determination whether the signal has a signal
energy above a second pre-defined signal energy threshold in a pre-defined
frequency range in a frequency neighborhood of the determined frequency may
include determining whether the computed standard deviation of the signal
energies in the pre-defined frequency range is below a pre-determined
threshold. [0045] In various embodiments, the pre-defined frequency range
may include a pre determined number of frequencies each represented by one
of the spectral transform 



coefficients. [0046] In various embodiments, the pre-defined frequency
range may include a pre determined number of frequencies adjacent to the
frequency determined when determining a frequency at which the signal has a
signal energy above a first pre-defined signal energy threshold, each
represented by one of the spectral transform coefficients. [0047] In
various embodiments, the number of pre-determined frequencies may be in the
range from 5 to 20. In various embodiments, the number of pre-determined
adjacent frequencies may be 10. In various embodiments, the signal energy
of a frequency may include the frequency characteristic of the frequency.
[0048] In various embodiments, when determining whether the signal includes
a wanted signal, it may be determined that the signal includes a wanted
signal, if it is determined that the signal has a signal energy above a
second pre-defined signal energythreshold in a pre-defined frequency range
in a frequency neighborhood of the determined frequency. [0049] In various
embodiments, when determining whether the signal includes a wanted signal,
it may be determined that the signal does not include a wanted signal, if
it is determined that there is no signal that has a signal energy above a
second pre-defined signal energy threshold in a pre-defined frequency range
in a frequency neighborhood of the determined frequency. It will be
understood that it may be determined that there does not exist a wanted
signal, in case no frequency may be determined when determining a frequency
at which the signal has a signal energy above a first pre-defined signal
energy 



threshold. [0050] hi various embodiments, a method may be provided to
detect if there is an signal of interest (in other words: a wanted signal)
embedded in spurious interference and noise. The method may be based on
received signal power spectral density or average amplitude of spectrum.
The method may not need any information of channel response and noise
power. Compared to commonly used energy detection, which may be vulnerable
to noise uncertainty and spurious interference, methods according to
various embodiments may overcome the difficulties and therefore may
simplify practical implementation and may be robust in changing
environment. [0051] According to various embodiments, an signal of interest
(in other words: a wanted signal) embedded in spurious and noise may be
detected. According to various embodiments, an signal of interest may be
differentiated from spurious and noise. [0052] According to various
embodiments, detection threshold may be set based on sample size. According
to various embodiments, a detection threshold may not be relatedto noise
power. According to various embodiments, detection performance may be
robust to changing environment. [0053] The methods according to various
embodiments may reliably detect the occupancy or vacancy of a channel or
frequency band in a cognitive radio or spectrum pooling system in a harsh
environment with spurious interference and noise. Based on the reliable
detection, it may be possible to opportunistically use the vacant channels
for communication. Therefore, the technology may boost throughput or data
rate for a 



communication system. [0054] In various embodiments, TV (television) white
space may be opportunistically used, for example, it may be listened (in
other words: sensing may be performed) before it may be talked (in other
words: before transmission is performed). [0055] FIG. 2 shows an apparatus
200 configured to determine whether a signal includes a wanted signal in
accordance with an embodiment. The apparatus may include a first
determination circuit 202 configured to determine a frequency at which the
signal has a signal energy above a first pre-defined signal energy
threshold; and a second determination circuit 204 configured to determine
whether the signal includes a wanted signal, based on whether the signal
has a signal energy above a second pre-defined signal energy threshold in a
pre-defined frequency range in a frequency neighborhood of the determined
frequency. The first determination circuit 202 and the second determination
circuit 204 may be coupled with each other, e.g. via an electrical
connection 206 such as e.g. a cable or a computer bus or via any other
suitable electrical connection to exchange electrical signals.[0056] FIG. 3
shows an apparatus 300 configured to determine whether a signal includes a
wanted signal in accordance with an embodiment. The apparatus 300, similar
to the apparatus 200 of FIG. 2, may include a first determination circuit
302 and a second determination circuit 204. The first determination circuit
302 and the second determination circuit 204 may be coupled with each
other, e.g. via a first electrical connection 310 such as e.g. a cable or a
computer bus or via any other suitable electrical 



connection to exchange electrical signals. [0057] In various embodiments,
the first determination circuit 302 may include a spectral transform
circuit 304 as will be explained below and/or a frequency candidate
characteristic computation circuit 306 as will be explained below and/or a
statistical value computation circuit 308. The spectral transform circuit
304 and/or the frequency candidate characteristic computation circuit 306
and/or the statistical value computation circuit 308 may be coupled with
each other, e.g. via a second electrical connection 312 such as e.g. a
cable or a computer bus or via any other suitable electrical connection to
exchange electrical signals. [0058] In various embodiments, the spectral
transform circuit 304 may be configured to perform a spectral transform of
the signal to determine one or more spectral transform coefficients of the
signal. [0059] In various embodiments, the spectral transform circuit 304
may be configured to, when performing the spectral transform of the signal,
divide the signal into one or more signal blocks of a pre-determined length
of time. [0060] In various embodiments, the first determination circuit 304
may further be configured to compute a power of a norm of one or more
spectral transform coefficientseach representing a common pre-determined
frequency as a preliminary frequency candidate characteristic for the
common pre-determined frequency. [0061] In various embodiments, the
spectral transform circuit 304 may be configured to, when performing the
spectral transform of the signal, further perform a spectral 



transformation of each of the one or more signal blocks by computing one or
more spectral transform coefficients of each of the one or more signal
blocks. [0062] In various embodiments, the spectral transformation may
include a Fourier transformation. In various embodiments, the spectral
transformation may include a discrete Fourier transformation hi various
embodiments, the spectral transformation may include a fast Fourier
transformation. In various embodiments, the spectral transformation may
include a discrete cosine transformation. In various embodiments, the
spectral transformation may include a discrete sine transformation. [0063]
In various embodiments, the first determination circuit 302 may be further
configured to determine for one or more frequency candidates whether the
frequency of the frequency candidate is a frequency at which the signal has
a signal energy above a first pre-defined signal energy threshold. [0064]
In various embodiments, a frequency candidate of the one or more frequency
candidates may be a frequency represented by one of the one or more
spectral transform coefficients. In various embodiments, each frequency
candidate of the one or more frequency candidates may be a frequency
represented by one of the one or more spectral transform coefficients.
[0065] In various embodiments, each two neighboring frequency candidates
may be separated by a frequency separation in a range from 100 Hz to 20
kHz. hi variousembodiments, each two neighboring frequency candidates may
be separated by a frequency separation in a range from 1kHz to 10 kHz. In
various embodiments, each 



two neighboring frequency candidates may be separated by a frequency
separation in a range from 2 kHz to 4 kHz. In various embodiments, each two
neighboring frequency candidates may be separated by a frequency separation
of 2 kHz. In various embodiments, each two neighboring frequency candidates
may be separated by a frequency separation of 2048 Hz. In various
embodiments, each two neighboring frequency candidates may be separated by
a frequency separation of 4 kHz. [0066] In various embodiments, the first
determination circuit may further be configured to compute a power of a
norm of corresponding coefficients for each corresponding spectral
transform coefficient for the one or more signal blocks as a preliminary
frequency candidate characteristic. [0067] In various embodiments, the
power may be the first power, and the norm may be the one-norm. In various
embodiments, the power may be the second power, and the norm may be the
two-norm. In various embodiments, the frequency candidate characteristic
computation circuit 306 may be configured to compute at least one of the
power spectral density (PSD) of the signal and the average amplitude (AAM)
of the signal as a preliminary frequency candidate characteristic. [0068]
In various embodiments, the first determination circuit 302 may be further
configured to perform at least one of the following: pre-whiten of the
signal to get a frequency candidate characteristic and use the preliminary
frequency candidate as a frequency candidate characteristic. In various
embodiments, pre-whitening may includemultiplying the preliminary frequency
candidate characteristic with a pre-determined 



factor. [0069] In various embodiments, the pre-determined factor may be the
power spectral density (PSD) for noise only. In various embodiments, the
pre-determined factor may be the average amplitude (AAM) for noise only.
[0070] In various embodiments, the statistical value computation circuit
308 may be configured to compute a statistical value of the distribution of
the frequency candidate characteristic. In various embodiments, the
statistical value may be a mean value, hi various embodiments, the
statistical value may be a pre-defined quartile. In various embodiments,
the statistical value may be a pre-defined decile hi various embodiments,
the statistical value may be a pre-defined percentile hi various
embodiments, the statistical value may be a median value. [0071] hi various
embodiments, the first determination circuit 302 may be further configured
to determine a frequency for which the frequency candidate characteristic
is larger than a pre-determined threshold as a frequency at which the
signal has a signal energy above a first pre-defined signal energy
threshold. [0072] hi various embodiments, the first determination circuit
302 may further be configured to determine a frequency that fulfills a
condition with respect to the computed statistical value as a frequency at
which the signal has a signal energy above a first pre defined signal
energy threshold. [0073] hi various embodiments, the first determination
circuit may further be 



configured to determine a frequency for which the frequency candidate
characteristic is a local maximum with respect to frequency candidate
characteristics representing adjacentfrequencies as a frequency at which
the signal has a signal energy above a first pre defined signal energy
threshold. [0074] In various embodiments, the first determination circuit
302 may further be configured to determine a frequency that fulfills a
condition with respect to the computed statistical value as a frequency at
which the signal has a signal energy above a first pre defined signal
energy threshold. [0075] In various embodiments, the first pre-defined
signal energy threshold may be based on the statistical value. [0076] In
various embodiments, the first pre-defined signal energy threshold may be
the statistical value multiplied with a pre-determined factor. [0077] In
various embodiments, the second pre-defined signal energy threshold may be
pre-defined based on the signal energy of the frequency determined by the
first determination circuit 302. [0078] In various embodiments, the second
pre-defined signal energy threshold may be the signal energy of the
frequency determined by the first determination circuit 302 multiplied by a
pre-determined factor. [0079] In various embodiments, the pre-determined
factor is in the range of 0.5 to 1. [0080] In various embodiments, the
second determination circuit 302 may further be configured to, when
determining whether the signal has a signal energy above a second 



pre-defined signal energy threshold in a pre-defined frequency range in a
frequency neighborhood of the determined frequency, further compute the
standard deviation of the signal energies in the pre-defined frequency
range.[0081] In various embodiments, the second determination circuit 302
may further be configured to, when determining whether the signal has a
signal energy above a second pre-defined signal energy threshold in a
pre-defined frequency range in a frequency neighborhood of the determined
frequency, further determine whether the computed standard deviation of the
signal energies in the pre-defined frequency range is below a
pre-determined threshold. [0082] In various embodiments, the pre-defined
frequency range may include a pre determined number of frequencies each
represented by one of the spectral transform coefficients. [0083] In
various embodiments, the pre-defined frequency range may include a pre
determined number of frequencies adjacent to the frequency determined by
the first determination circuit 302, each represented by one of the
spectral transform coefficients. [0084] In various embodiments, the number
of pre-determined frequencies may be in the range from 5 to 20. [0085] In
various embodiments, the number of pre-determined adjacent frequencies
maybe 10. [0086] In various embodiments, the signal energy of a frequency
may include the frequency characteristic of the frequency. 



[0087] In various embodiments, the second determination circuit 302 may
further be configured to determine that the signal includes a wanted
signal, if it determines that the signal has a signal energy above a second
pre-defined signal energy threshold in a pre defined frequency range in a
frequency neighborhood of the determined frequency.[0088] According to
various embodiments, a method and system to detect the occupancy or vacancy
of a channel or frequency band with possible spurious interferences without
knowledge of the channel and noise power may be provided. [0089] Various
embodiments may be applied in cognitive radio, sensor network, and any
wired or wireless communication system which may use sensing based multiple
access. Various embodiments may be used for sensing (for example signal
detection of) a channel or frequency band when there is no knowledge of the
channel and noise power. [0090] According to various embodiments, a method
may include the following: [0091] - Compute the power spectral density
(PSD) or the average amplitude (AAM) in frequency, as will be explained in
more detail below, of the received signal; [0092] - Pre-whiten the PSD or
AAM, as will be explained in more detail below; [0093] - Find possible
frequency locations of signal and spurious; and [0094] - Check all the
locations to see if signal or spurious is there. [0095] In various
embodiments, spurious and interference may be present. For example, a
received signal may not only contain a desired signal and white noise, but
also some spurious signal and interference. [0096] Commonly used detection
methods may not differentiate such undesired 



signals with desired signal. This may increase the probability of false
alarm. According to various embodiments, a new method may be provided to
detect desired signal and at the same time reject spurious signal. [0097]
In various embodiments, a frequency location of a spurious signal may be
unknown. In various embodiments, it may be anywhere within a channel.[0098]
In various embodiments, there may be multiple spurious signals within the
same channel. [0099] In various embodiments, a signal strength of a
spurious may be unknown. [00100] In various embodiments, a channel response
and frequency offset may be unknown. This may cause coherent detection to
be unreliable in commonly used methods. [00101] According to various
embodiments, a method with low complexity, for example low computational
complexity, may be provided, and may be easy for implementation. [00102] In
various embodiments, two hypotheses (for example "wanted signal present"
and "wanted signal not present") may be checked, as will be explained in
the following. [00103] For example, let y(t) be a continuous time received
signal. It may be assumed that the frequency band with central frequency f
cand bandwidth W may be the frequency band of interest. In various
embodiments, the received signal y(t) may be sampled at a sampling rate f s
, for example where f s  W. Ts = 1/ f s may be the 



sampling period. The received discrete signal may then bex(n) = y(nTs) .
There may be two hypotheses: H0 : signal does not exist; and H1: signal
exists. The received signal samples under the two hypotheses may be
therefore respectively as follows: H0 :x(n) =h{n) + pt(n) and i=l Hi :x(n)
=s(n) +h(n) + pi(n), i=lwhere s(n) may be the transmitted signal (in other
words: the wanted signal) passed through a wireless channel (including
fading and multipath effect), pi(n) may be a possible spurious signal
and?7(n) maybe the white noise samples. In various embodiments, s(n) maybe
the superposition of multiple signals. The spurious signal Pi(n) may be an
extremely narrowband signal. Commonly used detection algorithms may not
differentiate the transmitted signal s(n) and spurious signal pc(n).
Therefore, these algorithms may produce false alarm when spurious signal
presents, that is, even if an signal of interest is not presents, the
algorithms may wrongly report "signal present" due to the interference of
the spurious signals. [00104] The methods and apparatuses according to
various embodiments provide good detection results. According to various
embodiments, a detection algorithm based on power spectrum density or FFT
of the received signal to identify signal of interests from spurious and
noise may be provided. [00105] In the following, computation of the PSD and
AAM, as may be used in 



various embodiments, will be described in more detail. [00106] Let N be the
number of received signal samples. The signal samples may be divided into
blocks of length M, where M may be the FFT size. Let the xm (n) for example
be defined as follows: xm(n) =c(mM +n),m =0,l,...,N/M - \;n =0,l,...,M - 1.
[00107] LetX n (k) for example be the FFT (fast Fourier transform) ofxm(")
, k - 0,1,...,M -1. The PSD of the received signal may be defined asP,(#i)
= pr"f,n 0,l,...,M-l . m=0 [00108] In various embodiments, the average
amplitude (AAM) defined as NlM-X A"= mr" m =o,i,...,M-i may be used.
[00109] For white noise signal, the PSD or the AAM may be a constant for
n=0, 1,.. .,M- 1. For a spurious signal, the PSD or the AAM may be
constrained in J subcarriers only, where J may be a parameter related to
the FFT size M, the channel bandwidth considered, and the probability of
false alarm. For an signal of interest, its PSD or the AAM may be spread
into more than J subcarriers. [00110] FIG. 4 shows a flow diagram 400
illustrating a method for determining whether a signal (for example a
received signal) includes a wanted signal in accordance with an embodiment.



[00111] In the flow-chart 400 of the identification of signal embedded in
spurious and noise, several items are shown. However, it will be
understood, that not all of them have to be performed, and that additional
items may be present. [00112] In 402, the received signal may be sampled
and filtered as described above. [00113] In 404, the received signal
samples may be divided into blocks, for example of length M, and the FFT of
each block may be computed. [00114] hi 406, the PSD or the AAM may be
computed, for example by averaging on the FFT output as described above,
and the PSD or AAM may be pre-whitened, for example by dividing the PSD by
the noise PSD or by dividing the AAM by the noise AAM.[00115] In more
detail, the pre-whitening may be performed as follows: where W(") may be
the PSD or the AAM for noise only. [00116] In 408, the mean of the
pre-whitened PSD or AAM may be computed, and the possible signal indices
may be found by comparing the PSD or AAM to the mean. For example, the PSD
or AAM may be compared with the mean, and all indices, such that the PSD or
AAM is larger than a threshold times the mean may be found. [00117] In more
detail, the mean value of the pre-whitened PSD or AAM may be computed and
defined it as Lmean . Then, all indices n may be found such that , 00 >
rAmean r K(") > YxKean [00118] Where g may be a threshold which may be set
based on the requirement on probability of false alarm. For example, let
the set of such indices be W, which may 



contain all possible signal indices. [001 19] In 4 10, for every possible
signal/ spurious index, it may be checked if it is a local peak. It is to
be noted that for a detected signal/ spurious index, the frequency may be a
frequency related to a signal of interest or to spurious. In accordance
with various embodiments, further determination may be made to determine
whether the frequency related to the signal/ spurious index is related to a
signal of interest or to spurious. [00120] In more detail, for every index
n in W, it may be checked whether Px(") is a local peak, for example it may
be checked whether Px(n - 1) < Px(n) and Px( + 1) < Px(H) .[00121] In 412,
for every local peak index (for example as determined in 410), the values
of the PSD or AAM or the pre-whitened PSD or the pre-whitened AAM may be
checked for surrounding points, for example for the surrounding L points
with a pre determined number L, and it may be identified as a signal index
if the STD of the surrounding points, for example the L points, is smaller
than a threshold g2, for example a pre-defined threshold g2 . [00122] In
414, a decision may be made: if there is at least one signal index, a
signal exists; otherwise, signal does not exist. In other words: if there
is at least one signal index, it may be determined that a signal exists;
otherwise, it may be determined that a signal does not exist. [00123] In
the following, simulation results for various methods and apparatuses
according to various embodiments will be described. 



[00124] For example, the following simulation settings may be used: [00125]
- Channel bandwidth: 6 MHz; [00126] - Sampling rate: 24.75 MHz; [00127] -
FFT size: 2048; [00128] - Sensing time: 8.3 ms (for example, an average on
100 FFTs is computed, for example using PSD or AAM as described above); and
[00129] - Probability of false alarm: 0.01, for example, the thresholds and
other parameters as described above may be set so that the method provides
a probability of false alarm of 0.01. [00130] As will be explained in more
detail below, the simulations show that the methods and apparatuses
according to various embodiments may effectively detect thedesired signal
while at the same time reject the spurious signal. The methods and
apparatuses may not need any information on the signal, channel and noise
power. [00131] FIG. 5 shows a diagram 500 illustrating the detection
performance for a frequency modulated signal in accordance with an
embodiment. A plot 506 showing the relation between the signal to noise
ratio (SNR) in dB indicated by a first axis 502, and a probability of
detection indicated by a second axis 504 is shown. [00132] As indicated by
plot 506, the probability of detection may increase with increasing SNR,
and from a SNR of about -15dB, the probability of detection may be
approximately 1, i.e. a signal may approximately always be detected if it
is present. [00133] FIG. 6 shows a diagram illustrating the detection
performance for SC (Single 



Carrier) signals (for example simulated spurious signal, interference) in
accordance with an embodiment. A plot 606 showing the relation between the
signal to noise ratio (SNR) in dB indicated by a first axis 602, and a
probability of detection indicated by a second axis 604 is shown. [00134]
FIG. 7 shows a diagram illustrating the detection performance for a
frequency modulated (FM) signal when SC interference exists in accordance
with an embodiment. For example, a FM signal plus spurious (SC signal) is
present, wherein the FM is the desired (in other words: wanted) signal. The
interference to noise ratio (INR) is 0 dB at this case. A plot 706 showing
the relation between the signal to noise ratio (SNR) in dB indicated by a
first axis 702, and a probability of detection indicated by a second axis
704 is shown.[00135] As indicated by plot 706, the probability of detection
may increase with increasing SNR, and from a SNR of about -15dB, the
probability of detection may be approximately 1, i.e. a signal may
approximately always be detected if it is present. [00136] FIG. 8 shows a
diagram illustrating the detection performance for a frequency modulated
signal when SC interference exists in accordance with an embodiment. For
example, a FM signal plus spurious is present, wherein the FM is the
desired (in other words: wanted) signal. The interference to noise ratio
(ESTR) is 10 dB at this case. A plot 806 showing the relation between the
signal to noise ratio (SNR) in dB indicated by a first axis 802, and a
probability of detection indicated by a second axis 804 is shown. [00137]
As indicated by plot 806, the probability of detection may increase with 



increasing SNR, and from a SNR of about -5dB, the probability of detection
may b e approximately 1, i.e. a signal may approximately always be detected
if it is present. [00138] While the invention has been particularly shown
and described with reference to specific embodiments, it should be
understood by those skilled in the art that various changes in form and
detail may be made therein without departing from the spirit and scope of
the invention as defined by the appended claims. The scope of the invention
is thus indicated by the appended claims and all changes which come within
the meaning and range of equivalency of the claims are therefore intended
to be embraced.Claims What is claimed is: 1. A method for determining
whether a signal comprises a wanted signal, the method comprising:
determining a frequency at which the signal has a signal energy above a
first pre defined signal energy threshold; and determining whether the
signal comprises a wanted signal, based on whether the signal has a signal
energy above a second pre-defined signal energy threshold in a pre-defined
frequency range in a frequency neighborhood of the determined frequency. 2.
The method of claim 1, wherein determining a frequency at which the signal
has a signal energy above a first pre-defined signal energy threshold
comprises performing a spectral 



transform of the signal to determine one or more spectral transform
coefficients of the signal. 3. The method of claim 2, wherein determining a
frequency at which the signal has a signal energy above a first pre-defined
signal energy threshold comprises computing a power of a norm of one or
more spectral transform coefficients each representing a common pre
determined frequency as a preliminary frequency candidate characteristic
for the common pre-determined frequency.4. The method of any one of claims
1 to 3, wherein determining a frequency at which the signal has a signal
energy above a first pre-defined signal energy threshold further comprises
computing at least one of the power spectral density of the signal and the
average amplitude of the signal as a preliminary frequency candidate
characteristic. 5. The method of any one of claims 1 to 4, wherein
determining a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold comprises at least one of
pre-whitening of the signal to get a frequency candidate characteristic and
using the preliminary frequency candidate as a frequency candidate
characteristic. 6. The method of claim 5, wherein determining a frequency
at which the signal has a signal energy above a first pre-defined signal
energy threshold further comprises computing a statistical 



value of the distribution of the frequency candidate characteristic. 7. The
method of any one of claims 5 to 6, wherein when determining a frequency at
which the signal has a signal energy above a first pre-defined signal
energy threshold, a frequency for which the frequency candidate
characteristic is larger than a pre-determined threshold isdetermined as a
frequency at which the signal has a signal energy above a first pre-defined
signal energy threshold. 8. The method of any one of claims 6 to 7, wherein
when determining a frequency at which the signal has a signal energy above
a first pre-defined signal energy threshold, a frequency that fulfills a
condition with respect to the computed statistical value is determined as a
frequency at which the signal has a signal energy above a first pre-defined
signal energy threshold. 9. The method of any one of claims 5 to 8, wherein
when determining a frequency at which the signal has a signal energy above
a first pre-defined signal energy threshold, a frequency for which the
frequency candidate characteristic is a local maximum with respect to
frequency candidate characteristics representing adjacent frequencies is
determined as a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold. 10. The method of any one of
claims 1 to 9, 



wherein the second pre-defined signal energy threshold is pre-defined based
on the signal energy of the frequency determined when determining a
frequency at which the signal has a signal energy above a first pre-defined
signal energy threshold.11. The method of claim 10, wherein when
determining whether the signal comprises a wanted signal, the determination
whether the signal has a signal energy above a second pre-defined signal
energy threshold in a pre-defined frequency range in a frequency
neighborhood of the determined frequency comprises determining whether a
standard deviation of the signal energies in the pre-defined frequency
range is below a pre-determined threshold. 12. The method of any one of
claims 2 to 11, wherein the pre-defined frequency range comprises a
pre-determined number of frequencies each represented by one of the
spectral transform coefficients. 13. The method of any one of claims 1 to
12, wherein when determining whether the signal comprises a wanted signal,
it is determined that the signal comprises a wanted signal, if it is
determined that the signal has a signal energy above a second pre-defined
signal energy threshold in a pre-defined frequency range in a frequency
neighborhood of the determined frequency. 14. An apparatus configured to
determine whether a signal comprises a wanted signal, 



the apparatus comprising:a first determination circuit configured to
determine a frequency at which the signal has a signal energy above a first
pre-defined signal energy threshold; and a second determination circuit
configured to determine whether the signal comprises a wanted signal, based
on whether the signal has a signal energy above a second pre-defined signal
energy threshold in a pre-defined frequency range in a frequency
neighborhood of the determined frequency. 15. The apparatus of claim14,
wherein the first determination circuit comprises a spectral transform
circuit configured to perform a spectral transform of the signal to
determine one or more spectral transform coefficients of the signal. 16.
The apparatus of claim 15, wherein the first determination circuit is
further configured to compute a power of a norm of one or more spectral
transform coefficients each representing a common pre-determined frequency
as a preliminary frequency candidate characteristic for the common
pre-determined frequency. 17. The apparatus of claim 16, wherein the first
determination circuit further comprises a frequency candidate
characteristic computation circuit configured to compute at least one of
the power spectral density of the signal and the average amplitude of the
signal as a preliminary frequency candidate characteristic.18. The
apparatus of any one of claims 14 to 17, 



wherein the first determination circuit is further configured to perform at
least one of the following: pre-whiten of the signal to get a frequency
candidate characteristic and use the preliminary frequency candidate as a
frequency candidate characteristic. 19. The apparatus of claims 18, wherein
the first determination circuit further comprises a statistical value
computation circuit configured to compute a statistical value of the
distribution of the frequency candidate characteristic. 20. The apparatus
of any one of claims 18 to 19, wherein the first determination circuit is
further configured to determine a frequency for which the frequency
candidate characteristic is larger than a pre determined threshold as a
frequency at which the signal has a signal energy above a first pre-defined
signal energy threshold. 2 1. The apparatus of any one of claims 19 to 20,
wherein the first determination circuit is further configured to determine
a frequency that fulfills a condition with respect to the computed
statistical value as a frequency at which the signal has a signal energy
above a first pre-defined signal energy threshold.22. The apparatus of any
one of claims 18 to 2 1, wherein the first determination circuit is further
configured to determine a frequency for which the frequency candidate
characteristic is a local maximum 



with respect to frequency candidate characteristics representing adjacent
frequencies as a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold. 23. The apparatus of any one of
claims 1 to 22, wherein the second pre-defined signal energy threshold is
pre-defined based on the signal energy of the frequency determined by the
first determination circuit. 24. The apparatus of claim 23, wherein the
second determination circuit is further configured to, when determining
whether the signal has a signal energy above a second pre-defined signal
energy threshold in a pre-defined frequency range in a frequency
neighborhood of the determined frequency, determine whether a standard
deviation of the signal energies in the pre-defined frequency range is
below a pre determined threshold. 25. The apparatus of any one of claims 15
to 24, wherein the pre-defined frequency range comprises a pre-determined
number of frequencies each represented by one of the spectral transform
coefficients.6. The apparatus of any one of claims 1to 25, wherein the
second determination circuit is further configured to determine that the
signal comprises a wanted signal, if it determines that the signal has a
signal energy above a second pre-defined signal energy threshold in a
pre-defined frequency range in a frequency neighborhood of the determined
frequency. 


