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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 ﬁay be judged that the resources (for example frequencies, time slots,

cod;s), which do not include a wgnted signal, may be used for data transmission, This

may lead to an efficient usage of the resources available,

Summag{_

[0003] In various embodiments, a2 method for determining whether a signal includes a
wanted signal may be provided. The method may include determining a frequency at
which the signal hasa signal energy above a first pre-defined signal energy threshold and

. .determining whether the signal includes a wanted signal, based on whether the signal has



want ed signal may be provided. The nethod may include determning a
frequency at which the signal has a signal energy above a first
pre-defi neWGIHHMI5¥ner gy threshol d and , det ermni ng whetPaFISGRiN©/000071
signal, includes a wanted signal, based on whether the sig,nal has a
si gnal energy above a second pre-defined signal energy threshold in a
pre-defined frequency range in a .frequency nei ghborhood of the -
determ ned frequency. [0004]In various enbodi nents, an apparatus

configured,t.: i 2y S i ncl udes nt ed signal may
be provi de%i.gl&’fﬂgla aﬁ’t"%@é&g? li]lreﬁ%ﬁ?iﬂgde]ﬁgn a;‘l ?I}eﬁy et %rlﬁinhaagrf'gﬁh%ﬁr cui t
configured [ freguen t L,ch the signal has a signa
ener gy abog%a&g ‘ﬁl}rr ség ‘%?“eﬁég?ﬂcﬁé‘a‘g@ Oéﬁozﬂi\gghgllﬁﬁvn?lﬂ? gfﬂyf’ﬁcyand a second
det er mi nat circuit.confjgured to determ ng whether the signa

i ncl udes ato@gﬂt ed SYGITAF %@@Wqﬁﬁ“ﬁm%mﬁ@"iqe@ﬁlﬂmﬂ’éﬁw “’g’Fthal
ener gy above a.second pre-defined signal .energy threshold in a l
pr e- def medS‘Wg Sﬁﬁi/a HgLst 13“‘?’#’86]%&#69" e WRYBIABY epluderpdst
determ ned, frequency, Brief Descrjption of the Drawings [0005]in the
dr awi ngs, 4‘1‘%@9‘?"@% ’é%’ec"eﬁﬁi‘fé‘?:'@ékgm@’éﬁérﬁ&weyw grvehich e sigpaldanpsigeal t
t hroughout the different views. The drawi ngs are not necessarily to
scal e, enpREEYA0PYR EbPrgistned signabemergy %Pa'@@diﬂdﬂéwoﬂﬂ Hetsmmingtiong t he
principles of the invention. In the follow ng description, various
enbodi mentdresit configuredte detepming hotherdhe signabiingludes arwintadesigral, baset e

0] | owm ng drawi ngs, in which: FIG 1 shows a flow di agram

i 11 ust r at i Wepther thersigngl hasia simmelgnefeyiaheyesreednd preadefingd siendl goérgyles a
want ed signal in accordance w th an enbodi nent; FIG 2 shows an
appar at us thwslaldjinraseredefings feaqnense rayge e frequendygeighbothoddiefale a want ed
signal in accordance with an enbodi nent; FIG 3 shows an apparatus
conf i gur edletegnined Eemyqmey-whet her a signal includes a

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
instfaad generally Being placed uppﬁ illustrating the principles of the inven.tion. In the
following description, vatim.xs embodiments of the invention are described with reference
. to the following drawings, in which: |

FIG. 1 shows a flow diagram illustrating a2 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 cenfigured to determine whcthf-._g_a} signal includes.a

wanted signal in accordance with an embodiment;



_ wanted signal in accordance with an enbodi nent; FIG 4 shows
a flow diagramillustrating a nethod for detennining whether a signal
i ncl udes ayw@agbacissi gnal in accordance with an enbodi MPET/{SG2010/000971G,
5 shows a diagramillustrating the detection performance for a
frequency nodul ated signal in accordance with an enbodi nent;

FIG 6 shows a diagramillustrating the detection performance for SC
(Single Carrier) signals in accordance with an enbodi nent; FI G
7 shows a diagramillustrating the detectio r.f or mance re a
frequency rmduFHié‘thQW‘@ﬁngidéagf%ﬁkfé‘E?t’lnéa “?F]’Qﬁz‘?r%?ﬂnwv\%ﬁgé? rier
signal is the interference (spurious signal) in_accordance with an
enbodi mensigneltingiedes avapied signaliia aecerdapce Bt embofigepbNR) i s QdB; and
FIG 8 shows a diagramillustrating the detection performnce where a
frequency noduF¥l.&chewsndiagiam ilngraties the defeatiogpattorgigncedong Teaueasy i er
signal is the interference (spurious signal) in accordance with an
enbodi mentmodulaexaignhlen iacrtoedanes witle an ¢mbodohe® ratio (INR) is 10dB.
Description ‘

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 _detcction performance where a frequency
modulated signal is the desired signal and single carrier signal is the interference
(spurious signal) in accordax-lce vs}ith an embodiment, where the interference to noise ratio
(INR) is 0dB; and _

FIG. 8 shows a diagram illustrating the detection performance where a frequency
modulated signal is the desired signal and singlé carrier signal is the interfefence
(spurious signal) in accordance with an embodiment, where the interferencé to noise ratio

(INR) is 10dB.

Description
[0006) In various embodiments, a method may.r 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 regeived
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,

TN
!



(0006) I n various enbodi nents, a nethod may be provided to detect if
there is an(r) signal of interest (in other words: a wanted signal,
al so ref er mapl2a1@s27usef ul signal) enbedded i n spuri ous roTtSERb@resnee
and noi se. The nmethod may be based on received signal power spectral
density or average anplitude of spectrum The nethod may not need any
i nformati on of channel response and noi se power. Conpared to commonly
used energy detection, which may desire know edge about exact noi se

power as a_priofi. i é or.qat j on, ,an% g@i may be vul nerable to noise
uncer t ai nt € ﬁ%_dquﬂ] BRIt Fighal s ?dcdgﬁ HeSPHEPYISEC BPIsS afepidingteat i on
of signal enbeddeg I.n spurious and noi se accordi g}% to various -
embodi ment ¥y ephedimsnts mayoverceme theidiffigudtiesand theeatere sray simplify pragtical y
practical implenentation and may be robust in changing environment.
[0007] | n vimplementationsad mapbs robystinshasmggnsiyenmens may be provided to
detect the existence of signal enbedded in spurious .interference and
noi ses. ThEURE: holsvasieys epbedimentaenetings audbeysioms vwy b provisled suidasect the
spectrum pooling, sensor network and other communication systens.
[ 0008] The ¢stenppiofigjger embedded drespewriops inrferendecnd noisest Tbe astwdpami/i ng .
drawi ngs t hat ) ’
systerus may be used in cognitive radio, spectrum pooling, sensor network and other
communication systems.
foD08] The following detailed description refers to the accompanying drawings that
show, by way of illustration, speéiﬁc 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.



show, by way of illustration, specific details and enbodi nents in
whi ch the invention may be practiced. O her enbodi nents may be
utilized apg.dbas@iural, logical, and electrical changegrsagoloeotvare
wi t hout departing fromthe scope of the invention. The various
enbodi nents are not necessarily nutually exclusive, as sone

enbodi nents can be conmbined with one or nore other enbodi nents to
form new enbodi nents. The foll ow ng detail ed description therefore,
is not to be taken in a limting sense, and the scope of the present
i nvent i on [0811fief | Fesckpbaratup accarding i darious smypdiments ooy \wskidg g gnemory
enbodi ments are provided for devices or apparatuses, and various .
enbodi mentwhietr is fprexempledsdéddn thegrorsshing datriediont byde image RIOGHE PRRFALUS.
basic properties of the devices also hold for the nethods and vice
versa. Thex giembey usedin thekmbafmbnemiay §e a volptile owmery fs exdnple s WRAMsuch
properties may be omtted. [0010] The word "exenplary” is used herein
to nmean " YPENADNG RaGdehn AeyasMemory) 064 AnGeylatile mietnons far atdngple a PROM
enbodi ment or design described herein as "exenplary" is not

necessar i |(FropfanbfatlOREIrOmREMRE0R) S B FROM(Erasa PR QIR BEPROMr ot her
enbodi nents or designs. WD 2010/ 101527PCT/ S&G010/ 000071 [00111The
appar at us (Blee@icaily BrabBloROM) Dr € flastthemsty Se. gPy flodtiat jotlemamaryyarcharghi ch
is for exanple used in the processing carried out by the inmge

encodi ng RPFHEATERory) AN RIRAM (N@%%&bresigthe FeRBee iAaEss MeimBly) bea RCRAM
vol atile nenory, for exanple a M (Dynam ¢ Random Access Menory) or

a non-vol zﬁ,ﬂujsg rgﬁndglgmc@e@m{,@r% PROM ( Programmuabl e Read Only
Menory), dan EPROMT(Erasable PROV), EEPROM (Electrically Erasable
PROM , or 1doia 2SN iR WRbYdin@nida tciui! AR} bd\hdeRio8d BPIB N oF adb@EE 0€
trappi ng r#gorrloby an NRAMI?NIélg%ect olrlesigjtive Random Access Menory) or a

PCRAM ( Ph q%@cg%:n{ B8 WP ARG DR Sp il Bl dbse okOfks bt Mprdteseifeneivimpt , a

"circuit" y mderst ood as any kind of a |ogic Inplenenting

entity, whj 9&3{. WRAS 6r Anly'chitbinhtionther8ofD TRES KR!
executinggégg?%gﬁgggFgre (?%nghenﬁry,&Firnmar%, %r any conbi nation

thereof . ThySpldls ARcAIROMTES fardwikdd 1641 LiulFRY s B gl Whicod

logic circurt or dprogranmma ogic circuit such as a pr.ogrammabl e

1 ] CESSOT, €. £. t 0 -9 . Set
Bt or - (epufguch abh BARAGRR e r b § iBPloEsdrE faChilEx 0

proce uce nstruction Set_Cbnputer (MsC)
Processor sl §6 o u{éﬁgcﬂbf ob&sd? oPh REGRSR Ins@YSBH bt Coriériar e,
e.g. any Kind o cOnpuPér rogram e.g. a conputer programusing a

virtual | e, QLS S UCKL; A5 H06%: prét¥sop bRt SHEwRE, e.g. any kind
i mpl errenfzglf%ér)%% br'%?ﬁ@@%ﬁ?/%?unctaﬁpons %i ch v‘dér? be det?s%:rai]1 ed in

more det Al cHEpRY kel 88 RBmiRPhRbARMA Airfl kittile cddl shRlegance

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 altemative 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.



an alternative enbodi nent. [0013] The ternms "coupling” or "connection”
are intended to include a direct "coupling"” or direct "connection" as
wel | as an waaddipeets27 coupl i ng" or indirect "connection" pCT/SG2010/600871
respectively. WD 20101101527PCT/ SG010/ 000071 [0014] I n vari ous
enbodi nents, a (radio) resource of one or nore (radi o) resources

wi |l be understood as for exanple transm ssion frequency,

transm ssi on nodul ati.on.schene, transm ssion code, and/or

transm ssion time slot, or any other feature of a transmtted signal.
[0015] | n viltlghs dpparicyaembediments, afeadid) eesdese pfhe opmiredredid)etdvarces
signal includes a wanted signal. For exanple, when it is determ ned

t hat a recwillesusliegiad ad frsxaople rasbhugendreganicgdranimissgtn mbiulagon be

j udged that the resources (for exanple radio resource, e.g. nobile
radi o r esosthems, teansthissien eody, arfdrae qrasynaisstan tithé §16t, 61 B StheEfedRsd of avhi ch
do not include a wanted signal, nmay be used for data transm ssion.
This may | eadniittedafgnal.f i ci ent usage of the resources avail abl e.

[0016] FIG 1 shows a flow diagram 100 illustrating a nethod for

det er m ni npowélet haf vaioss epphications, itid HEbed AREH 16 Uné GMcther /i BRCRELRABCE .
wi th an enbodinent. In 102, a frequency may be determ ned at which

the signal whfed gl OP6H ex@RBIOWhIPN Ae@rhinéBthatd Bl R I8 Rt iENRIIY

t hreshol d. When determnm ning whether the signal includes a wante

signal, ita@aMedagitlindl efdpbiahiteke lRirsk geaéxaingre'ra%?es ranted

fsignal, based on whether the Signal has -a signal energy above a
se

ond pr emggifd G r&bial sifRed 9Y. fLE&2RE)! tind grotp,rcﬁaeegﬁwm%f,{o@%ﬁ{asx

range in a frequency nei ghborhood of the deterni frequency.
- 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 eﬁbodiment. In102, a
frequency may be determined at which the signal has a signal energy above a first pre-
deﬁned.sigual energy threshold. When determining whether the signal includes a wanted
signal, it may be déten:m'ned whe_t_her the signal includes a wanted signal, Sased on
whether the signal has a signal energy above a second pre-defined signal energy
threshold in a pre-defined frequency range in a fréquency neighborhood of the
determined frequency.

[0017] In varic;us 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 transfonﬁ of the signal to determine one or more spectral transform ;:oefﬁcients

of the signal.



[0017] I'n various enbodi ments, deternmning a frequency at which the
signal has a signal energy above a first pre-defmed signal energy

t hreshol d g@yghAkpde perform ng a spectral transform etriskensngoal
to detennine one or nore spectral transformcoefficients of the
signal . WO 2010/ 101527PCT/ S&2010/ 000071 [0018] I n vari ous

enbodi ments, determining a frequency at which the signat has a signal
energy above a first pre-defined signal energy threshold may include
conputing a power of a normof one or nore spectral transform

coef fi ci ene@ESpacinvefoursmbbdingn®m, detemmininge feequenci ahwhichl tersiggaldriey as a

prelimnary frequency candi date characteristic for the common

pr e- det er RRAGnERe bR irs R6-dfred sigaslienergy thrdshald mgﬁm,lque:pfnputinglég
the spectral transform of the signal may include dividing the signa

i NtO One QpwHSR kA BRbnddrasdss sidciral tRhdosesoeffitiontsctatiergietentiig & me. 0
[0020] I n various enbodi nents, performng the spectral transform of

the si gnalgofibich ReS ddrlintdarenfdcy bimh pRliAinSHEEdqhélcy Chmtidatexbaniietisticof
each of the one or nore signal blocks by conputing one or nore
spectral tf&ﬁﬂééo%ﬁﬁ&rpﬁgfdfefeﬁhﬁx@& geflengpch of the one or
[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 embodhneﬂts, performing the spectral transform of the signal
further incllilde perfomﬁng a spectral transformation of each of the one or more signal
blocks by computing one or more spectral transform coefficients of each bf the one or
more signal blocks.
[0021] In various embodiments, the spectral transformation may include a Fourier
tmfomation. In various embodiments, spectral transformation may include a diiscrete
Fourier trans formation. In varioq‘s embodiments, the spectral transfoxmati.on may include
a fast Fourier transformation. In various embodimgnts, the spectral transformation may
include a discrete cosine transformation. In varion.Js 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
sigﬂal energy threshold may further include determining for one or more frequency

candidates whetlier 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.



nore signal blocks. [0021]In various enbodi nents, the spectral
transformation may include a Fourier transformation. |In various
enbodi nentwo 2pewis2al transformati on may i nclude a di scpetrSchbihdod
transformation. In various enbodi ments, the spectral transfornmation
may include a fast Fourier transformation. In various enbodi nents,
the spectral transformation may ‘i nclude a discrete cosine .
transformation. In various enbodi nents, the spectral transfornmation
may include a discrete sine transfom ation. |In various enbodi nents,
det er mi ni §0%21f r cHLEASOYS epbadimens, @ Aausngy eandidats of thejqgs a1 meredragyeneiov e
a first pre-defined signal energy threshold may further include .
det er ni ni rfgndigatemay be a frsqueney wgressnesd hyome pfithe o8e ot epectriigransform
frequency of the frequency candidate is a frequency at which the

si gnal hasogffisiegtsalln sariqug prmbbdiments, il Sequenay-cdudidatedf the greadr nsarer gy
threshold. WD 2010/ 101527PCT/ SG010/ 000071 [0022] I n vari ous

enbodi mentfequenclycendidates mayolmh Hiequenayfrepirbseniod by ote aftheorferoe eoenspectral
candi dates may be a frequency represented by one of the one or nore
spectral ttraasfofmocoefliciefts.i .n emibss enhbodingents) esth @b ael plitdrihg freRAEy _
frequency candi date ofthe one or nore frequency candi dates may be a
f requency camhidasaniebk depaard beh fief@enon sepafati NG rafRAtdnal 00 HasIoms.
coefficients. In various enbodi nents, each two nei ghboring frequency
candi dat edn Fajous embegiadeniseehch YwEndiSiOQHADN BYqERRATAdITAES hiy e JepRgRd by om
100 Hz to 20 kHz. In various enbodi ments, each two neighboring

f r equency adrdéntgisesaratiy i@ ra@p &bt 181D 10 khize taMois SERAIREID Badhn @
range from1l kHz to 10 kHz. In various enbodi nents, each two

nei ghbor i -fgo heighpiritg\freq il dadddatdiMmayibe sSRRMESAF M ety ERMIRNGY a
separation in a range from2 kHz to 4 KHz. [0023]1n various

enbodi mentgge GR6I2 ke teikghbor i ng frequency candi dates may be
separated by a frequency separation of 2 kHz, for exanple 2048 Hz.
[0024] I n ygu28pUs 18 VRA6lsRINo8imeBACEch Wob AGEHBBRAY fritthehd,RANABRYs may be
candi dat es 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 freque:icy separation of 4 kHz. |
[0035] - In varic;us emhodimen_ts, each two neighboring frequency candidates may be
separated by a frequency separation of 8 kHz.

- [0026] I‘n.various embodiments, determining é frequency at which the signal has a
signal energy above a first pre-defined signal epergy threshold may further include
computing a power of a norm of corresponding coefficients for each correspogding
spectral transform coefficient for the one or more signal blocks as a preliminary
frequency candidate characteristic.

[0027] In va.riouz_s 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 transform



separated by a frequency separation of 4 kHz. 10025]In vari ous

enbodi nents, each two nei ghboring frequency candi dates may be
separatedvayzﬁoﬁﬁﬁgpency separation of 8 kHz. [0026] | n p¢qfsicoss/000071
enbodi ment’'s etermning a frequency at which the signal has a signa
energy above a first pre-defined signal energy threshold may further

i ncl ude conputing a power of a norm of corresponding coefficients for
each correspondi ng spectral transform coefficient for the one or nore
signal blocks as a prelimnary frequency candi date characteristic.
[0027] | n yaetfisiefts et odicompited. Inivaripsweibodimenisathé prevelr imay be fwveecondand
the norm may be -the one-norm In other words, the sum of the absolute
val ues of phile, aREHE hetm kaRbs{he tWd-n6ak Ti bilierowdrds, tryuief derguiredof the
vari ous enbodi nents, the power may be the second power, and the norm

may be th@;?écwﬁrt%sfzhnlceefﬁéibﬂhm?bdsomﬁm.sum of the squares of the
spectral transformcoefficients nmay be conputed. [0028]1n various

enmbodi me ni)(ﬁnsget §h PaiidiR InBodibRAN S m Bingd fréghedch @t whigh e sipas] lusai gnal

ener gy aboOve first pre-defmed signal energy threshold may further

i ncl ude co t] qﬂgy 3 ' enclugpal as a
prelim na?’%g#iregé%gtﬁg@,%an |P(§§1t9 %ﬁ%ﬂgilgg%? g‘?lg%ﬁégﬁ)élg)%lna\?gr?%us :
enbodi nent s etermnin r I: ' si gnal
ener gy abSUBPUIE e o%ﬁrgg%g%ll ﬂﬁgﬂﬁg?g}:ﬁgﬁtﬁ% g%/st rrglgﬁfglﬁg tﬁ:%?cx?art her

i ncl ude CO%%IFJCHEES 8}afg%n%¥c?(rj[ﬁ‘g%%’}@hﬂ%digﬁmg,%ﬂ[ngta%qﬁéxﬂp@4 which the

prelim naf tEHCY ¢an characteristlc. -
signal has a signal energy above a first pre-defined signal energy threshold may further Q

include computing the averégc mﬁplitude (AAM) of the signal as a preliminary frequency
candidate cliaracterjstic. -

[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_. pre-
'whitening of the signal to get a frequency candidate characteristic.

[0030] In various embodiments, pre-whitening may include multiplying the
preliminary frequency candidate gharactcristic with a pre-determined factc;r.

[0031] In various embodiments, the pre-determined factor may be the power spectrgl
density (PSD) for noise only. In various cmbodiﬁents, the pre-determined factor may be
the average amplitude (AAM) for noise only.

[0032] In various embodiments, determining a frequency at which the sigqal hasa
signal energy above a first pre-defined signal energy threshold may further include using |

the preliminary frequency candidate as a frequency candidate characteristic.



[0029] I n various enbodi nents, determning a frequency at which the
signal has a .signal energy above a first pre-defined signal energy
t hreshol d MQ204tl1sxTe pre-whitening of the signal to gepcasGraou®omy
candi date characteristic. [0030]In various enbodi nents, pre-whitening
may include nmultiplying the prelimnary frequency candi date
characteristic with a pre-determ ned factor. [0031]1n various
enbodi ments, the pre-determ ned factor may be the power spectral
density (P f or _noi se Ongéf In é@rioys enbodi ments, the

pfRRts

pr e- det er A f alt BFgTg 5™ sragIme A fnarengy at whighghe signalher s o
only. [0032]In various, enpbodi nents, determning a freguency at which
the si gnal SiBRA <BETgY ghexF adinet s dedined eignal prerey thyssholdimny Authesinginde
energy threshold may further include using the prelimnary frequency
candi dat e epmmpting agiadstiopl vwenfdia distobrtionof the ifrsquency capdidate characteristic.
2010/ 101527PCT/ SG2010/ 000071 [0033] I n vari ous enbodi nents,
det er mi ni ni§03dlf r efuiarioys embadiments, theestatisgoahivalieasayebe a mean value. In 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. In 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—whjteﬁed.
[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 signai 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 to
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signal energy above a first pre-defined signal energy threshold may
further include conmputing a statistical value of the distribution of
the frequepsymGansi-date characteristic. [0034] I n vari owerecimoliament s,
the statistical value may be a nean value. In various enbodi nents,
the statistical value may be a pre-defined quartile. In various
enbodi ments, the statistical value may be a pre-defined-decile. In
various enbodi nents, the statistical value may be a pre-defined
percentile. In various enbodinents, the statistical value npy be g
medi an valfiequentpcB8@idate chanattetistice Feptreenting adjacephiEequenpissaray b deteamingd ray
be computed fromthe prelimnary frequency candi date, and the

st ati sti cas a fradueacyrstyviithethe kignad hes aignabensegy abovessiirsi pre-dafineg signal
enbodi ments, when determ ning a frequency at which the signal has a
si gnal enengyy tbakelda first pre-defined signal energy threshold, a
frequency for which the frequency candi date characteristic is |arger
than a pr¢godef er mh Ratbus Bmbsdinlesks ehenldetereining mifrequenag aawliicietia sigogt at
whi ch the signhal has a signal energy above a first pre-defined signal
ener gy thpgshg le.ﬁ&%%bwam' RLRfinedigiaeetey, trettehl, d Gequencythay a
frequency at-which the signal has a signal energy above a first

pr e- def i ngdaAi §oHditRNSFiBedpRE@s iRl Bmpated steguies Sxlut bl b dbkintihal @ a
condition wth respect to the conputed statistical value may be

det ermi “e%egn%n@y E PRILIEME YighAll bk Gibndl bfersy 03¢ 2 ARG pR-defigriaignaharey

above a first pre-defined signal energy threshold. [0038]1n various
enbodinenhﬁeﬂmﬂgn determ ning a frequency at which the signal has a
signal energy above a first pre-defined signal energy threshold, a

fr equency_@ﬁb} Whigh Qark RS efnb SRHERE YhE BRO}EALEnARARAChEIY Sirbsholdsnay Beocal
maxi mum wth-tespect to - frequency candi date characteristics,

S R e T A
energy th Iihergﬁgidqnay be the statistical value multiplied with a pre-defermined 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 signai.
energy threshold, In various embodiments, the second pre-defined signal énergy
threshold may be the signal energy of the frequency determined when determining a
frequency at which the signal has a signal energy ébove a first pre-defined signal energy
threshold, multiplied by a pre-determined factor.
{0042] In various embodiments, the brc-detennined 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 frequency
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[0039] I n various enbodi nents, when determ ning a frequency at which
the signal has a signal energy above a first pre-defned signal energy
t hr eshol d, W@ 2pr0ggidhcy that fulfills a condition wth recSpeeioilvmoithe
conput ed statistical value nay be determ ned as a frequency at which
the signal has a signal energy above a first pre-defined signal
energy threshold. [0040]1n various enbodi nents, the first pre-defined
signal energy threshold may be based on the statistical value. In

vari ous. enb@' nt he first, pre-defined,sjgnal ene t hr eshol d
oy et hRERDTN b Gub i Pt o dhie Sonp TR A
(0041) I n var.i ous enbodi nents, the second pre-defnmed signal energy.
t hr eshol d %ag?‘@%%ﬁ‘#‘ ’B'QE’E‘Echﬁ"?q‘quéY?P%al energy of the
frequency determ ned when determ ning a frequency at which the signal
has a si gn4944nerkpyaspeambodimenss, whedsgramininggwhethen the stgmal iggludes a
threshol d. In various enbodi nents, the second pre-defned signal
ener gy t hvastd signghhesteternimationhethe thersignaldfas e pignalrcaerer Abgredercendi ned
when determning a frequency at which the signal has a signal energy
above a f ipredefpied sigatlienengy shrgshald in neregefined Befuotay rangelin a fleqeacpy a .
pre-detennined factor. [0042]In various enbodiments, the )
pr e- det er meigbborhewst afithewdspernanddrfreghency snay énchide Octdmiining whihe#tBe | n
vari ous enbodi ments, when determ ning whet her the signal includes a
want ed si goapyted btandhed deviativatof the signeltchengies heths pgriefindibfeqmesiygange is
‘ener gy above a second pre-defined signal energy threshold in a
‘pr e- def i nbelofw apreceyninadteesholda frequency '
[0045] In vartous embodimeﬁts, 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 tmnsform-coeﬂicients.
[0047) In various embodiments, the number of pre-determined frequencies may be in
S the range from 5 to 20. In various embodiments, ﬁe mumber 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 energy -
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nei ghbor hood of the determ ned frequency may include coniputing the
standard devi ation of the signal energies in the pre-defnmed frequency
range. [ OQd@ddiovivazs ous enbodi ments, when determ ni ng RAESHI10/009871
signal includes a wanted signal, the determ nation whether the
signal has a signal energy above a second pre-defined signal energy
threshold in a pre-defined frequency range in a frequency '

nei ghbor hood of the .determ ned frequency may include determ ning

whet her the conputed standard devi ation of the signagl..epergies in
t he pre- défeshe muaé’a%?fwg ?"S‘H&EW @ﬂ&féf*&ﬁ?%“i?%%%*ﬁ’@ﬂ%??%ﬂ&hr eshol d.
[ 0045] I n var.i ous enbodi nents, the pre-defined frequency range may

i ncl ude adptemmingtbfrequeneted number of frequenci es each represented by
one of the spectral transform coeffici'ents. [Q046]In vario?

: . , OUS

enbodi nen{8049} he Ipveriahsemhedimenisuken doteraining Whaiher the pigeal inghydes.a

determ ned nunber of frequencies adjacent to the frequency deter i ned

when det emnmfed signal, it inayda detesmined thatitessigrabdasss gatdncledes wantgdgignal, it r gy

above a first pre-defined signal energy threshold, each represented

by one of ig determired i theterians Signahtioo kdsfai signehinergy [2bou 2| seepnd pre-defined

enbodi nent s, -t he nunber of pre-detennined frequencies may be in the

range fro @igﬁal@erﬁ? thrksholddn a prisdefimid ftequendysangehiea fraqusacy wefighborhood of

pre-determ ned adj acent frequencies may be 10. In various

enbodi MeNntyg, detdiginet Graquencyiel gyl bé urlefstoad tianit ynayhy detorodinadighatitlere does

frequency characteristic of the frequency. [0048]In various -

enbodi MeNt,§s exidh 8 Wasiell SigHlNinngsemMoatdaaency ity bk deraminedoihed elstesmining a )
frequency at which the signal haé a signal energy above a first pre-defined signal energy
threshold.
[0050] In 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 vu_rords: 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 related
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wanted signal, it may be determ ned that the signal includes a wanted
signal, if it is determned that the signal has a signal energy above
a second pME WM signal energy threshold in a pre- #€rissdn10/000071
frequency range in a frequency nei ghborhood of the determ ned
frequency. [00491In various enbodi nents, when determ ni ng whet her the
signal includes a wanted signal,.it nmay be determ ned that the signal
does not include a wanted signal, if it is determned that there is

no signal that has a signal ener.gy ahove a second pre-defined signal
ener oy ¢ hr SoRGIeRONSE AREine PrYaEEs P indy” e befimpreequarisy
nei ghbor hoog’-of the determ ned frequency. It wll be understood that
it may be . FOEEIAFRRREOEEAVIMREE does not exist a wanted signal, in
case no fr ency y he determ.ned when determ ning a frequency at
whi ch t he fq%éwm the m&‘%ﬁ@?ﬁ&ﬂ@ﬁ#@@“‘%@@@m&mﬁﬁ sy prliablyaetestthe si gnal
energy threshold. [00501ln various enbodinents, a nethod may be
provi ded t 8FCHRANEY O Vacanqyfa channghordfeguency band inpepgnitiveradio hespepiovms: a
want ed signal) enbedded in spurious interference and noise. The
net hod mayPe9ding syseain bra hasdegnyisonmeny with speriqus inteyferencaidnddwinsi Basedron
aver age angl itude of spectrum The nethod may not need. any '
i nf or mat i othe oiliablealateetion, dgmyrhe@ossille odppertwostisally WGe fpamert timnocsiwn| y
used energy detection, which nay be vul nerable to noise uncertainty
and spur i otesryrieatibnr Ehereforeyétetendsolagy may bonyt thoughmit ovdatentroid aent s
s/may overcone the difficulties and therefore may sinplify practical
i.npl enent atononumEeationsystdms r obust i n changi ng envi ronnent . '
[ 00511According to various enbodi nents, an signal of interest (in
ot her wor dé954 waht edioss gmizddimertd dtigdevision phite spiee mag ba opeunRiicdls
detected. According to various enbodi nents, an signal of interest may
be dif f er enstd,forcafpleyit spyrbe disenaih sthérseordd: 6QkiDE Ang bk gerfigmicd) Medére OUS
enbodi ments, detection threshold may be set based on sanple size.
Accor di ng it may he {atked (bt ivoedit befor tohasmiséionn peiisrariol d may not be
rel at ed

[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 determinatio.n 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
e signal, based on whether the signal has a signal eﬁergy 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. acableora E:omputcr bus or via any other suitable electrical connection—to exchange

electrical signals.
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to noi se power. According to various enbodi nents, detection
performance may be . robust to changing environnent. [0053] The

met hods aegorsibagisto vari ous enbodi nents may reliably RETSG2010/§60071
occupancy or vacancy of a channel or frequency band in a cognitive
radi o or spectrum pooling systemin a harsh environnent w th spurious
interference and noi se. Based on the reliable detection, it may be
possi bl e to opportunistically use the vacant channels for

comuni cation. Therefore, the technol ogy may boost, t hroughput or data
rate for d4005ShmunilEad ishavsapapparatus RPN lwﬁwi%@@@wﬁa‘g%@ TV
(tel evision) white space may be opportunistically used, for_ exanple,

it may be ihdhadeenadnted signalliv acoprsianes wideansanrhgdiment. pehesaparaiusalp, s re
it may be tal ked (in other words: before transmission is perforned).

[ 0055] Fl Gto theshpasstus 2006 a2, msayiodudsarfirstglgtenninationganciit Wﬁ@d\mﬁ%r a
signal includes a wanted signal in accordance with an enbodi nent. The
appar at us deRyminatdniceun 204.r Bie fitet detenminationouircgik 3@Asnd tkOseeerginf i gured to
determ ne a frequency at which the signal has a signal energy above a
first pre-déefhnesbsiigunlotmneay By cduptedsiithl edch ahal, eg. secofidt dettagali nat i on
circuit 204 configured to determ ne whether the signal includes a.

want ed si ghlectiBpSEbuctoss evy]igatcame ot heomjutsrdlis draga amysitign alitableelaygricalbove
a second pre-defined signal energy threshold in a pre-defined

frequency chad€or 1 echangsitledttdal Bighghbor hood of the deternined
frequency. The first determination circuit 202 and the second

det er m nafiggyy] Ci I'aWatiodMhbolimeaR, e Bl Bdentitalio tieduitG0D efay itclgle avi a an
el ectrical connection 206 such as e.g. a cable or a conputer bus or

via any Okg\%haﬁﬁ%%%il@di?ﬁdds%h b6 e:(t)mﬁﬁédi HRIbwl MdRX 6 Repgncetadidaiccal

signal s. 2010/ 101527PCT/ SG2010/ 000071 [0056] FI G 3 shows an

appar at us g00. ek icBMpegidrkifait 04TasGilWa Rk SihedPbetdvdial/or a statistical value
computation circuit 308. The spectral transform ¢ircuit 304 and/or the frequency
candidate characteristic computation circuit 306 and/or the-statistical value. computation
circuit 308 may be coupled with each oth;ar, 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.
[0058i In various embodiments, the spectral transform circuit 304 may be configured
to perform a spectral transform of the signal to de.termine 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 coefficients
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i ncludes a wanted signal in accordance with an enbodi nent. The
apparatus 300, simlar to the apparatus 200 of FIG 2, may include a
first det e ¥108%7circuit 302 and a second det er mi nat PEH/SGRI16/060071
204. The first determnation circuit 302 and the second determ nation
circuit 204 may be coupled with each other, e.g. via a first

el ectrical connection 310 such as e.g. a cable or a conputer bus or
via any other suitable electrical connection to exchange el ectrical

i l's. [0057]] ' nmbodi t, he first. det i pat i
i Pou § 302 RSP TRCRAC R BrERaRed FReren eI Soea i |

be expl ai ned.hbel ow and/.or reguency candi date characteristic
conput at i o‘f?néﬁﬁ‘@&ﬁl a%tﬁ%s"ﬁsfgwg? F‘ﬂ’b‘@"’é ngfeﬁé’&efié?%\ﬁ}“a’nd/ or a
statistical value_conputatjon circuit 308. The spectral transform
Gircuit 30806Hdq/ ofn Yarious prabridmenys: dheppete Bansfoamgaewt 3Wmey banepligwed on
circuit 306 and/or _the statistical value conputation circuit 308 may
be coupl edovivhen reformingils speeray transformepfshecsigngl, Sirthex parfoan aspeatiatt i on
312 such as e.g. a cable or a conputer bus or via any other suitable
el ect ri cal ranghomastionsf eaeh ehtheenepe moretgnal blatksdiygamputing] ane $8iniore
various enbodi nents, the spectral transformcircuit 304 may be
conf i gur edpeasrap adsdorm epeffipaants oflcachrofitlef aneror mibret dignakblgekal t o det er i ne
one or nore spectral transformcoefficients of the signal. [0059]In
vari ous ernB@4f] nenknsvaricheerstysinerad, therspergabramsformatisntma3Grcindeya Feirier
configured to, when perform ng the spectral transform of the signal,
‘di-vi de t herasifgradtiann thy varimeis embodiments, thespectiol] cansformfition pagindistiea m ned
| ength of time. [0060]In various enbodi nent's, the first determ nation
circuit 3QHscredy Féurier brensfivenationf Inguarient dmbodinrepts] the spepwaleransfbrmeationr m of
one or nore spectral transformcoefficients each representing a
common pr enajehende mfdt Fovsigriensiormstian. (in ehriowk ambydiheres) denspycteandi dat e
characteristic for the conmon pre-deternined frequency.

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
confi gu_red to determine for one or more frequency candidates whether the frequency of
the frequency camiidatc isa freq}}enpy at which the signal has a signal ene'rgy abovea
first pre-defined signal energy threshold.

s [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 6r more spectral
transform coefﬁl;.:ients. |
[0065) In various embod?ments, each two neighboring freq_uency candidates may be

separated by a frequency separation in a range from 100 Hz to 20 kHz. In varicus

16



[ 0061] I n various enbodi nents, the spectral transformcircuit 304 may
be configured to, when performng the spectral transform of the
signal, fwdhA agsforma spectral transformation of eachsghotvinenone
_or nore signal blocks by computing one or nore spectral transform
coefficients of each of the one or nore signal blocks. [0062]In
vari ous enbodi ments, the spectral transformation may include a -
Fourier transformation. In various enbodi ments, the spectral
transformati on may include a discrete Fourier transformation. In
various erinbddimentsseach Feo reighboring frequspesrcandigateaaiesopaipd B a f ast
Fourier transformation. In various enbodinents, the spectral :

t r ansf or meieqeemcyreapatatioh interangeifrers lddiz te 4@ kHe Inrvariayssmbadimsats, ¢agh

vari ous enbodi ments, the spectral transformation may include a

di screte swoaeightansg dreqadnicy tandda®s Bay he vepaiated by @ ftrquinge paparatiohin 4 j r st
determi nation circuit 302 may be further configured to determ ne for
one Or NMDhgngh FREEREY tcdkidi. datvasiowtvaibodimentseeath sxpueighporsig fréquency
frequency candi date is a frequency at which the signal has a signal

ener gy abeygiidutes rhdy vl sepirfred ByE reiegtitdeprationgyf 2tidiize dredrius [ 0064] | n
vari ous enbodi ments, a frequency candi date of the one or nore '

frequency -GRBghiial S ciBYo Bsglbofin€ Geindy dafflieeaniyait seyaraedkbyd the one
or nore spectral transformcoefficients. In various enbodi nents, each

frequency ﬁgﬁeﬁw?ép%:a%nwﬁmr}&..ﬁ{vdmﬁﬁerﬁsoaqmmyacﬁmhagmaﬁngmy be a
frequency represented by one of the one or nore spectral transform

]? ?ZI}Lie(r:]ics rfi%gl:rl]eéxl[:g g?ggda%wg@é&gm d@élﬁx&gcy@%ﬁ?aﬁbﬂl@f arighbori ng (:)
[0066] In various embodiments, the first determination circuit may further be
configured éo 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 \f'ax;ious embodiments, the power may be the second power, and the
norm may be the ﬁwo-norm. In v;u-lous embodiments, the frequency candidate
characteristic computation circuit 306 may be configured to compute at leagt one of the

| power spectral density (PSD) of the signal and thé average amplitude (AAM) of the ~—f
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 sighal to geta

frequency candidate characteristic and use the preliminary frequency candidate as a

frequency candidate characteristic. In various embodiments, pre-whitening may include
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separated by a frequency separation in a range from 100 Hz to 20 kHz.
In various enbodinents, each two nei ghboring frequency candi dates
may be sep¥MOA0&Y1M§27a frequency separation in a range fPOTSE2MKHR000TL
10 kHz. I n various enbodi ments, each two nei ghboring frequency

candi dates may be separated by a frequency separation in a range from
2 kHz to 4 kHz. In various enbodi nents, each two nei ghboring
frequency candi dates-may be separated by a frequency separation of 2
kHz. In varl nts each two hboring frequ

Cani dat ooy Dl e kTR fE0ERe! R SRRl MR B S 1
various enpodi ments, each two nei ghborl ng frequency candi dates nmay be
separ at ed - §°& frequency separation of 4 kHz. [0066] I n various

enbodi ment% the irst determnation circuit may further be

confi gur ed®P8)confriyasioys pbedimets, thenze- Pr?tB‘fm’FéirfP‘é%rﬁB?Vo'?%BGEQ}’éeFﬁPWéhts
for each correspondi ng spectral transform coefficient for the one or
more si gnaleniBoERE) S neiss oaly; de warrops embeslimmentss the-netiefgnmined factor may be
characteristic. [0067%&2 vari ous embodi nents, the power may be t he
first powdhe avamEergmplifnde i) forenaissenbhe- norm I n various :
enbodi nents, the power nmay be the second power, and the norm may be
the two- ndP#70]l| n lnavariouscrabadiknts thestatistice Yal@quemtpnc:amdéﬂémaybe
characteristic conputation circuit 306 may be configured to conpute
at | east ocwafigired tpecoppmeara s$asistical adluelefthé digribmim)of te fdquesy gamdidaind
the average anplitude (AAM of the signal as a prelimnary frequency
‘candi dat e chh@rtagstiy ils vamous eObedinents \the statisscad vidoelnap he 8 methealiasih
determ nation circuit 302 may be further configured to perform at

| east one weoficvshantodithous, thy: stapisticalialtemaybe 4 jre-dsfimpd ghartite. detvardous
frequency candi date characteristic and use the prelimnary frequency
candi dat e easbodinfianés) therstyisticahvlildkanay bdvepre-defnedsibdile. It maricas embiediments,
enbodi ments, pre-whitening nmay include nultiplying the prelimnary
frequency thastatistiodlevalnb aray b arprs defmedpéroertild) rig vatéiue b odithefita theor .

statistical value may be a median value.

[0071] In various embodiments, the first determination circuit 302 may be further
conﬂ;gu_red to determine a frequency for which the frequency candidate characteﬁetic is
larger than a pre-determined thres_hold as a frequency at which the signal has a signal
energy above a first pre-defined signal energy threshold.

'K;,_, [0072f  In various embodiments, the first defex;mination 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] In various embodiments, the first determination circuit may —further be
configured to deter.m_ine a frequency for which the frequency cendidate characteristic is a

local maximum with respect to frequency candidate characteristics representing adjacent
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1006911 n various enbodi nents, the pre-determ ned factor may be the
power spectral density (PSD) for noise only. In various enbodi nents,

t he pre-daversined2f act or may be the average anplitude PCASGROIGH0071
noi se only. 100701l n various enbodi nents, the statistical value
conputation circuit 308 may be configured to conpute a statistica

val ue of the distribution of the frequency candi date characteristic.

I n various enbodi nents, the statistical value may be a nean value. In
various- enbodi nents, the statistical, vaLue may be a pre-defined
quartil e. frequensics@s 8 featsoey savhich the signal hags sigriabeersy 4p0¥e ANE & o
pre-defined decile. In various enbodi nents, the statistical value may
be a pre- defimeskbigmat cuengy theeshaldy vari ous enbodi nents, the statistical
val ue may be a nedi an value. [0071]In various enbodi nents, the first
det er ni nat{00s] ci rinuiatio@Gnbodiyents, the firsh determingtion oiredt 308 mypyfuthar ke a
frequency for which the frequency candi date characteristic is |arger
than a preofifgredionietirhine e Sieqhatcpthatiulfille queendtiorawithvrespast tofke eprmyig
has a signal energy above a first pre-defined signal energy

t hr eshol d stafif-aRdlie oy frauencybelichthetsignalitae a fignal tenetey abronve A first pre-
circuit 302 may further be configured to determ ne a frequency that

fulfills qeﬁmigdapal&%fthm&mmect to the conmputed statistical value
as a frequency at which the signal has a signal energy above a first

pr edef i neqo@ispnal manasgenboaReRR)| te fitsd prédlkfinedsgriabererayrivestiotdmap e t he
first determination circuit may further be configured to determ ne a

f requency Ll oMthé Ratidigalivemaguency candi date characteristic is a | ocal L_J
maxi mum wi th respect to frequency candi date characteristics
represent iiggrepdi aa&Atious 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 _vaﬁc;us embodiments, the second pre-defined signal energy threshold may
be the signal cneréy 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 de;liation of the

signal energies in the pre-defined frequency range.
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frequencies as a frequency at which the signal has a signal energy
above a first predefined signal energy threshold. [0074]In various
enmbodi nent ¥0 IR IFPF st deternination circuit 302 may fuPCRSG2HE/000071
configured to determ ne a frequency that fulfills a condition with
respect to the conputed statistical value as a frequency at which the
signal has a signal energy above. a first predefined signal energy
threshol d. [0075]1In various enbodi nents, the first pre-defined-signal

th d t tjstical. valu 0076] |,n
Vart obs. oiOaEl e torffs SABE8 s, BE Pl dehm oS08 RAL BRI E ey
Doormyi m it sensBioh deffirubniRtherbh i o fEmE racmothare s iy
t hreshol d .e- def based on the signal energy of the
eauoncy HetisRed gD S e re A AP A RNPIEY FEa I 76
[ nbodi tg, .th [ e-defined signal ener t hresho
R T R LN P

determ nation cjrcuit 302 nultiplied by dpre-determ ned factor.
standard deviation of the signal energies in the pre-defined frequency range is below a

pre-determined threshold.
[6082] In various embodiments, the pre-deﬁned frequency range may include a pre-
] . determined number of frequencies each represented by one of the spectral transform
.coef_ﬁcients. | -
[0083] In variops 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 transfonn coefficients.
[0084] In various embodiments, the number of pre-determined frequencies may be in
the range from 5 t(; 20.
[0085] In varif‘.\us embodimegts, the number of pre-determined adjace;lt frequencies
may be 10.
R [0086] In various embodiments, the signal env.;:rgy 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 detérmines that the
signal has a signél energy above a sccond pre-defined signal energy thrcshoid in a pre-

defined frequency range in a frequency neighborhood of the determined frequendy.
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[0079] I n various enbodi nents, the pre-determned factor is in the
range of 0.5 to 1. [0080]In various enbodi nents, the second

det er mi natwonmeinsei t 302 may further be configured toPCRAEA010/000071
determ ni ng whet her the signal has a signal energy above a second
pre-defined signal energy threshold in a pre-defmed frequency range
in a frequency nei ghborhood of the determ ned frequency, further
conpute the standard deviation of the signal energies in the

pre-defined frequency range. WD 2010/101527PCT/.SG20101000071
[0081] | n \8988bus Asmrtingeyatousembodigenticp I&%‘%@f{ﬂdﬁgﬁ%ﬁﬂ P g‘g?‘;%et 302
may further be configured to, when deterninigg mhﬁ her .t he si gnal
has a si greatupaneragyacasey ef acheard qafrpauenqydendweh BOINA SPEH™Egy
threshold in a pre-defined frequency range in a frequency
nei ghbor hamterfetndeh witeutdnawlsdee dfitbegherns) and npisepaperfBaetsRIAGdtthet her
the conputed standard deviation of the signal energies in the
pr e- def i nq00g eqUEys pahotimests inay bevarplipd B cgenidy arapiddseninr 88y and
[0082] In various enbodi ments, the pre-defined frequency range may
i ncl ude a apy @vired 6t wirslesadmmuminetionofystemevhidnoaeesesensingbegpdaniiivled by -
one of the spectral transform coefficients. [0083]In various
enbodi Mentageest. NRrBaLermiaidimas mapbewsed for sanpe (fonyxampdd sighal detgntion of) a
determ ned nunber of frequencies adjacent to the frequency determ ned
by the fi rhlnrdEsSrdiubiityibaid wherctibre is3BXknowhedpe ofislr esewd eud mjseqroevenf
t he spectral transformcoefficients. [0084]1n various enbodi nents,
t he nunberpegfo) pr easlat@igionadods saedinehisa megiobmay imclude the following:
[0091) - Compute the power 'spectral density (PSD) or the average amplitude (AAM)}
in ﬁ'equencj'r, 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.
t0095] 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 rﬁay 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.
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the range from5 to 20. [0085]In various enbodi ments, the nunber of
pre-determ ned adjacent frequencies may be 10. [0086]1n various
enbodi nent ¥0 IRF1HFnal energy of a frequency may i ncl udETISER010/000071
frequency characteristic of the frequency. [0087]1n various

enbodi ments, the second determ nation circuit 302 may further be
configured to determ ne that the signal includes a wanted signal, if
it determnes that the signal has a signal energy above a second

pre-define L)ona o in a i ned frequency.range
2 equinaddn o ERELLEhOEERNS ek e hP BRI Bffmpofes Rihia B

2010/ 101527PCT/ SG20101000971 [ 0088] Accordi ng to vari ous enbodi nents,
a net hod afff<P&tEm to detect the occupancy or vacancy of a channel

enovl odge. H9%he. dhupineR SR GNS & AL BH) Obe TG Bt wkmown

[ 0089] Vari o nbodi nents pay be ap I|ed In cognitive radi o, sensor

net wor K, ﬁf ? %’1 various embodiments, a channel response and frequency offset may be
un_kqown. This may cause coherent detection to be unreliable in commonty used
methods. |
[00101] According to various embodiments, a method with low complexity, for

. example low computational com'plexity, may be provided, and may be easy for
implementation. | |
[00102] In van'oys 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(r) be a continuous time received signal. It may be assumed
that the frequency band with central frequency f, and bandwidth 7 may be the
frequency band of interest. In various embodiments, the recéived signal y(t) may be
sampled at a sallnpling rate f, , for example where f, 2 W, ’1; =1/ f, may be the
sampling péﬁqd. The received discrete signal may then be x(n) = y(»T.). There may be
two hypotheses: H : signal does not exist; and H, : signal exists. The received signal

samples under the two hypotheses may be therefore respectively as follows:

H,: x(n)=n(n}+ ), pi(n) and

i=l

H,: x(n) = s+ 77+ 3 2,

i=1
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any wired or wreless comunication systemwhich nay use sensing
based nmultiple access. Various enbodi nents may be used for sensin
(for exanwe:2mi/gnat7 detection of) a channel or frequen@?%ﬁ&ﬁﬂ“&ﬂﬂ%’%‘
there is no know edge of. the channel and noise power. [00901According
to various enbodi nents, a nethod may include the follow ng: [0091]-
Conmpute the power spectral density (PSD) or the average anplitude
(AAM in frequency, .as - will be explained in nore detail below, of the

recei ved signal; [0092]- Pre-whjten, t.he, PSD qr ./ SEN
Cxcpl a1 ned WGP ba e aBRTHHE SEUbE StE wrrh ST e etk
| ocations of signal and spurious; and [00941- Check all the |ocations

to see if 48] ' - . o .
tl‘ﬁ'é\géﬁﬂzlt \g?%l&é%ﬁﬂﬂwﬁndhﬁlﬁé"ﬁﬂﬁg_aﬁ@ QRfphath efﬁ&?,cp,@) sEPBEl MENt S,

spurious an erence may be presént. For exanple, a received
signal may not only contain a-desired signal and white noise, but
al S0 some psgiblé Gusioss gpal amir(n) niagbé te evhite noif@VERlSOMYBTIYS used
detection nmethods may not differentiate such undesired

embodiments, s() may be the superposition of multiple signals. The spurious signal

pj(n) may be an extremely narrowband signal. Commonly used detection algorithms

may not differentiate the transmitted signal s(r) and spurious signal pj(n). Therefore,

these algorithms may produce false alarm when spuﬁous signal presents, that is, even if
an si.gnal of interest is not presents, the algoriﬂ1ms may wrongly report “signal present”
due to the interferexllce of the spurious signals.

[00104] The methods and apparatuses according to :va.rious embodiments provide good
.detection results. According to various embodiments, a detection algorithxﬁ based on
power spectrum density or FFT of the received signal to identify signal of interests from
spurioué and noise may be provideﬂ.

[00105] In the following, com.lljutation of the PSD and AAM, as may be used in
various embodiments, will bé described in more detail.

[00106] LetN 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:
x, (1) = x(mM +n),m =0,1,.., N/ M ~Lin=0,1,..,M -1,
[00107] LetX_(k) for exarﬁple be the FFT (fast Fourier trarisform) ofx,,(n),

k=0,1,..,M —1. The PSD of the received signal may be defined as
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signals with desired signal. This nmay increase the probability of
false alarm According to various enbodi nents, a new nethod may be
provi ded t V&Y SHesi red signal and at the sane tinme rRET&S2010/000071
spurious signal. [0097]In various enbodi nents, a frequency | ocation
of a spurious signal may be unknown. In various enbodinents, it may
be anywhere within a channel. WD 20101101527PCT/ SG2010/ 000071
[0098] I n various enbodi ments, there may be nultiple spurious signals
wi thin the same channel. [0099]Ip,Vvarious enbodinents, a signa
strength of a spurious may ﬁﬁhﬁﬂgggﬁﬂ{nH19Qb99LﬁkﬂlYariOUS

enbodi nents, ‘a channel response fT'equency of fset may be unknown.
This may cause coherent detection to be unreliable in commonly used
met hods.  [[@008]l] MAcehddicabolinen] the uteraishaplin@et SAMD demicaad with | ow
conpl exity, for exanple |ow conputational conplexity, my be

provi ded, and may be easy for inpi ntation. [00102] In various
enbodi nent's, two hypot hesesA(fr Sxakpl®) wdit.edsilgnal present” and

"want ed signal not present") may B® checked, as will be explained in
the foll ow ng. , :
may be used.

[06109] 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 m I
subcarriers only, where J may be a parameter related to the FFT size M, the channel
bandwidth considered, and the proba.bility of false alarm. For an signal of interest, its
PSD or the AAM may be spread into more than I subcarriers.

(00110} FIG. 4 shows a flow diagram 400 illustrating a method for determining
whether a signal (for example a received signal) inclu(ies a wanted signal in accordance
with an embodiment, B |

[00111] I.n.the flow-chart 400 of the identification of signal embedded in spurioﬁs and
noise, several it.ems 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] In 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,
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[ 00103] For exanple, let y(t) be a continuous tine received signal.

It may be assumed that the frequency band with central frequency f
and bandwiwlibhodiosy? be the frequency band of interest. ROT/SEPT0H0HTI
enbodi ments, the received signal y(t) nmay be sanpled at a sanpling
rate f,, for exanple where f5 W =1/ fs may be the sanpling peri od.
The received discrete signal may then be x(n). y(n71). There may be
two hypot heses: HO: signal does not exist; and Hl: signal exists. The

recei ved sjgn S r th t hese her ef ore
rece ved Sl PHRbeacHidR! b it AR OB AT o
s(n)+qg(n)+Ep, (n), where_ s(n) may be the transmtted signal (in other
words: the wanted S|gnaIB(@hsgédyﬁﬁﬁdutha)vf%@ﬂéﬁgnbhanne
(including fading and nultipath effect), pi(n) may be a possible

spuri ous %&?@W@%M@mmBﬂhbb@mrt@meeh@e sanpl es. In various

enbodi nents, s(n be the superposition of multiple signals. The

toed dot edPFEM af’faor o, B nenEofiRe SRR APAIFGS RARAREY B Sftued TR Y
si gnal s(n) and SpULgus 1 gl i gl.h}gtﬁépwmme Bokl LRy

may produ puri presents I's, even
if an signal o est pres y
report "sigARP® p#‘ﬁi}ght A(ﬁ]@ Lhteﬁgmf’?‘fféw ereeﬁrclzeeno da E&H@ceg‘ra%ﬂ%%QML
signals. [00104 The met hods an uses acc to various
embodi mentESDp g%fﬂb"é’t ?1@25) ?’sleanA%lc% %&ijngcgt 0 vari ous

nbodi t det ect th d
Er ot Tt e dhal BerLRIAY TR tgRe pRE s ARy Y

spurious and noi se may be provided. [00105] In the foll ow ng,
conput at i Qldniphietl Red BERed fitchs AMan. Ehenrall ildbicos newhyibe fomdisochsthat
enbodi nents, will be described in nore detail.

f)x(ﬂ) > ylAmzan or Ax'(n) > rlAmea.n ,
[00118] Where y] may be a threshold which may beé set based on the requirement on

probability of falsé alarm. For example, let the set of such indices be 2, which may
contain all possible signal indices.

[00119] In 410, for every pos's.ible signal/ spurious index, it may be checked if is isa
local peak. It is to be noted that for a detected signal/ spurious index, the frequency may
bea frequeﬁey related to a signal of interest or to spurious. In accordance with various
embodiments, further determination may be ma&e 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 Q, it may be checked whether P_(n) isa
local peak, for example it may be checked whether B (n-1)< lsz(n) and

P (n+])<P,(n).
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[00106] Let N be the nunber of received signal sanples. The signal
sanpl es may be divided into blocks of length M where M may be the
EFT size. PW&20{U4WISA(n) for exanpl e be defined as fol | oRET/SG21HP00ET1

x(mMMn), m=0,1,...,NI M-1;n =0,1,...,M-1. [00107] Let X, (k) for
exanpl e be the FFT (fast Fourier transform) of x(n) , k =0,1,..., M
-1. The PSD of the received signal may be defined as N M|
IX,,(n1l2 ,n =0,1,...,M-1. [00108] In various enbodi nents, the

aver age anghi i derd 4V hor 5Lk sk A Mot edr RABHE A blerhiRdd ind10), 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 y,, for example

a pre-defined threshold y,.

[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 siénal
'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;
[060127] - Fﬁ size: 2048;
[00128] - Sensiné time: 8.3 ms (for example, an average on 100 FFT’s 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 frobability of
.false alarm of 0.01. |
[00130) As will be explained in more defail below, the simulations show that tile

methods and apparatuses according to various embodiments may effectively detect the
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..0 may be used. [00109] For white noise signal, the PSD or the AAM
may be a constant for n=0,1,...,M1. For a spurious signal, the PSD
O the AAM@eyoh@szonstrai ned in subcarriers only, whePETSGAHY0HMETH
parameter related to the FFT size M the channel bandwi dth

consi dered, and the probability of false alarm For an signal of
interest, its PSD or the AAM May be spread into nore than J
subcarriers. [00110]. FIG 4 shows a flow diagram 400 illustrating a

net hod for, determ ni wﬂ]et her .a si.gnal (for exa ej-yed
signal) i ﬁ&’r‘iﬁééé_gnélnﬂﬁ?ﬁaé °SPgf Hine Fﬂ&éﬁ’&#"ﬂb"r‘i‘é 8@%{{? kﬁ%ﬁcégnﬁso I ent .
[00111] In the flow chart 400 of the idﬁnt,ific tio f signal :
eml:)fadg ed @pPasHuses SiaY nahpeed apsigiormaan-on the signal °§?’B‘e£"r‘i’g\ﬂﬂ¥se Wever, it
W e understood, that not all of them have to.be perforngd ahd
that addi (934 iKlEnE shrwp %amé%ﬂlvsmgﬁ]deﬁeﬁl°mﬁ°%° n&’&?i ved
signal may be sanpled and filtered as described above. 1001131 |n
404, the feqeinepehodilgtedisigoalip pesqrdange vith a3 spmhadimenhoplp) YYe REOWing the
exanple of length M and the FFT of each bl ock nay be conputed.
relation between the signal to noise ratio (SNR) in dB indicated by a first axis 502, anda
probability of detection iﬁdicated 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.
[60133] PIG. 6 shows a diagram illustrating the detection performance for SC'(Singlc
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 signél) is present, wherein the FM is the
desired (in other words: wanted) signal. The interference to noise ratio (INR) is O 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

1s shown.
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[00114] In 406, the PSD or the AAM nay be conputed, for exanple by
averaging on the PET output as described above, and the PSD or AAM
may be preWMhHEHEF27 for exanpl e by dividing the PSD by PCHSGI8I04600p1
SD or by dividing the AAM by the noise AAM [00115] In nore detai
the pre-whitening may be perforned as follows: = Px (n) 1 W(n) , A z
(n) = where Wn) may be the PSD or the AAM for noise only. [00116] In
408, the nean of the-pre-whitened PSD or AAM may be conputed, and the

possi bl e sg_mﬁ Imlmet PJaavfoetbﬂQR/lﬁaxalﬁ 28408k :§P%£ Mto

t he nean. For exanpl e, SD or e conpare mean,
f‘fﬂf:"t %Z%%%ﬁ%ﬁ“&%ﬂ%%@%“ﬁ&gﬁ%ﬁ 5’%@ s neaniﬁ?%“" ;
Arean. o FAE 8, et DSy ayeﬁs?gfgsiéﬂli&fefe&? .
A SR RN e
ndi ces. | OO %ff? Faoa) 7% s a%@ti‘sf@%%o%ﬁ%ﬁs' i eqé an}acg

it may be chec a | ocal peak. be n ted hat for a
et oot ed <PGAS EMJ-? B RHIPSS tEesr AT Jherig ATBE Seerrdimathes

related to a si i rest _or to spurlous In _accordance wth
various enB¥gF r’rgﬁ‘i’feél) sigpgly hg? nREfegsge DACGRMIPNRLS A3 48 af disferermile

mhet her the frequency related to the signal/ spurious index is
rel ated t V4 SEpyRg theelatinn between he sigpal wwaeo (SNR) 1pdB indicatrgiby a

detail, for every index n in O, it may be checked whether P. (n) is a
| ocal peakirstasis $02an6 2ppbability ofdetection indisatRA by B &tcops axin 8041iy showm ( n)

and
{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 be
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 embodimente, it should be understood by those skilled in the art that vaﬁous
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
v thus indicated by the appended claims and all chaﬁgcs which come within the Ieeamﬂg

and range of equivalency of the claims are therefore intended to be embraced.
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P, (n +1) <15 z(n) . [00121] In 412, for every |local peak index
(for exanple as determned in 410), the values of the PSD or AAM or
the pre-whitened PSD or the pre-whitened AAM may be checked for
surroundi ng points, far exanple for the surrounding L points with a
predeterm ned nunber L, and it nmay be identified as a signal index if
the STD of the surrounding points, for exanple the L points, is
snal l er than a threshold 72, for exapplifs@ Pre-defined threshold y2
1001221 In 414, a decision may be mate. rf there is at | east one
signal index, a signal exists; otherw se, signal does not exist. In
ot her wor déhatisfclailvedés:i s at | east one signal index, it may be

determ ned that a signal exists; otherwise, it may be determ ned that
a signal does not exist. [00123] In the following, sinmulation results
for variods nenhacdshodnfbr ajepamiiing eshedce @ dighg ¢oinprzed QUEaBd GHnAENhS
wi || be described. [00124] For exanple, the follow ng sinmulation
settings may bﬁwﬂﬁﬁ@bﬁkggﬂ%S] - Channel bandwi dth: 6 IHz; [00126] -
Sanpling rate: 24.75 ; [00127] - FFT size: 2048; [00128] - Sensing

exanpl o usi ng. PeB e AN e B PR Rt e BB 0 e i Phre-
Probability Ofd&ﬁkﬁ%%@&ﬂ%?%gﬁb%%mhf%ﬁdexanple’ the threshol ds and

ot her paraneters as scr oveé may be set so that the nethod

provides a pr Oggtgxln!li}ntn W feﬂe?lﬂ?eesiga?ag?nggiseg h%&inted 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 ¢laim 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.
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[00130] As will be explained in nore detail below, the sinulations
show t hat the nethods and apparatuses according to various

embodi nents, may effectively detect the desired signal while at the
sanme time reject the spurious signal. The methods and apparat uses may
not need any information on the signal, channel and noise power.
1001311 FIG 5 shows a diagram500 illustrating the detection
performance for a frequency nodul ated signal in accordance with an
enbodi ment. A plot 506 showing the relation between the signal to

noi se rati,o ( [ B.i ndi cated. b irst axis 502, and a

pr obabi | i £y OE%E%F%@?? %a?xﬁﬁifgfgﬁn%§ﬁﬁisecond axis 504 is shown.

[ 001321 As indicated,b .ot 506, the pro ility of detection may
ncroase with MERERS 2 Tgency gh RBRbe vend o SIgpg feraypbove a
probability of detection nmay be approxinmately 1, i,e. a signal may
appr oxi mat el y Ershaspsdebfiacd sigee teaergy threshojdsfughereompristo@nasting ptieag one
shows a diagramillustrating the detection performance for SC (Single
Carrier) signab&th¢bowemspasipll derssitpolf dteesiknapand theisvesaggramiplitude of the signal
interference) in accordance with an enbodi nent. A plot 606 show ng
the rel ation betagelimitaey feqgraly daadidatcttaatttific( 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 diagramillustrating
the detection performance for a frequency nodul ated (FM signal when

SC interferencepex-gha oi‘ghfg(%-%qufggﬂﬁf§m4,h an enbodi nent. For exanpl e,

é")FM signal plus spurious si gna IS present, wherein the FMis

ot se rati o (1 R Tciog iy « SRARERY sELRR e FOEALEL FHARHERRRY Bove o

rel ati on betwegn the signal to noise ratio (SNR) in dB indicated hy a
rrat axi o 7090 RiF AcsP Bigmplori ey et Somapies ahiketlront ty e vEuee
axis 704 is show. .[00135] As indicated b | ot, 706, the probability
of detection rrﬁé\gF H@L@ég @"'EN? FRAYeRey eadidaly Ctepfif FAgHHE egpinary
about -15dB, the probability of detection nmay be approximately 1,

i .e. a signal Medreappsandidatstasiayiegpensy sansidatethasaceisiie. it is present.
[00136] FIG 8 shows a diagramillustrating the detectionperformance
for a frequency nodul ated signal when SC interference exists in
accordance wth an enbodi nent. For exanple, a FM signal plus spurious
is present, whEhemathbhef&#lMm §, t he desired (in other words: wanted)
signal. The interference to noise ratio (INR) is 10 dB at this case.
A pl ot 806 showhé&rgintdeeeringling b Girgbekwaewhichehsiignathad @ sRASReFgdlabBve a
(SNR) in dB indicated by a first axis 802, and a probability of

det ection i ndi gat p&-R¥indd §iecARHer@¥ kisredBH HifthShQMprisbODRAkindS statistical
i ndi cated by pIot§%06, thegproba ?Ii?y of detec?@gﬁ may inc?géggﬂﬁﬁlw

j or easi ng SNRya @k he Bttebuiiiosthe B0ghey SffidaldMhaRE@RORL| I LY Of
detection may be approximately 1, i.e. & signal may approxi mately
al ways be detected if it is present. [00138] Wiile the invention has
been particularly shown and described with reference to specific
enbodi nents, it, shoul e under.stood_by those skilled in the art that
vari ous ckange h?ﬂaﬁggﬂ?ﬂﬁﬂ”ﬁé@ﬁ%?“%%§%%e made therein without
departing fronlghe,spirit and scope of the invention as defined by
the appended cVE§IRE. Whiieddegpangm gmmengy, dnviieh thessigrah ha arignat eeergy
the appended cl ainms and all changes which cone within the neaning and
range of equi vahosnay it nrérdefinedi signadraneniethedsbold, anfrequeney foy which the
enbraced. Cdains Wiat is clained is:

frequency candidate characteristic is larger than a pre-determined threshold is
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1. A nethod for determ ning whether a signal conprises a wanted
signal, the nmethod conprising: determning a frequency at which the
signal has a signal energy above a first predefined signal energy

t hreshol d; and determ ni ng whet her the signal conprises 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 freguengye gl mgﬁéﬁe% %&meg@@rﬁﬂsw B &g&gﬂ%%v@a filspe

met hod of claim1l, wherein determning a requency
signal has a s Igr st pre- defi ned signal energy

t hreshol d conp?gggéngPS eﬁggyﬁuémegfral transformof the signal to
determ ne one or nore spectral transform coefficients of the signal.

- 3. The net hod of clain12 wherein determ ning a frequency at which

t he signal has n ener gy above a flrst pre-defined signal

ener gy thﬁesho? %ﬁﬁP§@§”ﬁﬁﬁﬁﬁaﬁﬁﬁ power of a normof one or nore
spectral transformcoefficients each representing a common

predet er mi ned Whetgirervdenalstesmpyieg i fiequengy fat sdpichrtby signaldiad st ggnal energy
characteristic for the conmon pre-determ ned frequency. 4. The

met hod of any emeeof foitapmulefindd signalwhrergi threkbbkl i feqgnay fthaofubiikya
at which the signal has a signal energy above a first pre-defined
signal energy tédesdnokathf rspderto cieopatkdCamutilngalad id fRetmReE Rfa
the power spectral density of the signal and the average anplitude of

the signal as feqleBly M WREY ﬂerﬁﬁiéﬁﬁ&ya Sl fab e a8 NR PG e Hetiffed signal

The nethod of any one of clains
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.
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wherein determining a frequency at which the signal has a signa
energy above a first pre-defined signal energy threshold conprises at
| east, one of pre-whitening of the signal to get a frequency candi date
characteristic and using the prelimnary frequency candi date as a
frequency candi date characteristic. 6. The nethod of claimb5, wherein
determning a frequency at which the signal has a signal energy above
a first pre-defined signal energy threshold further conprises
conputing a statistical value of the distribution of the frequency
candi dat e, ¢har r St { he nmet hod of any one of clainms 5 to 6,
wherein mﬁgn d?ﬁ%&ﬁ?ﬁ?ﬁgmﬁ }gquency at which the signal has a signa

energy above a first pre-defined sjgpal  ener t hreshol d, a frequenpcy
For uni ch t he. MhisienBes dafim e *hARRE Crre cumpasesd Gented fnd e
pre-determ ned threshold is determned as a frequency at which the
signal has a sfgpratingioarwhethsdesignal hpse sigpd caery mbevss gesand arretefiped
threshold. 8. The nethod of any one of clains 6 to 7, wherein when
determ ni ng a $igealuenvegy dhreglvild hint heprsidghinéd Hemjuencyi gmgk mner gyqaboye
a first pre-defined signal energy threshold, a frequency that
fulfills a condkightenhovdt &6f rles peetininal floqguanopoimetisat détesiihingl whahdtea
is determ ned as a frequency at which the signal has a signal energy
above a first ghetebtbvigtbnSbDthalsi@REe@el i #ROp@-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;:
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9. The nmethod of any one of clains 5 to 8, wherein when determning a
frequency at which the signal has a signal energy above a first
pre-defined signal energy threshold, a frequency for which the
frequency candi date characteristic is a local maxinumw th respect to
frequency candi date characteristics representing adjacent frequencies
is determned as a frequency at which the signal has a signal energy

above a first prigsdedibfchiph ¥adhit @BRfigHed K %é@ﬂﬁige a.lﬁ?cqé%ﬁ@y mehhrd @i

any one of clainms Ito 9, wherein the second pre-defined si'gnal energy
threshold is pre-defi i.gnal [ f fr equency
et or m ned whenyaeat AERnAanGt Ay ars! PR RRNIA Serdy e 10458
si gnal energy above fjrst pre-def.i ned.signal ener threshold. . 1
The et hod of B SR GelefRiapEih ifuh GREQI P nfAGHERh effetive f cigiel
conprises a wanted signal, the determ nation whether the sjgnal has a
signal energy SOMBRFSCS 2 enisH dienale based ioR athedien s sisaakhiagy gnabensayrbome a
pre-defined frequency range in a frequency nei ghborhood of the _
det er ni ned fr egewney Prcsihined signa enereyitreshgldin etrreedefined figndency range in a
deviation of the signal energies in the pre-defined frequency range
is bel ow a pr efrdgtcacymeightbottinod oif dledletet@ined iequentihod of any one of
clains 2 to 11, wherein the pre-defined frequency range conprises a
pre-determ ned nunber of frequencies each represented by one of the
spectral transformcoefficients. 13. The nethod of any one of clains
;'-_)t o 12, 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.
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wherei n when determ ni ng whet her the signal conprises a wanted
signal, it is determned that the signal conprises a wanted signal,

if it is determned that the signal has a signal energy above a
second pre-defined signal energy threshold in a pre-defined frequency
range in a frequency nei ghborhood of the determ ned frequency. 14. An
apparatus configured to determ ne whether a signal conprises a wanted
signal, the apparatus conprising: a first determnation circuit
configured to determ ne a frequency at which the signal has a signal
energy abgye a-first pre-define i.gnal, .energy threshold; and a
second de?g’rm' Frl;fé ?Er?r%?srocfﬂafeqo%%%?cﬁ%%r‘gg t ?ﬁ’det erm ne whet her the
signal conprises a.wanted signal, based.o ether the signal has a
si gnal energy gﬁﬁ?@v@eiié%gﬁ@ RUQTHICHE & @Fﬁ%&ongﬁgﬁg? Hel‘ig’é‘gﬁb c@StioRe o
pre-defined frequenc%/ range in a_frequency_ nei ghborhood of the

det erm ned f r effidhe ylollawingrae-shian aelusheofsigaphiton 8¢, a wiesrusney togedidate
first determnation circuit conprises a spectral transformcircuit
configured to peardairistia sdesy ghe tprelisiharymfiofuenbe @indidate &0 addequancye
one or nore spectral transformcoefficients of the signal. 16. The
appar atus of ctaididaldchavdoerietin the first determnation circuit is
further configured to conpute a power of a norm of one or nore
spectral transform coefficients each representing a conmon
pre-determ ned frequency as a prelimnary frequency candi date
characterigti cThOhpdabRu TR REe-determ ned frequency. 17. The
apparatus of claim16, wherein the first determ nation circuit

further conpri f n j da eri.sti o] i
citcut cont| ourgstt df B ANEARIACH TRl ABRE Hohihi SOTRMAL e

density of the (?IJ&@%% Eonicﬁ%aft gglil \{lgr ] %8%§B{egﬁ¥%gtiggl V%lrl.]lg oﬂh%%?s!triﬁau?iog of

prelimnary fré&

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.

21,  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.
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18. The apparatus of any one of clainms 14 to 17, wherein the first
determnation circuit is further configured to performat |east one
of the followi ng- pre-whiten of the signal to get a frequency

candi date characteristic and use the prelimnary frequency candi date
as a frequency candi date characteristic. 19. The apparatus of claim
18, wherein the first determnation circuit further conprises a
statistical value conputation circuit configured to conpute a
statistical value of the distribution of the frequency candi date

char act er bot | G20 HhR AARALAL A1 3RY e Of claims 18 to 19,

wherein the first ermnation circuit 1s’further configured to

determ ne a frequency far ich.the freguenc andi dat e .
characteristi cwggrefnaﬁbee%rstt\kll% “E‘“b“‘}%?je%ﬁﬁi lﬁe%mﬁﬁrr 88%%“83%\50 gletermine 2
frequency at ich the signal has a signal. energy above a first .
pre-defined si GRHISHEGY P s Renon gmdgle Aspgteaitic 1ot logl manenen
claims 19 to 20, wherein the first determnation circuit is further
configured to Wehemstppa #0 fFeqygedyc\candidetef ghdrpdteristias cisnutseritiog wiljagent
respect to the conputed statistical value as a frequency at which the
signal has a sfrgmehcienes gyfreqbowg ah whichsthe pigealdes iansghab iegeray aboer gfirst
threshold. 22. The apparatus of any one of clains 18 to 21,

pre-defined signal energy threshold.

23.  The apparatus of any one of claims 14 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.
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wherein the first determnation circuit is further configured to
determ ne a frequency for which the frequency candi date
characteristic is a local maxinumw th respect to frequency candi date
characteristics representing adjacent frequencies as a frequency at
whi ch the signal has a signal energy above a first pre-defined signa
energy threshold. 23. The apparatus of any one of clains 14 to 22,
wherein the second pre-defined signal energy threshold is pre-defined
based on the signal energy of the frequency determ ned by the first
deternina%éon fLrQUitaué% aan? qggaragg§ gg claim 23, wherein the
second def@rni nat (o7 o recdiY TS Ut Rer “tomfi gured to, when

a secand

det erm ni ng whet her the signal has .a sjgnal energy abov

pre-defined si aﬁsﬁemeﬁ&es ﬁ@gﬂnﬁ eissRRoy ﬁlrgmplrseﬁﬁalé&rri% P U EFFESR IR i
in a frequency nei ghborhood of the determ ned frequency, determ ne
whet her a st antgrségngbeqmenriseha gfanied sigiel ibit degBrigeethai the sigaal has a signal
pre-defined frequency range is bel ow a predeterm ned threshold. 25.
The appar at us afergnypbaovee a glecapidapresdefifed ¢ig2d] endrgy ¢lhmshold ipraepaeddfined
frequency range conprises a pre-determ ned nunber of frequencies each
represent ed byfremenof rahfeinspainendy iieighbsihoodothe ittemhioat Bequedsy. The
apparatus of any one of clains 14 to 25, wherein the second
determnation circuit is further configured to determ ne that the
signal conprises a wanted signal, if it determi nes that the signa
has a signal energy above a second pre-defined signal energy
threshold in a pre-defined frequency range in a frequency

nei ghbor hood of the determ ned frequency.
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