METHODS FOR DETERM NI NG WHETHER A SI GNAL | NCLUDES A WANTED SI GNAL AND
APPARATUSES CONFI GURED TO DETERM NE WHETHER A S| GNAL | NCLUDES A WANTED

SI GNAL Tewbnomadoifarel d [ 0001] Enbodi nents rel ate to net retschen/od@ter m ni ng
whet her a signal includes a wanted signal and apparatuses configured to
determ ne whether a signal includes a wanted signal. Background [0002] In
various applications, it may be desired to know whether a signal-includes a
want ed signal. For exanple, when it is determned that a received signa
does not include a wanted signal, it may be judged that the resources (for
exanpl e frequencies, time slots, codes), which do not include a wanted
signal, may be used for data transm ssion. This may |lead to an efficient
usage of theMEBEIODSKORBETERMINISGWHETHER A SIGNARINCILRBESADI nents, a
met hod for determ ning whether a signal includes a wanted signal may be
provi ded. TWANFEDSIGNAL AND APPARATUSES CONFIGURED-TODETERMINE t he
signal has a signal energy above a first pre-defined signal energy
threshold and det yHETHER WSIERALIINCIUDES|A WENYHEBSSIGNERDE ed si gnal ,
based on whether the signal hasa signal energy above a second pre-defined
signal energy threshold in a pre-defined frequency range in a frequency

nei ghbor hood of the determ ned frequency. [0004] 1n various enbodinments, an

apparatus configured to determ neyniet DeFicfi

[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 fna’y be judged that the resources (for example frequencies, timé, slots,

codgs), which do not include a wgnted signal, may be used for data transmission. This

may lead to an efficient usage of the resources available.

Summa[y_

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

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



signal includes a wanted signal may be provided. The apparatus may include
a first determnation circuit configured to determ ne a frequency at which
t he si gnavoham/mizirgnal energy above a first pre-definegcsisgnedo/oenst gy
threshold and a second determ nation circuit configured to determ ne

whet her the signal includes a wanted signal, based on whether the signal
has a signal energy above a second pre-defined signal energy threshold in a
pre-defined frequency range in a frequency nei ghborhood of the determ ned
frequency. Brief Description of the Draw ngs [0005] In the draw ngs, |ike

r ef er ence signal energy abaye aseepnd pro-gefmed signalicacrgy tiresheld m apredghnesut t he
different views. The drawi ngs are not necessarily to scale, enphasis

i nst ead dequeendlylrgngsan adreghenceaeighberhodd afshe datemynadifrequengici pl es of t he
invention. In the follow ng description, various enbodi nents of the

i nvent i orj0e04¢ debcvaribesembddimentt cmepparatue codfigufed tb dedengindméhethiegs, i n whi ch:
FIG 1 shows a flow diagramillustrating a nethod for determ ning whether a
si gnal i Regndbi@sludeswhed SipadlMayi b2 ppea@idd aneappirhtds aldyenddediamst ; FIG 2
shows an apparatus configured to determ ne whether a signal includes a

vant ed sig@RahinaRoREirQhRNEurdl tURGmEIRAFERMY at WHith e SfaANha8 R sRRPAr at us

configured to determ ne whether a signal includes a wanted signal .in’

accordan ' ”‘I‘F‘E ' 4 SheVShAd j rgg] Ihdsirating a
met hod f %rﬁerggtag?‘%h%nﬁ%pg&\q)\he éedr & %Fréerrl I nlé{ﬁﬂ %@ngd\ggg td e s‘il"é{@ in
accor dan%ﬁﬂcﬁ’\ft thnffagﬂre%qg %ggernrglj?)te ‘whether the signal includes a wanted signal, based on

whether the signal has a signal energy above a second pre-defined signal energy
threshold in a pre-defined frequehcy range in a frequency neighborhood of the

determined frequency.

Brief Description of the Drawings

[0005] In the drawings, like reference characters generally refer to the same parts
throughout the différent Aviews. The drawings are not necessarily to scale, emphasis
instead generally bveing placed upoﬁ illustrating the principles of the invenﬁon. In the
following description, variogs erﬁbodiments of the invention are described with reference
t6 the followi_ng drawings, in which:

FIG. 1 shows a flow diagram illustrating a method for determining whether a
signal includes a wanted signal in accordance with an embodiment;

FIG. 2 shows an apparatus configured to determine whether a signal includes a
wanted signal in accordance with an embodiment;

FIG. 3 shows an apparatus configured to determine whethgr}_‘a\_si_g{lal includes a

wanted signal in accordance with an embodiment;



FIG 5 shows a diagramillustrating the detection performance for a
frequency nodul ated signal in accordance with an enbodinent; FIG 6 shows a
di agram iwbustow@ii2ng t he det ecti on performance for SC ( BCm§Geo1@ansTEr )
signals in accordance with an enbodinent; FIG 7 shows a diagram
illustrating the detection performance where a frequency nodul ated si gnal
is the desired signal and single carrier signal is the interference
(spurious signal) in accordance with an enbodi ment, where the interference
to noise ratio INE%ELS QdB; and FIG 8 shows a diagramillustrating the
det ection per FdEnhakevshdew dipgram Hivsiratipgaoaethed fog defempiningivhethes adesi r ed
signal and single carrier signal is the interference (spurious signal) in
accor dancignal inbludes awhntdd stgndl in pdrerdancenwith an embedimente t o noi se ratio (INR)
is 1QdB. Description [0006] In various enbodinments, a nethod may be

provi ded to d#I6cs shdws diagramdllestraing)tieldettiompeefotninceifor ofrbprenvwr ds: a
wanted signal, also referred to as useful signal) enbedded in spurious

i nterf er ehsdRlaarsigl sfaccdiiandBliiiosh éldodd@edtased on recei ved signal power
spectral density or average anplitude of spectrum The nethod may not need

any informati @iGo§ skRAN@herhRINR2EnEMR dRRESG RPNBhancEIHPACE fsingle commonl y
used energy detection, which may desire know edge about .exact noi se power

2 0 R PABATRI 0RO L Yy e 0 ot s uncer e i
In spurious al%?G.n? Ll?o%vsaacﬁgérggnQHusEr%ting the detection performance where a frequency
modulated signal is the desired signal and single carrier signal is the interference
(spurious signal) in accordaﬁce With an embodiment; where the interference to noise ratio
(INR) is 0dB; and _
FIG. 8 shows a diagram illustrating tile detection performance where a frequency
modulated signal is the desired signal and single. carrier signal is the interference

(spurious signal) in accordance with an embodiment, where the interference to noise ratio

(INR) is 10dB.

Description

[0006] In various embodiments, a method may be provided to detect if there is an
signal of interest (in other words: a wanted signal, also referred to as useful signal)
embedded in spurious interference and noise. The method may be based on re;eived
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,



vari ous enbodi ments may overcone the difficulties and therefore may
sinplify practical inplenentation and nmay be robust in changing

envi r onmew0.20{O®Ry hi vari ous enbodi nents, net hods andPsySsGems/oney1be
provi ded to detect the existence of signal enbedded in spurious
interference and noi ses. The nethods and systens nmay be used in cognitive
radi o, spectrum pooling, sensor network and ot her comruni cation systens.

[ 0008] The follomjng detailed description refers to the acconpanying

drawi ngs that show, way of illustration, specific details and
enbodi merthemethodef mntlﬁ@tnon@éﬁ&l@ﬁmba@eéén BRUEIONS ardinoigy aserdEBdi ment sy
be utilized and structural, |ogical, and electrical changes nmay be nade

Wi t hout depews ¢migpdiments triay oscmgtee dfe diffisuitiey emt thorefora may sampli prastitsbdi ment s
are not necessarily mutually exclusive, as sone enbodi nents can be conbi ned
wi t h one implemeheatioh had magibe doenihshimgidgenvirnemertnbodi nents. The fol | ow ng
detail ed description therefore, is not to be taken in a limting sense, and

the scopqo@f7]t hempreisastmbalieiits,Gheth6dsdall isigendyay Bepapdrd dedetedt #hdTs .
[ 0009] Various enbodi nents are provided for devices or apparatuses, and

vari ous %%E@Ef@i%a@%ﬁb@&&&hﬁ%mﬁ)% infBEcRMS and foi¥¥s! ThPRietddehsd 00d t hat

basi ¢ properties of the devices also hold for the nmethods and vice versa.

Thereforgﬁtgﬁg m%?g,g fg§ @ fagﬂuwe raﬁw) éﬁ%ﬁ% r )};%‘Sﬁ&g sa{sg PReRbaSHgRuRgoperti es

may be o I ST use erein to mean "servi ng

as an exa st an or |Ilustration". Any enbodi nent or design
describe&nﬁgrgWﬁﬂggs'g§@%plary" i's ’ . \

[0008] The following detailed description refers to the accompanying drawings that
show, by way of illustratiori, speéiﬁc details and emi)odiments 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 des’cription therefore, is not to be taken in a limiting sense, and fhe
scope of the preseﬁt invention is déﬁned by the appended claims.

[0009] Various embodiments are provided for devices or apparatuses, and various
embodiments_ are provided for methods. It will bé 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.



not necessarily to be construed as preferred or advantageous over other
enbodi nents or designs.[0011] The apparatus according to various

enbodi nerwe 2ney10i152¢] ude a nmenory which is for exanpl e u®€w/SGRONE071
processing carried out by the inage encodi ng apparatus. A nenory used in
t he enbodi nents may be a volatile nenory, for exanple a DRAM (Dynam c
Random Access Menory) or a non-volatile nenory, for exanple a PROM
(Progranmabl e Read Only Menory), an EPROM ( Erasabl e PROM), EEPROM
(Electrically Erasable PROM, or a flash nenory, e.g., a floating gate
nenory, aol0@ ﬁrge The appsr#iys #repding, to yariuRAmboini BREEkde pangmeom Access
Menory) or a PCRAM (Phase Change Random Access Menory). [0012] In an
enmbodi menwhich is'for examiple usedyin the prongesing caodedagnt by yhekimage ericodingagparatus.

i npl enenting entity, which nay be special purpose circuitry or a processor
executi ngA mefrﬁomansedshmheednbdduaememﬂy bea fvorammananony,r foaeyangrerb DRAMON
thereof. Thus, in an enbodinent, a "circuit" my be a hard-wired | ogic

circuit qn)yaalﬂmgmm&&sd Mginéry) iof § Hbi-vEldEIR némdty opetamipl@l PROM OCessor ,
e.g. a mcroprocessor (e.g. a Conplex Instruction Set Conputer (ClSC

processor P%grﬁnﬁ%ik'q{%gd DR Membhy)ManISER G B sahlc PROND), BRPRENISOr) - A

‘circuit" may al so be a processor executing software, e.g. any kind of

oL RSN e RCHIPY S AT, P B T 1
B RSRACEE T b ol BB =

(Phase Change Random Access Memory).

[0012] In an embodiment, a ';circuit" may be understood as any kind of a logic

implementiﬁg entity, which may be special purpose circuitry or a processor execilting

software stored in a memory, firmware, or any combination thereof. Thus, in an

embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic

“circuit such as a programmable processor, e.g. a microprocessor (e.g. a Complex

Instruction Set Computér (CISC) processor or a Reduced Instruction Set Computef.

(RISC) processor).v A "circuit" ma& also be a processor executing softwaré, e.g. any kind

of computer program, e.g. a computer program using a virtual machine code such as e.g.

Java. Any cher kind of implementation of the reépective functions which will be

described in more detail below may also be understood as é "circ;Jit" in accordance with

an alternative embodiment.

[0013] - The terms "coupling” or "connection" are intended to include a direct

"coupling" or direct "connection" as well as an indirect "coupling" or indirec;t

"connection", respectively.



[0013] The terns "coupling" or "connection" are intended to include a
direct "coupling"” or direct "connection" as well as an indirect "coupling"
or indirew020monecti on”, respectively.[0014] |In vari ouPCeEsicaiorveIrs, a
(radi o) resource of one or nore (radio) resources will be understood as for
exanpl e transm ssion frequency, transm ssion nodul ati on schene,

transm ssion code, and/or transm ssion tine slot, or any other feature of a
transmtted signal. [0015] hi various applications, it may be desired to
know whet her a signal includes a wanted signal. For exanple, when it is

det er m nqdo14pat I vagioas vbodimgma) a (@aks) rewurderotlonéel or mowwarddé) redogreeb, it nay
be judged that the resources (for exanple radio resource, e.g. nobile radio

I esour cesyifehnass®od as for @UMBPIE @BsmibdisEfréduehSy, aRadssion MBiwAtgHD not
i nclude a wanted signal, may be used for data transm ssion. This may | ead

to an ef fifd @l H3R8GoR EodeNind/ G INNEARSoRYRle! SRR & an BftPleafiténfal Shows a
flow diagram 100 11 Tustrating a nethod for determning whether a signal

i ncl udes . signal in accordance with an enbodinent. In 102, a
frequencﬁgﬁégﬂ%ggd%%grnined at which the signal has a signal energy above a

first pr i ned signal ener 1 hreshol d. n _determ ni.ng, whet her the
i gnal "1 10fhes Ta GRS erTREIAY, i PV Rage s RoERMRTRERT A NEHLIEEHE S gna
includes a wanted signal, based on whether the signal. has a signal energy
above a dwwidsignab.-kRiexanplesVhemit iselctsryined that a penetyed ﬁlgaﬁpipss B‘é‘f‘?‘ﬁ\é‘t?
frequency range in a frequency nei ghborhood of the determ ned frequency.

* "a wanted signal, it may be judged that the resources (for example radio resource, e.g.

mobile radio resources such as e.g. frequencies, time slots, codes), which do not include a
wanted signal, may be used vfor deta transmission. This may lead to an efficient usage of
the resourcee available.

[0016] FIG. 1 shows a flow diagram 100 illustrating a method for determining
whether a signal includes a wanted signal in accordance with an embodiment. In 102, a
frequency may be determined at which the signal has a signal energy above a first pre-
defined signal energy threshold. When determining whether the signal includes a Wanted
signal, it may be determined whether the signal includes a wanted signal, ldased on
whether the signal has a signal energy above a second pre-defined signat energy
threshold in a pre-defined frequency range in a frequency neighborhood of the
determined frequency.

[0017] In varidus 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 transfonrl of the signal to determine one or more spectral transform coefficients

of the signal.



[0017] In various enbodi nents, determning a frequency at which the signal
has a signal energy above a first pre-defined signal energy threshold may
i ncl ude peoforomong7a spectral transform of the signal tecdsGesniong7one or
nore spectral transformcoefficients of the signal.[0018] In various
enbodi ments, determning a frequency at which the signal has a signa
energy above a first pre-defined signal energy threshol d may incl ude
conputing a power of a norm of one or nore spectral transformcoefficients
each representing a common pre-determ ned frequency as a prelimnary
frequencyl088]di d&t earmnarmbodimiests detdrovining) e frequamoy appwlickl dtesigmahlass af r equency.
[0019] In various enbodi nents, performng the spectral transformof the

si gnal meygrnahedeugheatidive iadirstpré-Hefireidgipahl énpigy thrieshodd map irehwiegomiputih®e ks of a
pre-determ ned |l ength of tine. [0020] In various enbodi ments, performng

t he spectgoder bf #ASMP6Mifor itfte Spedital trantfobh @beftibichtd dechHiRplcdnfingd a spectral
transfornmati on of each of the one or nore signal blocks by conputing one or

mor € SPeCGlohithord $reRfcAhiRed %%én%g/ G4 ?reﬁfni ﬁe@len&@@an‘&ﬂﬁté%hafﬁ@(eﬁst?é gnal

bl ocks. [0021] 1n-various enbodi nents, the spectral transfornmation may

i ncl ude qb{ggggg&ukﬁﬁgﬁégkﬁ%&iﬁggpégévarious enbodi nents, spectra

transfornatizon may e a drs ~Fourier transformation. ‘In various
SO ey " B AR A8 DR RS ST, ey
| nel ude alng{x eCcrlisitd?n Ctgg isinealtirrltaro%]eO; %Eei s? nn'al Llrc])cl\clsaorfiaoges-dggprr?igie egt ’oft he
spectral g gn 0 one o g p _ st

time.

[0020] In various emborliments, performing the spectral transform of the signal

further inclnde performing a spectral transformation of each of the one or more signal

blocks by computing one or more spectral transform coefficients of each of the one or

more signal blocks.

[0021] In various embodiments, the spectral transformation may include a Fourier

transformation. In various embodiments, spectral transformation may include a di.screte

Fourier transformation. In van'ons embodiments, the spectral transformation may include

a fast Fourier transformation. In various embodiments, the spectral transformation may

include a discrete cosine transformation. In van'ons embodiments, the spectral

transformation may include a discrete sine transformation. In various embodiments,

determining a frequency at which the signal has a signal energy above a first pre-defined

signal energy threshold may further include determining for one or more frequency

candidates whethier 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.



transformation may include a discrete sine transformation. In various
enbodi nents, determ ning a frequency at which the signal has a signa

ener gy abwoeow/fis23t pre-defi ned signal energy threshol @CrsG260r00605t

i nclude determning for one or nore frequency candi dates whet her the
frequency of the frequency candidate is a frequency at which the signal has
a signal energy above a first pre-defined signal energy threshold.[0022] In
various enbodi nents, a frequency candi date of the one or nore frequency
candi dates may be a frequency represented by one of the one or nore
spectral W9Rsf obnyasious pmbodifents, 4 Hequgpeyogradidats od theeane 91 mose fequeagiency
candi date of the one or nore frequency candi dates may be a frequency

r epr esentcaudidgtenomey be atftequeney represented by pae of thk one ermémgspectabfrinsférant s. | n
vari ous enbodi nents, each two nei ghboring frequency candi dates may be

separ at edtobfficients. dgwerioays enepdimdnts) Badhrfreguerygendidaeoiihe ohk of mo0 kHz. | n
various enbodi nents, each two nei ghboring frequency candi dates may be

separ at edrdayertyldaféid@BEMas B @ fiRlihedBy rdprétehitd@ B ohd OMNthd bi&ZortRork@pidal | n
vari ous enbodi nents, each two nelgh%orlng frequency candi dates nay be

separ at eqra¥fofin b SHURAKY 1S SRR hBBdidinR, ERRSFo hEigMRink eqhéncd kHz. [0023]
I n various enbodi nents, each two nei ghboring frequency candi dates . .may be

Poven o Rl SOUE AR PR ol f B A 0 2030 o 002

In various e ea _ ring frequency candl es may be
cmbod, mere 44r i RGN SREOTR s P S et PEE Bt ea by
afr equegct’}'/eq%g cayrs%i[)ailrgtri]onoifn a8ra1l‘fg|_(lez from 1 kHz to 10 kHz. In various embodiments, each

two neighboring frequency éandidates may be separéted by a frequency separation in a

range from 2 kHz to 4 kHz.

[0023] In various embodiments, each two neighboring frequency cgndidates 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 frequencsl separation of 4 kHz.

[0025] | In various embodimeqts, each two neighboring frequency candidates may be

separated by a frequency separation of 8 kHz.

[0026] . In various embodiments, determining é frequency at which the signal has a

signal energy above a first pre-defined signal energy threshold may further include

computing a power of a norm of correspdnding coefficients for each corresponding

spectral transform coefficient for the one or more signal blocks as a preliminary

frequency candidate characteristic. |

[0027] In various embodiments, the power may be the first power, and the norm may

be the one-norm. In other words, the sum of the absolute values of the spectral transform



[0026] In various enbodi nents, determning a frequency at which the signal
has a signal energy above a first pre-defined signal energy threshold may
further iwolzotheroc2nputi ng a power of a norm of correspordirsg2coebiorci ents
for each correspondi ng spectral transform coefficient for the one or nore
signal blocks as a prelimnary frequency candi date characteristic. [0027]

I n various enbodi nents, 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
spectr al transforncoefficients may be conputed. In various enbodi ments, the
power maycobfficidnts maxbmebmpied.  Inyadoustembedimantsa theipowehmay he theoepend) n ot her
words, the sum of the squares of the spectral transformcoefficients nay be
conput ed.powef 28§ themorar mayise thrivodinommtls pthdetverds) the sym af thesquaecef thée whi ch
the signal has a signal energy above a first pre-defined signal energy

t hr eshol Gpampal frisfbed cdeffiditemao Bpusmpged.Ne power spectral density (PSD) of
t he signaF as a prelimnary frequency candi date characteristic. In various

embodi menpgag)det g Vardh S emBodifmeAl St mBingM r6dueh atsmaa!hefapgﬁaﬂlaglagnal
energy above a first pre-defined signal energy threshold may further

G ol
e A
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preunten i ok e ELA, Loy get B Sredenes cond e Com sEigusti .

signal has a signal energy above a first pre-defined signal energy threshold may further

include computing the averége arhplitude (AAM) of the signal as a preliminary frequency
candidate cliaracteristic. 7

[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 c;haracteristic with a pre-determined factér.

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

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

the preliminary frequency candidate as a frequency candidate characteristic.



prelimnary frequency candi date characteristic with a pre-determ ned
factor. [0031] In various enbodi nents, the pre-determ ned factor nay be the
power spewoOralo/wersity (PSD) for noise only. |In variousPerisedinwmnig] t he
pre-determ ned factor nmay be the average anplitude (AAM for noise only.
[0032] In various enbodi nents, determning a frequency at which the signal
has a signal energy above a first pre-defined signal energy threshold may
further include using the pretimnary frequency candi date as a frequency
candi date characteristic.[0033] In various enbodi nents, determ ning a

f r equencyl0833Jwhi bhvartoes singodimentssdetersiiningih frequangy atabluivle the signakhaspr e- def i ned
signal energy threshold may further include conputing a statistical value
of the disigral bndrgyaboak atfiret pre-defiredcignabendigyahesioiidimayg frthies iricbude[ 0034] | n
vari ous enbodi ments, the statistical value nay be a nean value hi various

enbodi Mendosnputi@ a StaBbtical V4lad ofthé BRtivBMoWES the ReQueHeY Edndiiatiichatdcteistid. N
vari ous enbodlnents the statistical value may be a pre-defined decile. In

various qehsufi Mef SariokbemBbdikledis! ﬁ@ktaﬁﬁicyﬁvaﬁmymm@a REg fahd nadapscentil e
hi various enbodi nents, the-statistical value may be a nedian val ue. [0035]

In varioyg {ﬁﬁﬂ&lté‘%s”‘taushg;ﬂ a/'ﬁ{u%t;ﬁa}tﬂg%adﬁe‘é 1t U l?e[n  ed from the

prelimnary treéeguéncy can ati cal ue may then be -
At e&ﬂfﬁ@déx@ﬁ%@%ﬁls Bl g‘%‘d@;”gﬁafswﬂéﬂ?ﬁ dlev&é?%”é WS gnal
Char act erPETREICH YoagBEY b breaiehe v, douanHERRONMPTRsy e det or i ned
as a frequency at which the signal has a signal energy above a first
statistical value may be a median value.
[0035] In various embodiments, the statistical vélue may be computed from the
preliminary'.ﬁ'equer_lcy candidate, and the statistical value may then be pre-whitehed.
[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 venergy thresho.ld. |
[0037] In various embodiments, when determining a frequency at which the signal
has a signal energy above a first pre-defined signai energy threshold, a frequency that
fulfills a condition with respect to the computed statistical value may be determined as a
frequency at which the signal has a signal energy above a first pre-defined signal energy
threshold.
[0038] In various embodiments, when determining a frequency at which the signal

has a signal energy above a first pre-defined signal energy threshold, a frequency for

which the frequency candidate characteristic is a local maximum with respect to

10



pre-defined signal energy threshold. [0037] In various enbodi nents, when
determ ning a frequency at which the signal has a signal energy above a
first prewdebioneds2si gnal energy threshold, a frequency thaschedofobdo7s a
condition with respect to the conputed statistical value may be determ ned
as a frequency at which the signal has a signal energy above a first
pre-defined signal energy threshold. [0038] In various enbodi nents, when
determ ning a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold, a frequency for which the

f r equencyfremantiykendidetssharacteristios repr¢senting ashasentfredueneigsvnaybe detqpmened

t of requency. candi date characteristics representing adjacent frequencies nmay
be det er ndsndieqaency 4t mduighethe yigadl haha signallvecrgy gbate afast presiefymad sigmabr gy above
a first pre-defined signal energy threshold. [0039] In various enbodi nents,
when det emeigyith@skoldr equency at which the signal has a signal energy above
a first pre-defined signal energy threshold, a frequency that fulfills a
condi ti onoysgih r @sPRdus bRAbbAIMARW St ndlihsh ﬁ@adenuﬁhwhiemetw%nfdpt er ni ned
as a frequency at -which the signal has a signal energy above a fTirst

. ) 9 . .
R P )

first pr energ res ased on’'the statistica
val ue. | i_ous ,embodjnents,. the first, pre-defi,ned si | e
Vi esot quifEly aSaReER it TP alisorb R R IE PR b IBrn R B3 e

I ﬁ?;g;ol gt%%g%\lcyl art] W acrhl tgg gigrei‘a gg L geél];l%he}gggbgv%cao€rgt ;E}E-%_egggcf s?gen%l grile gnya | energy
threshold.
[0040] In various gmboairneﬁts, the first pre-defined signal energy threshold may be
based on the statistical value. In various embodiments, the first pre-defined signél energy
threshold may be the statistical value multiplied with a pre-determined factor.
[0041] In various embodiments, the second pre-defined signal energy threshold may
‘be pre-defined based on the signal energy of the frequency determined when determining
a frequepcy at which the signal has a signal energy above a first pre-defined signai.
energy threshold. In various embpdiments, 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 pre-determined factor may be in the range of 0.5
to 1.
[0043] In various embodiments, when determining whether the signal in;:ludes 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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be pre-defined based on the signal energy of the frequency determ ned when
determ ning a frequency at which the signal has a signal energy above a
first prewoebimeus28i gnal energy threshold. In various emrbodiGaerntsgo7t he
second pre-defined signal energy threshold may be the signal energy of the
frequency determ ned when determ ning a frequency at which the signal has a
signal energy above a first pre-defined signal energy threshold, nultiplied
by a pre-deternmined factor. [0042] In various enbodi nents, the
pre-determ ned factor may be in the range of 0.5 to 1. [0043] In various
enbodi nemeighbarhead @étherdsienningd Wigandney mal éncdydgirampitieg hgstandardglayiedonsi gnal |
the determ nati on whether the signal has a signal energy above a second

pr e- def i nddhessigmedlen@ges gythe preeddfmed frequeacyrapgelef i ned frequency range in a

f requencynei ghbor hood of the determ ned frequency may include conputing the
st andar d [ded4]at | Diwvaiout Babsdigieatls, wher dtedmining Wheth@rthe sighdl medudes @aquency
range. [0044] In various enbodi nents, when determ ni ng whether the signal

i ncl udes \Gant@IVigthl Shed@tmihfAondRitertHeaidnarhadRathar edeRs) sbog®akedong a si gnal
energy above a second pre-defined signal energy threshold in a pre-defined

frequency, L. I i C i egquency na
ré-dB8ked sﬁgﬁl %e{?%@?et%tg%m?}) %E%?Jeégﬂgfg%ugr rafl64 Y {HrOREndy €9 y may

i ncl ude determ ni . . devi ation of ‘the signal
o119 5 e 10514 A5 RO QRS B BB I 1Y
g?yt ih2C|S l&ggllp?lgﬁrsfeap ?eftgf(%%%n 1319 op tlﬂgigiglal%ger%{eg %J%g %ireqéefﬁl%g ?reag : nli:g %z?n%te ?sd by one

below a pre-determined threshold.

[0045] In various embodimehts, the pre-d_eﬁned.frequency range may include a pre-

determined numbe; 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 frequen'c& at which the signal has a signal energy above a first pre-defined

sigqal energy threéhold, each rep;ésented by one of the spectral transform-coefﬁcients.

[0047] In various embodiments, the number of pre-determined frequencies may be in

the range from 5 to 20. In various embodiments, fhe number of pre-determined adjacent

frequencies may be 10. In various embodiments, the signal energy of a frequency may

include the frequency characteristic of the frequency.

[0048] In various embodiments, when determining whether the signal includes a

wanted signal, it 'may be determined that the signal includes a wanted signal, if it is

determined that the signal has a signal energy above a second pre-defined signal energy
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coefficients. [0046] In various enbodi nents, the pre-defined frequency
range may include a pre determ ned nunber of frequencies adjacent to the
frequencywoevsvmwiized when determ ning a frequency at whiPCi/SGhelogbgrial has a
signal energy above a first pre-defined signal energy threshold, each
represented by one of the spectral transformcoefficients. [0047] In

vari ous enbodi nents, the nunber of pre-determ ned frequencies may be in the
range from5 to 20. In various enbodi nents, the number of pre-determ ned
adj acent frequencies may be 10. In various enbodinents, the signal energy
of a fredbeenksld g preriafingd frequeney egee cy frequspacncighberhopd of thehe f r equency.
[0048] In various enbodi nents, when determ ni ng whet her the signal.includes
a want ed detagymaied frequenmy. be determined that the signal includes a wanted
signal, if it is determned that the signal has a signal energy above a
second prjee4f i nadvaiogs ainbedimienty Whensdeadrhining whgthe-thesigne dndludeguaency range
in a frequency nei ghborhood of the determ ned frequency. [0049] In various
enbodi rrerwaﬁned/!igm,deﬁﬁ%& AéBshinbieihRthe kidRaldoad @t indhidewdemted sl gditsi gnal ,
it my be determ ned that the signal does not include a wanted signal, if
It s detienRgted thaf theRSE fo gignﬂ%a'ihmi@ﬂeﬁe@&b@e%s@%ﬁ 0.Efheqabove a

second pre-defined signal energy threshol'd in & pre-defined frequency range

i SHPRT A APPSR B0 b SRl e,
S onal B RS b TN BB T BRI el 2

ener gy

not exist a wanted signal, in case no frequency may be determined when determining a
frequency at which the signal haé a signal energy above a first pre-defined signal energy
threshold.
[06050] 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 cqmmonly used energy detection, which rhay 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 embodiinents, an signal of interest (in other words: a
wanted signal) embedded in spurious and noise may be detected. According to various
embodiments, an signal of interest may be differentiated from spurious-and ﬁoise.
[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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t hreshol d. [0050] hi various enbodi nents, a nethod nmay be provided to
detect if there is an signal of interest (in other words: a wanted signal)
enbedded wo 28pumi2us i nterference and noi se. The net hod pomsGhelomased on
recei ved signal power spectral density or average anplitude of spectrum
The nethod may not need any information of channel response and noi se
power. Conpared to commonly used energy detection, which may be vul nerabl e
to noi se uncertainty and spurious interference, nethods according to

vari ous enbodi nents may overcone the difficulties and therefore may

si nplify tomaiseipowkr.i Arpdoeding taavarions embodimgnth.adetestions perfarmeheermyaynbe

envi ronnment, [0051] According to various enbodi nents, an signal of. interest
(1 n ot herrobust dschaagingrenedomhgnal ) enbedded in spurious and noi se nay be
detected. According to various enbodi nents, an signal of interest may be

di fferentjossxd f masnRMyds attordng 0 \iisas ethPBRENtAGR9 kéliably defecy el OUS
enbodi nents, detection threshold may be set based on sanple size. According

to vari ous.cgphed bfBitatcey 6 ARt bP Redlth&pblddn TRYliRe R8ioc R pdadio noi se

power. According to various enbodi nents,” detection performance may be

robust t o?ﬂﬁg&s?egﬁl ?g%b&?ﬁ‘%ﬁ:?%ﬂ RSulH Qﬁ%e@&&@ﬁ&éeﬂﬁha&?@’é” ous

enbodi ne . y de he oc%ﬁpancy‘or vacancy of a channel or
envi r onmaht ek efafeRaun ey fer R BB o AL AR B eIl ap
For - commEsFERGHonTBFERERdhe ERBRGaFRY BEy: HRPENONS SHRFELBRAU or data.
rate for caémmunication system. '

[0054] In various embodimeﬁts, TV (television) white space may be opportunistically
used, for exélmple, it may be listened (in other words: sensing may be performed) before
it may be talked (in other words: before transmission is performed).

[0055] FIG. 2 shows an apparatus 200 configured to determine whether a signal
“includes a wanted signal in accordance with an embodiment. The apparatus may include
a first dgteminatién circuit 202 configured to determine a frequency at which the éignal
has a signal energy above a first pre-deﬁned signal energy threshold; and ;1 second
determination circuit 204 configured to determine whether the signal includes a wanted
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 éomputer bus or via any other suitable electrical connection‘to exchange

electrical signals.
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comuni cation system [0054] In various enbodi nents, TV (television) white
space may be opportunistically used, for exanple, it may be listened (in

ot her worwe:208¢msi2ng nay be perforned) before it nmay bePCalSkeaiobev7ot her
words: before transm ssion is perforned). [0055] FIG 2 shows an apparatus
200 configured to determ ne whether a signal includes a wanted signal in
accordance with an enbodi nent. The apparatus may include a first.

determ nation circuit 202 configured to determ ne a frequency at which the
signal has a signal energy above a first pre-defined signal energy

t hr eshol d0036ld aF¥ecoshdwden epparatas 3@ hconfigengd to dermimmwheiherasignal det er mi ne
whet her the signal includes a wanted signal, based on whether the signal
has a si gndhdereewapteddignat irbacsexlandg: vpiltleaxdﬁﬁlbmﬁxdemi Ghe bpenang30Q, kindkhol d i n a
pre-defined frequency range in a frequency nei ghborhood of the determ ned

f requencyo tHdwpphiabit200 &F BIGHI 2) ataly Gicl€de Lfikist detéirhirifidn thenisBI2041d adRtidn nat i on
circuit 204 may be coupled with each other, e.g. via an electrical

connect i QRMGhafih Biréit 2040 THR fhr@tleRrAinaBo GFRHIPD aR¥fheQEcoHda any ot her
suitabl e electrical connection to exchange electrical signals.[0056] FIG 3

h t | ud
want od SIHA ‘I?h”%@%%%‘% LM ek R F*?r%f%?r @%ﬁ‘é@égﬁf%r%‘%cﬁ@ 00, similar
toth t t
(o <o apRgtcug 390,61 TLS, o TPV LRSLATEC 8 Ll oL SHIATIARRAE OUL1
302 and the second d terg*natl n circuit 204 may be coupled with each

ot her, ecgm‘%ﬁtlan&)?’i aeeglsstin] ¥8telt onnect i on '310 such as e.g. a cable or a

conput er bus or via any other suitable electrical
[0057 In various embodiments, the first determmatlon circuit 302 may include a

spectral transform circuit 304 as will be explained below and/or a frequency candidate
characteristiﬁ computation circuit 306 as will be explained below and/or a statistical value
computation circuit 308. The spectral transform circuit 304 and/or the frequency
candidate characteristic computation circuit 306 and/or the statistical value computation
circuit 308 may be coupled with each othér, e.g. via a second electrical connection 312
such ase.g.a cable or a computer bus or via any other suitable electrical connectidn to
exchange electrical signals.

[0058] In various embodiments, the spectral transform circuit 304 may be configured
to perform a spectral transform of the signal to defermine 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 circpit 304 may further be

configured to compute a power of a norm of one or more spectral transform coefficients
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connection to exchange electrical signals. [0057] In various enbodi nents,
the first determnation circuit 302 may include a spectral transform
circuit 380:20p/mWi327 be expl ai ned bel ow and/ or a frequen®¢TSERaIdAIST
characteristic conputation circuit 306 as will be explained bel ow and/or a
statistical value computation circuit 308. The spectral transformcircuit
304 and/or the frequency candi date characteristic conputation circuit 306
and/ or the statistical value conputation circuit 308 nmay be coupled with
each other, e.g. via a second electrical connection 312 such as e.g. a
cabl e or eackappesertingrieonanon prg-deteymitet drequency abh prefimanary freghengpnnect i on to
exchange el ectrical signals. [0058] In various enbodi mnents, the spectral

t r ansf or mandidateichardGéristyfobthe comog predetermipeat fraueney. spectral transf or m of
the signal to determ ne one or nore spectral transform coefficients of the
signal . [[0069] | h viidudembedibealis e bectrilteansfoas cirakit $04May be torFigugadi t 304
may be configured to, when performng the spectral transform of the signal,

di vi de t hg Sh&\rfonRing (RE §eBiral Tah&oth 8NHe shAC kthef p&fddmer Petwfim ned | ength
of time. [0060] In vé%ioug)eﬁ%odingnts, tﬁg&flrst d%terniﬁgtion circuit 304

may furt ek RenGon Af%uglfgfa@oﬁ@wﬁ%rsggwcfks%gc A

spectral transtormcoefficlentseac resenting a coron pre-detern ned
frequency_a relimnary freguency,candi date characteristic for the
common prBSHE SPRHELCrFateRn E0RaCH SIS PF F Bars TRt B8Sui ment s, t ne
spectr al sform cjrcui 04 may be caonfigured.to, when petformng the
spectr al [M@Hsf otthYa5toug ﬁ‘@i’%qglﬁ‘ﬁ’étﬁ’, t}I“I" SReCHRy T gfﬁpﬁ?t}ﬂna{n@'p‘@gwg? Fourier

transformation. In various embodiments, the spectral transformation may include a

discrete Fourier transformafion. .In various embodiments, the spectral transformation
may includé a fast Fourier transformation. In various embodiments, the spectralr
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
conﬁgmed to determine for one or more frequency candidates whether the frequency of
the frequency can(iidate isa frquen_cy at which the signal has a signal enérgy above a
first pre-defined signal energy threshold.

[0064] In various embodiments, a frequency candidate of the one or more frequency
candidates may be a frequency represented by one of the one or more spectral transform
coefficients. In various embodiments, each frequency candidate of the one or more
frequency candidates may be a frequency represented by one of the one or more spectral
transform coefficients. |

[0065] In various embodiments, each two neighboring frequency candidates may be -

separated by a frequency separation in a range from 100 Hz to 20 kHz. In various
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transformati on of each of the one or nore signal blocks by conputing one or
nore spectral transformcoefficients of each of the one or nore signal

bl ocks. [WO&Rjo/doms2vari ous enbodi nents, the spectral trarsfscGratioosnn7ray
include a Fourier transformation. In various enbodi nents, the spectral
transformation may include a discrete Fourier transformation hi various
enbodi nents, the spectral transformation may include a fast Fourier
transformation. In various enbodi nents, the spectral transformation may
include a discrete cosine transformation. In various enbodi ments, the

spect ral ambodinentinga¢hotvorgjghbaang frequenel eandidates siaydeseraraiedbyiait i on. [ 0063]
I n various enbodi nents, the first determnation circuit 302 may be further
conf i gur diequenayestpamtioreinfanangmfzornrl kitzrte 10 kéigu dmeariava eoibddinestsyeeshher t he
frequency of the frequency candidate is a frequency at which the signal has
a signal tenalkephbetity fequehty sdndjdates dafyibasepasitehby a Gaquenyy tdpamsibnliida [ 0064]

I n various enbodi nents, a frequency candi date of the one or nore frequency

candi dat gngBf¥orh® KM to AR O vaRENisQeEHIREENRY cshawonelghBordiEr@ueh®y €
spectral transformcoefficients. In various enbodi nents, each frequency

candi dat ecageildat@@mgps épapaa&?b; 5 ﬁ H@ysegmqb&'affﬁﬂgam Diods T 1 equency

represented. by one o t'he one or ectral transform coefficients.

o5k L ;lrf?%?sb%m‘*ﬁ’ro&‘éu%%ev 45 R AR T, 55
kHz. hi nbodi t f di d
e RSy S@pwga% S SRR 0oL

vari ous errbodl ment each
frequency cangldates may be separated by a frequency separation of 4 kHz.

[0066] In various embodlments, the first determination circuit may further be
configured te compute a power of a norm of corresponding coefficients for each
corresponding spectral transform coefficient for the one or more signal blocks as a
preliminary frequency candidate characteristic.

[0067] In various embodiments, the power may be the first power, and the norm may
be the one-norm. In various embodiments, the power may be the second power, ahd the
norm may be the tWo-norm. In vgn'ous embodiments, the frequency candidate
characteristic computation circuit 306 may be configured to compute at least one of the
power spectral density (PSD) of the signal and the average amplitude (AAM) of the
signal as a preliminary frequency candidate characteristic.

[0068]) In various embodiments, the first determination circuit 302 may be further
configured to perform at least one of the following: pre-whiten of the signal to get a
frequency candidate characteristic and use the preliminary frequency candidate as a

frequency candidate characteristic. In various embodiments, pre-whitening may include
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two nei ghboring frequency candi dates nmay be separated by a frequency
separation in a range from2 kHz to 4 kHz. In various enbodi nents, each two
nei ghbor iwg 2bree@uency candi dates nay be separated by a PcesGeoopwoeapar ati on
of 2 kHz. In various enbodi nents, each two nei ghboring frequency candi dates
may be separated by a frequency separation of 2048 Hz. In various

enbodi nents, each two nei ghboring frequency candi dates nmay be separated by
a frequency separation. of 4 kHz. [0066] In various enbodi nents, the first
determ-nation circuit may further be configured to conpute a power of a
norm of coultiplyinenibie prelisvedy fisieancy candidatsdiaractsrises wish airrydepaned|
transform coefficient for the one or nore signal blocks as a prelimnary

f requencyfactandi dat e characteristic. [0067] In various enbodi ments, the
power may be the first power, and the normmay be the one-norm In various
ermbodi mer[pee9)t helpeumdis sMpodimehtdthé pradeterpinid factarmtlay brethe powerngpgctbat t he
two-norm | n various enbodi nents, the frequency candi date characteristic

conput at i QAR E)tfoﬁg)@serﬂi‘allg Qﬁvﬁﬁ&ié GiHodfindrs, @RIPReLdEteAhink® Bivtor ok bef t he
power spectral density (PSD) of the signal and the average anplitude (AAM

of the si HQ%%%.%&?{“?“%%¥%T%§QUBSW candi date characteristic. [0068]

In various e Irst determnation circuit 302 may be further

conf i gur gﬂg (ﬁ peh&a&x{?g%&m unantag eg)ta stthgl \Iame c%%%:pngtlo ﬁcu (%3% F}pt[ee] t h.e

?l gnal ; can P (TR use i m nary
requency candi date as a frequ di char r| stic vari ous
enbodi rrerFP§Pg‘HF‘g“{/\?ﬂn?%ﬁ? ‘h@taﬂgﬂ? ] M 1§t ‘I‘%ﬂnrfa eqﬂ)’F@?y “rﬁnﬂ@?&? frequency

candi date characteristic with a pre det er m ned
characteristic. In various embodiments, the statlstlcal value may be a mean value. In

various embodiments, the statlstlcal value may be a pre-defined quartile. In various
embodimenfs, 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.

[0071}) In various embodiments, the first determination circuit 302 may be further
conﬁgured to determine a frequency for which the frequency candidate characterisﬁc is
larger than a pre-determined threshold as a frequency at which the signal has a signal
energy above a first pre-defined signal energy threshold.

[0072] In various embodiments, the first detefmination 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 determine a frequency for which the frequency cendidate characteristic is a

local maximum with respect to frequency candidate characteristics representing adjacent
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factor. [0069] In various enbodi nents, the pre-determ ned factor may be the
power spectral density (PSD) for noise only. In various enbodi nents, the

pr e- det erwODnzet)/foa2tor nmay be t he average anplitude (AAMPCTSG201008@70N] Y.
[0070] In various enbodi nents, the statistical value conputation circuit
308 may be configured to conpute a statistical value of the distribution of
the frequency candi date characteristic. In various enbodi nents, the
statistical value nmay be a nean val ue, hi various enbodi nents, the
statistical val ue be a pre-defined quartile. In various enbodinents,

t he st at ifsequerdiesas| eu%eqmgcm whiqbrtbe gigndl hasia signdl lcpery abaweiadirst mabodi nent s,
the statistical value may be a pre-defined percentile hi various

enbodi nmerdefiped hignalteatiggtthrestoldral ue nmay be a nedi an val ue. [0071] hi various
enbodi ments, the first determnation circuit 302 may be further configured

to deterroom)a f ueous ¥mbodimshisCihe it déteariugitgycifan 302l aiag fediar det eri stic
is larger than a pre-determ ned threshold as a frequency at which the

si gnal hagnfosik gmet&ﬂﬁﬁayf@a%@y fhaf fulfllls AdRafBh Wit esHedN8 thetvRifiYed
t hreshol d. 6072 hi various enbodi nents, the first deternlnatlon circuit

302 may fs\fgtf'spﬁc{l V%egggff}egﬁg%g &9 of Onilf bR fgng?ha@’ afs!i&qr oL a Y IPH Is a

condition w respect t mput e Statistica ue as a equency at

whi ch t he @g%ﬂwgn fBﬁ?%?“%?ﬁ energy above a first pre_deflned si gnal

ener gy tﬁ? arious enbodi ments, the first determnation
ir i r
cireult 'FS‘E( Sf] urt evarlous embodiments, the first pre-defined signal energy threshold may be

based on the statistical value.

[0076] In various embodimehts, the first pre—deﬁned signal energy threshold may be
the statisticél 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 _varic;us embodiments, the second pre-defined signal energy threshold may
be the signal energy of the ﬁequgﬁcy 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 deQiation of the

signal energies in the pre-defined frequency range.
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configured to determ ne a frequency for which the frequency candi date
characteristic is a local maxinumw th respect to frequency candi date
char act erwetnmsion®pr esent i ng adj acent frequenci es as a f ipegsenciy/oato7nwhi ch
the signal has a signal energy above a first pre defined signal energy

t hreshold. [0074] In various enbodinents, the first determ nation circuit
302 may further be configured to determne a frequency that fulfills a
condition with respect to the conputed statistical value as a frequency at
whi ch the signal has a signal energy above a first pre defined signa

ener gy t H088Hol dIn y3®nHS pmbadivgnisoths sesohd détemrinationt dirsuit 302 map frthee bé ned
signal energy threshold may be based on the statistical value. [0076] In
vari ous esshfigire® fd, syheh ldetetrningig wlicthed eie sigd] Bdsginsdgnabaesrgyyatlioke aséwoind may be
the statistical value nultiplied with a pre-determned factor. [0077] In

vari ous gifpaefindiNignal bty BrQR6IdRA & prteddfined frsén@nay rage iy frédieg&hol d may be
pre-defined based on the signal energy of the frequency determ ned by the

first detgy Ogﬁbeﬁ,tobeefmer&wnhufé%e LY, Eﬂmﬁe? dx@ﬁhfau%vh%fﬂapmerésﬂlbﬁtedt he second
pre-defined signal energy threshg I d may be the signal energy of the

or o~ det oritneg e %ﬂg%g%}‘f Rl B Bra TR Fob it Bl e’

factor is IB the.r o&h to 1. [0080] In various enbodlnents t he
second dé¥® WFHQPF hP it 302 may further be configured to, when

det er m ni ng_whet her the S nal _.ener above econd
[0!982] In various emi)g(ﬂments t?le pre- Ae%necl frequen }}/ range may ?ncfude a pre-

determined number of frequencies each represented by one of the spectral transform

boef_ﬁcients.

[0083] In variqus embodiments, the pre-defined frequency range may include a pre-

determined number of frequencies adjacent to the frequency determined by the first

determination circuit 302, each represented by one of the spectral transform coefficients.
- [0084] In various embodiments, the number of pre-determined frequencies may be in

the range from 5 to 20.

[0085] In various embodiments, the number of pre-determined adjacent frequenc1es

may be 10.

[0086] In various embodiments, the signal enérgy of a frequency may include the

frequency characteristic of the frequency.

[0087] In various embodiments, the second determination circuit 302 may further be

configured to determine that the signal includes a wanted signal, if it determines that the

signal has a signél energy above a second pre-defined signal energy threshoid in a pre-

defined frequency range in a frequency neighborhood of the determined frequency.
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pre-defined signal energy threshold in a pre-defined frequency range in a
frequency nei ghborhood of the determ ned frequency, further conpute the
st andar d wewvbariops2z7of the signal energies in the pre-dePcmsd26meguency
range. [0081] In various enbodi nents, the second determination circuit 302
may further be configured to, when determ ning whether the signal 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, further determ ne whether the conputed standard deviation of the
si gnal erl@088les Axcariimgpo saniwkiembddihrentsuamethod and)eystem tyedetent the
pre-determ ned threshold. [0082] In various enbodi nents, the pre-defined
f r equencyoccapmey ovacaing afdechaniel er flejuendy buad withrdessiblefsplii@guenci es each
represented by one of the spectral transformcoefficients. [0083] In

various gffeeicRBRtwithdubRndwiedgialfithiechahic Gh@RGiYe pAwtd endyiie provalisdle a pre
det erm ned nunber of frequencies adjacent to the frequency determ ned by

the firstpoggyier mpablQhuddihits m§€2e %@ﬁ&h if EPhRREMEE sBsoP REwREk, lahe
spectral transformcoefficients. 10084] In various enbodi nents, the nunber

o 1 IS AR L SANEOR TR I DS O AR 0000 11
e 10 b0k R S PRLIREIR s U oL ey
channel or frequency band when there is no knpwledge of the channel and noise power.
[0090] According to various embodiments, a method may include the following:
[0091] - Compute the pbwer ‘spectral density (PSD) or the average amplitude (AAM)

in ffequency, as will be explained in more detail below, of the received signal;

[0092] - Pre-whiten the PSD or AAM, as will be explained in more detail below;

[0093] - Find possible frequency locations of signal and spurious; and
[0094] - Check all the locations to see if signal or spurious is there.
[0095] In various embodiments, spurious and interference may be present. For.

example, a receivéd signal may npt only contain a desired signal and whité noise, but also
some spurious signal and interference.

[0096] Commonly used detection methods méy not differentiate such undesired
signals with desired signal. This may increase the probability of false alarm. According
to various embodiments, a new method rhay 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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[0087] In various enbodi nents, the second determ nation circuit 302 may
further be configured to determ ne that the signal includes a wanted
signal , iwoi2oiid@t®rm nes that the signal has a signal ererggebov@ra second
pre-defined signal energy threshold in a pre defined frequency range in a
frequency nei ghborhood of the determ ned frequency.[0088] According to
various enbodi nents, a nethod and systemto detect the occupancy or vacancy
of a channel or frequency band with possible spurious interferences w thout
knowl edge of the channel and noise power nay be provided. [0089] Various
enmbodi nerl0898tay bevarmyk ewbodimensgihereimay beauuléiplespwders siamplaoyifin thed any
wired or wireless comuni cati on system which nay use sensing based nmultiple
access. \fameehsnrehbodi ments may be used for sensing (for exanple signal
detection of) a channel or frequency band when there is no know edge of the
channel g0099)0i S& PAiAE embOdfHehts ACsigial siRéhgtiDofodputitGs RaPpbsik@otva, a net hod
may include the follow ng: [0091] - Conpute the power spectral density

(PSD) or (bt} erPaficRiBnbbaifents A Manhd] ré@eﬁgéeﬁeﬁeq@&c%fﬁet%y%pl ained in

nor e detall bel ow; of the recei ved signal; [0092 - Pre- mhlten t he PSD or
AAM as :||] I possi bl e
frequency ocatlgﬁg 0 s?ﬁk& ggﬁ@‘%%&?+ous b[qg3§+nmn§L al | the

| ocati ons tgcg e if signal or spurious is there [ 0095] In varlous
enbodi merd? purious and interference may be present For exanpl e,

recei ved ot on contai.n a de5|re naI an e n0|se but
al so sonéaéﬁﬁilogg&§aﬁﬁé?vﬁﬁwseﬁ¥8¢F§P§n%5wﬂP ﬂV9Yﬂ§éd det ecti on
met hods may not differentiate such undesired

example low computational complexity, may be prov1ded and may be easy for

implementation.

[00102] In various embodiments, two hypotheses (for example “wanted signai
present” and “wanted signal not present”’) may be checked, as will be explained in the
following.

'[00103] For example, let y(¢) be a continuous time received signal. It may be assumed
that the frequency band with central frequency f, and bandwidth & may be the
frequency band of interest. In various embodiments, the received signal y(¢) may be
sampled at a sampling rate f, , for example where f, > W . TS =1/ f, may be the
sampling periqd. The received discrete signal may then be x(n) = y(n]’s) . 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)+ Zp,.(n) and

i=1

H, : x(n) = s(n)+n(n)+ Zpi(n) ,
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signals with desired signal. This may increase the probability of false
alarm According to various enbodi nents, a new nethod may be provided to
det ect despred/wiggnal and at the sanme tine reject spuri @a3/Ss2eroaboo7f 0097]
In various enbodi nents, a frequency |ocation of a spurious signal my be
unknown. I n various enbodi nents, it nmay be anywhere within a channel.[0098]
I n various enbodi nents, there may be nultiple spurious signals within the
same channel. [0099] In various enbodinents, a signal strength of a
spurious may be unknown. [00100] In various enbodi nents, a channel response
and fr equekrtys(@) maastbathy raesmyreheigral (ether waydse thg swantedisegnahpassed ect i on to
be unreliable in comonly used nethods. [00101] According to various

mbodi hod wi th | l.exity, f A i I
compi exi 1oy B sorme AT RIS bl BbaFERRE. SRaT BER " Fo0102) 11

various enbodi ments, two hypotheses (for exanple "wanted signal present”

and "want S : R6J ' 1 : explained in
t he folléﬁﬁﬁgng%%T%%Fmggr exghpFg?ngsﬂg??§E%§“§ﬁ%%ﬁ?5?3553 time received

signal. It be-assuned that the frequen band wi.th central frequency f
cand. bancGOHNSRES A B5Y Hethe SURFRAEPRIOL A e PERAY d2E SPRPS Sieptle -

enbodi nments, the received signal y(t) nay be sanpled at a sanpling rate f s

, for exaﬂ}m) ‘fha\yi)%ra‘ﬁ xtremel(nafdwband signaf EBMmBRlyI& detection algorithms

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

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

[00104] The methods and apparatuses according to yarious embodiments provide good
detection results. According to various embodiments, a detection algorithrh based on
power spectrum de.nsity.or FFT of the received signal to identify signal of interests‘ from
spurious and noise may be providéd.

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

[00106] Let N be the number of received signal samples. The signal samples may be
divided into blocks of length M, where M may be the FFT size. Let the xm(n) for
example be deﬁqed as follows:

x,(n)=x(mM +n),m=0,1,.,N/M—-1,n=0,1,..,M—1.
[00107] LetX, (k) for exarﬁple be the FFT (fast Fourier transform) of x_(n),

k=0,1,...,M —1. The PSD of the received signal may be defined as
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sanpling period. The received discrete signal may then bex(n) = y(nTs)
There may be two hypotheses: HO : signal does not exist; and Hl: signal

exi sts. TWe2s¢wiized si gnal sanples under the two hypot RETSS20m06051
therefore respectively as follows: HO :x(n) =h{n) + pt(n) and i=l H :x(n)
=s(n) +h(n) + pi(n), i=lwhere s(n) may be the transmtted signal (in other
words: the wanted signal) passed through a wirel ess channel (including
fading and nultipath effect), pi(n) my be a possible spurious signal
and?7(n) maybe the white noise sanples. In various enbodi nents, s(n) maybe

t he superposition of nulti st The Lpus signal Pi(n) may be an
extrenely narrowband S|gn§p(% Hﬁgx*y(dggd' @ffin al gorithns may not
differentiate the transmtted S|gnal s(n) and spurious signal pc(n).

or csent o IBRGHE® 27 &l PSR G Gfed Fodful G AR et The

al gorithns may wwongly report S|9nal present due to the interference of

the spurious signals. [001Q4 an ﬂ Ppaﬁatuses according to
vari ous enbodi nments prOV|de 3od§§ gcti’on resu According to various
enbodi nents, a detection algorithmbased on power spectrumdensity or FFT

of the rqBE&Mgg“ﬁlgnal to identify signal of interests from spurious and
noi se may be prOV|ded [ 00105] In the follow ng, conputation of the PSD and

AAM - as ”[‘3}51@‘? u%‘or wiute 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 1n J
subcarriers only, where J may be a parameter related to the FFT size M, the channel
bandwidth considered, and the probébility of false alarm. For an signal of interest, its
PSD or the AAM may be spread into more than J subcarriers.

[00110] FIG. 4 shows a flow diagram 400 illustrating a method for determining
~whether a signal (for example a received signal) inclu(ies a wanted signal in accordance

with an embodiment. o |

[00111] In the flow-chart 400 of the identification of signal embedded in spurioﬁs and

noise, several items are shown. However, it will be understood, that not all of them have

to be performed, and that additional items may be present.

[00112] In 402, the received signal may be sampled and filtered as described above.

[00113] In 404, the received signal samples may be divided into blocks, for example

of length M, and the FFT of each block may be computed.

[00114] 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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vari ous enbodi nents, wll be described in nore detail. [00106] Let N be the
nunber of received signal sanples. The signal sanples nay be divided into
bl ocks ofwbengithidy where M nmay be the FFT size. Let thecrmceap/iobax1 exanpl e
be defined as follows: xmn) =c(mMM+n), m=0,1,...,NM- \;n =0,1,..., M- 1.
[ 00107] LetX n (k) for exanple be the FFT (fast Fourier transform ofxn(")
, k- 0,1,...,M-1. The PSD of the received signal may be defined asP, (#i)
=pr"f,n 0,1,...,MI| . me0 [00108] In various enbodi nents, the average

anpl i tude E)AAI\/) defined as NMX A'=nmr" m=o0,i,...,MIi my be used.

[00109] FOP1IHI t & merssdeta], ieapre-whitgnipgmaybeprdonned asd9llayes: a constant for
n=0, 1,.. ., M 1. For a spurious signal, the PSD or the AAM may be
constrained in J subcar i gns Rty Weher& () ey (b Wi(mar aneter related to

X

the FFT size M the channel bandwi dth considered, and the probability of

fal se al ar Ror .an_signal i nter Its PSD or the AAM may be spread
into rmrew{;nﬂgr}%")sﬂﬁggghe rs?. Or[tgf)%fg\?tf%rﬁlsefnsgﬁows a flow di agram 400
illustrating a method for determ ning whether a signal (for exanple a

recei ved [9PEHAI ) In 408, theemean afdhn rrg-véhigned P$I on AAM e de computed.and b di nent .

possible signal indices may be found by comparing the PSD or AAM to the mean. For
example, the PSD or AAM may be compared with the mean, and all indices, such that the
PSD or AAM is larger than a threshold times the mean may be found.

[00117] In more detail, the mean value of the pre-whitened PSD or AAM may be

computed and defined it as Apean. Then, all indices n may be found such that
lsx(n) > ylAmean or Ax'(n) > }/lAmean R
[00118] Where y] may be a threshold which may be set based on the requirement on

probability of false alarm. For example, let the set of such indices be 2, which may
contain all poésibl'e signal indices. |
[00119] In 410, for every poséible signal/ spurious index, it may be checked if if isa
local peak. It is to be noted that for a detected signal/ spurious index, the frequency may
bea frequehéy related to a signal of interest or to spurious. In accordance with various
embodiments, further determination may be made to determine whether the frequency

related to the signal/ spurious index is related to a signal of interest or to vspuri'ous.

[00120] In more detail, for every index n in €, it may be checked whether f)x(n) isa |
local peak, for example it may be checked whether f’x(n ~-1)< }A’x(n) and

P.(n+1)<P ().
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[00111] In the flowchart 400 of the identification of signal enbedded in
spurious and noi se, several itens are shown. However, it wll be

under st oonlp 2btvamn1520t all of them have to be perforned, a@ou/SGhat/oaediti onal
itens may be present. [00112] In 402, the received signal may be sanpl ed
and filtered as described above. [00113] In 404, the received signal

sanpl es may be divided into blocks, for exanple of length M and the FFT of
each bl ock may be computed. [00114] hi 406, the PSD or the AAM may be
conput ed, for exanple by averaging on the FFT output as described above,
and the He912d] e joriswenyrlecahh¢akdpder (far gramplgep Hetemyinel ini4dOhdhe he PSD by
t he noi se PSD or by dividing the AAM by the noi se AAM[00115] In nore
detail, tvamepofthatASDeoi A4MrarythbprepehifenedBSD as tHeqire-ouritenadhveAM Mey be nay be
the PSD or the AAM for noise only. [00116] In 408, the nean of the

pre- whi t eheske@$? sutrodddihgpyinbefoe exgamile tor thdirionadipg Egobitewithgpad- | ndi ces
may be found by conparing the PSD or AAMto the nean. For exanple, the PSD

or AAM mepichfidel HRAMEAL Winldht hBEbdRIBRifiednd adldnal iR@E:CiEshe ST Bf thbat t he PSD or
AAMis larger than a threshold tinmes the nean may be found. [00117] In nore

detail, t e .6- Whi r ed and
oot e IR AANACPLg, it s S0 SRl AT Uy QR 0
rAnean r K(") > YxKean [00118] Were g may be a threshold which may be set
based on apve-defiupd threskeld xon probability of false alarm For exanple, |et

t he set of such indices be W which may

[00122] In 414, a decision may be made: if there is at least one signal index, a signal

exists; otherwise, signal does not exist. In other words: if there is at least one signal
index, it may be determined that a signal exists; otherwise, it may be determinedrthat a
signal does ﬁot exist.

[00123] In the following, simulation results fof various methods and apparatuses
according to various embodiments will be described. :

[00124] For exa_mple, the following simulation settings may be used:

[00125] - Channel bandwidth: 6 MHz;

[00126] - Sampling rate: 24.75 MHz;

[00127] - FFT size: 2048;

[00128] - Sensing time: 8.3 ms (for example, an average on 100 FFTs is computed, for
example using PSD or AAM as described above); and

[00129] - Probability of false alarm: 0.01, for example, the thresholds and other
parameters as described above may be set so that the method provides a probability of
false alarm of 0.01. |

[00130] As will be explained in more detail below, the simulations show that the

methods and apparatuses according to various embodiments may effectively detect the
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contain all possible signal indices. [001 19] In 4 10, for every possible
signal/ spurious index, it may be checked if it is a local peak. It is to
be not ed wbabiofwias2a det ected signal/ spurious index, thecTiSequeneg7may be a
frequency related to a signal of interest or to spurious. In accordance

wi th various enbodi ments, further determ nation nmay be made to determ ne
whet her the frequency related to the signal/ spurious index is related to a

signal of interest or to spurious. [00120] In nore detail, for every index
ninW it my be checked whether Px(") is a |ocal geak, for exanple it may
be checkéifSW%‘llgi@ﬂ wibyle gt theﬂm%tlmﬁ(rmctéﬁ?ospm?umayal pthodyand121] I1n 412,

for every local peak index (for exanple as determned in 410), the val ues
of the PSDpamatusgsimay netingedamy iwrrmetieriorPdp signaly manpd@ndmmsene'derAAM may be
checked for surrounding points, for exanple for the surrounding L points
w th a pr{eot] er FiGheidshowslaeliageam 46@lilustrating theddtebtioh ptifethaase forai gnal | ndex
if the STD of the surrounding points, for exanple the L points, is smaller

than a t Hrablyingdilattdsigh MiRdcOrdandy Wit ef émibstiinbiite2H00td08 2howing@He22] | n
414, a decision may be nmade: if there is at |east one signal index, a

sig nal extfation baies Mfe%ﬁ‘gnaﬁb%ﬁle rQQE(SN'R‘?En &% hxﬁixcate!drbyoi HR{ aMP5618 and 5 there
is at least one signal index, it may be determ ned that a signal exists;

otherwi s oﬂatbll Xf&% %ﬁh%&ﬂ&ﬁp‘ p?etgoﬁd 251195@4 1sg9 not exist. [00123] In

the foll mnng, Ion res r various nethods and appar at uses
accor di an(t)P.’oZYar 1'&9 'ilnsdlcatedcltgzi I prietng()% ﬁ\fe probaglllgye 51 ({e%el?:? ion may mcrease with

increasing SNR, and from a SNR of about -15dB, the probability of detection may be
approximately 1, i.e. a signal may approximately alv-vays be detected if it is present.
[00133] FIG. 6 shows a diagram illustrating the detection performance for SCA(Single
Carrier) signals (for example simulated spurious signal, interference) in accordance with
an embodiment. A plot 606 showing the relation between the signal to noise ratio (SNR)
‘in dB indicated by a first axis 602, and a probability of detection indicated By a second
axis 604 is shown.v |

[00134] FIG.7 Shows a diagrapi illustrating the detection performance for a frequency
modulated (FM) signal when SC interference exists in accordance with an embodiment.
For examplg,_a FM signal plus spurious (SC signai) is present, wherein the FM is the
desired (in other words: wanted) signal. The interference to noise ratio (INR) is 0 dB at
this case. A plot 706 showing the relation between the signal to noise ratio (SNR) in dB
indicated by a first axis 702, and a probability of detection indicated by a second axis 704

is shown.
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[00124] For exanple, the follow ng sinulation settings nmay be used: [00125]
- Channel bandwi dth: 6 IMHz; [00126] - Sanpling rate: 24.75 WHz; [00127] -
FFT size:wQ48y/10i20128] - Sensing tinme: 8.3 ns (for examplrSG2em/0anetr age on
100 FFTs is conmputed, for exanple using PSD or AAM as descri bed above); and
[00129] - Probability of false alarm 0.01, for exanple, the thresholds and
ot her paraneters as described above may be set so that the nethod provides
a probability of false alarmof 0.01. [00130] As will be explained in nore
detail bel ow,_ the simulations show that the t hods and appar at uses

accor di nd09B5) ar A8 indicatrsidy Rigtntoe Wﬁ?r@fﬁ‘?‘i‘{"}f ?%P?“ﬂ‘é’t‘@%f““f‘ﬁ‘éﬂ@@i‘r ed si gnal
while at the same tinme reject the spurious signal. The nethods and

appar at ugeereasng R, anddpma AP NRdinbat:-il $4B.dhe priebabilityipd deteetinpiaay band noi se
power. [00131] FIG 5 shows a diagram 500 illustrating the detection

per f or manpprokonatelyfl; eejLacsignal may approadatslyalaiays be detesteddéitaepnehentt an

enbodi nent. A plot 506 showing the relation between the signal to noise
rati o ( SNBY136h dEG.8khoeat @didgyantillustistingaké det&didn parfcineanpe fobalftdquéncyof
detection indicated by a second axis 504 is shown. [00132] As indicated by

pl ot 506,mddueatdd G which ¥ COhtefBleREd dxits At cdrfic@ X5 A dntbodtfdr@aFbng SNR,
and froma SNR of about -15dB, the probability of detection may be

: . : ! dif it
appr oxi n%s(g,{l{glga % sq%rl,a%pﬁ%g@%% praRAl WHeFR Bk ¥ MUSWRY deshEd ARbakred i f i

is present. _ diagramillustrating the detection
perfor rmr\]&o?dsf: ranég) glghaﬂg lT?le interference to noise ratio (INR) is 10 dB at this case. A plot

806 showing the relation between the signal to noise ratio (SNR) in dB indicated by a
first axis 802, and a probability of detection indicated by a second axis 804 is shown.
[00137] As indicated by plot 806, the probability of detectioﬁ 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 embodimenté, it should be undérstood by those skilled in the art that Vaifious
changeé 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
thtis indicated by the appended claims and all chahges which come within the ﬁeMng

and range of equivalency of the claims are therefore intended to be embraced.
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Carrier) signals (for exanple sinulated spurious signal, interference) in
accordance with an enbodi nent. A plot 606 show ng the rel ation between the
signal towparpelon®rio (SNR) in dB indicated by a first akKrsceod/oaid 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 interference exists in accordance
with an enbodi nent. For example, a FMsignal plus spurious (SC signal) is
present, wherein the FMis the desired (in other words: wanted) signal. The
interference to noise ratio (INR) isChimB at this case. A plot 706 showi ng
the relation between the signal to noise ratio (SNR) in dB indicated by a
first axié%%toz, and,a. probability of detection indicated by a second axis
704 is showA POEYHE Sas i ndicated by plot 706, the probability of detection
may increase with increasing SNR, and froma SNR of about -15dB, the

probabilijiy of,detection be approximately 1, i.e. a_signal Y,
appr oxi mai'el y Al Qﬁ@gab@r d%?%‘@f"é’tg i e?‘f’r iasSlﬁ?%sceoﬁlfp.nsfsoﬁl‘\?%[]‘tg‘gIsﬁnqg Bhows a
diagramillustrating the detection performance for a frequency nodul at ed
signal when SCPFHPEFPEPEYIRE exists in accordance with an enbodi ment. For
exanple, a FM signal plus spurious is present, wherein the FMis the-
desired (in otdetarmippg 8 frequency @y whichhg signahbag s eigngl epengy @abeve mBrssprer at i o
(ESTR) is 10 dB at this case. A plot 806 showi ng the relation between the
si gnal to noi sdefined sign{lShEREy ithreshBld; mall cat ed by a first axis 802, and a
probability of detection indicated by a second axis 804 is shown. [00137]
As indicated bdetgriniiingOhethiehthe pignabdninhprisys ofwatleilestgnal)ibasedyon whethasthe Wi t h
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 determininé a frequency at which the signal has a signal energy above a
first bre-deﬁned signal energy threshold comprises performing a épectral
transfbnn of the signal.to' determine one or more spectral transform coefficients of

the signal.

3. The method of claim 2,
wherein determiniﬁg 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 ﬁequency és a preliminary frequency candidate characteristic for the

common pre-determined frequency.
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increasing SNR, and froma SNR of about -5dB, the probability of detection
may b e approximately 1, i.e. a signal nay approxi mately always be detected
if it is woeswnmi152700138] Wiil e the invention has been pamiSiGeuioandoy1 shown
and described with reference to specific enbodinents, it should be
understood by those skilled in the art that various changes in form and
detail may be nade therein w thout departing fromthe spirit and scope of
the invention as defined by the appended clai ms. The scope of the invention
is thus indicated by the appended clains and all changes which conme within
t he meani ng and range of equival ency of the clains are therefore intended
to be enbraced.ains What is clained is: 1. A nethod for determ ning

whet her a&.si gridle mesthgd o5y oae néelgiadh Istognal , t he net hod conpri sing:

determ ning a frequency at which the signal has a signal energy above a
first pre defiwieteis idgreahingiped gquichcesthohich thersigrdé hay asiphdl @nevgetabeve 4 he
signal conprises a wanted signal, based on whether the signal has a signa

energy above girspreddfifddesigl biegy thrhald feMiedr Q¥ mphkRdepdtihdatdedtt 6nélef i ned
frequency range in a frequency nei ghborhood of the determ ned frequency. 2.

The method of gl V\;lersé\éel%rg?&é?ls B%Qisigvhﬂgan&tﬁé SRR GhphtudddE Bt dda) ST gnal

has a signal. ener abo first pre- i I

lefi ned signal energy threshold

conprises perfg ’a%éigmﬁa&%%h&% candidate characteristic.

5. The method of any one of claims 1 to 4,
wherein determining a frequency at which tile signal has a signal energy above a
first 'bre-deﬁned signal energy threshold comprises at least one of pre-Whitening
of the signal to get a frequency candidate characteristic and using the preliminary

frequency candidate as a frequency candidate characteristic.

6. The method of claim 5,
wherein determining a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold further comprises computing a statistical

value of the distribution of the frequency candidate characteristic.

7. The method of any one of claims 5106,
wherein when determining a frequency at which the signal has a signal energy

above a first pre-defined signal energy threshold, a frequency for which the

frequency candidate characteristic is larger than a pre-determined threshold is
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transformof the signal to determ ne one or nore spectral transform
coefficients of the signal. 3. The nethod of claim?2, wherein determning a
f r equencywetowhiocsz7t he signal has a signal energy abovepatfsiceeto/opsost def i ned
signal energy threshold conprises conputing a power of a norm of one or
nore spectral transform coefficients each representing a common pre

determ ned frequency as a prelimnary frequency candi date characteristic
for the conmon pre-determ ned frequency.4. The nmethod of any one of clains
1 to 3, wherein determning a frequency at which the signal has a_signal
energy above adetdrminedpasea fequeneyi akwhiehithepignal\has arsignaberergyipbenera Bestpri ses
conputing at | east one of the power spectral density of the signal. and the
aver age anpl i tpreidefied: shgnad empngy thessheldpr el i mi nary frequency candi date
characteristic. 5. The nethod of any one of clains 1 to 4, wherein

determ ning a frequency at which the signal has a signal energy above a
first pre-defined signal energy threshold conprises at |east one of

pre-whi t eg)i ng e h&tBoS b onk @f BBIms6 forgquency candi date characteristic and
using the prelimnary frequency candi date as a frequency candi date

char act eri st Gyndiein TR ABLAARne £ Aty a0RR e ERATAL Ul Ahal chérggiuency

at which the signal has a signal” enefgy above a first pre-defined .81 gnal

energy thres hoalb(cj)véc qr %u@? rprg-ﬁgi%eids Sgna(f Oéﬁg}é&i ﬁ'lgesﬁolﬁ:[ gt fré&deﬁg}l that fulfills a

condition with respect to the computed statistical value is determined as a

frequency at which the signal has a signal energy above a first pre-defined signal

energy threshold.

9. The method of any one of claims 5 to 8§,
wherein when determining a frequency at which the signal has a signal energy
above a first pre-defined signal energy threshold, a frequency for which the
frequency candidate characteristic is a local maximum with respect to fréquéncy
candidate éharacteristics -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 5 frequency at
which the signal has a signal energy above a first pre-deﬁned signal energy

threshold.
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value of the distribution of the frequency candi date characteristic. 7. The
nmet hod of any one of clains 5 to 6, wherein when determ ning a frequency at
whi ch t hewei2grialo1dzas a signal energy above a first pre- @efTiScadovognal
energy threshold, a frequency for which the frequency candi date
characteristic is larger than a pre-determ ned threshold isdeterm ned as a
frequency at which the signal has a signal energy above a first pre-defined
signal energy threshold. 8. The nethod of any one of clains 6 to 7, wherein
when determ ning 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 conputed statistical value is determ ned as a
f requencyllat \iFhieghethébokdlegimalO, has a si gnal energy above a first pre-defined
signal energy threshold. 9. The nethod of any one of clains 5 to 8, wherein
when det er m niwlgrein f wieapu deteryniaing whheatlier tthe signghadmprises @ wagadisighabrthy above
a first pre-defined signal energy threshold, a frequency for which the

frequency candiegaingatibamaether thetsighal Basoa $i@dlendfay abadd ddekbnd pieRRfined O
frequency candi date characteristics representing adjacent frequencies is

det erm ned as bl QQAURRC Yhradhokiig ha 16 asfitdaalfrehBhc? AhPOh §NBEQHnEPOVE a
first pre-defﬁ%ga sigﬁ%f enenglthréghOId. 1OTaThe§netg€d of aﬁgﬁbﬁg‘of
claims 1 to 9’neighbo‘rhood of the determined frequency comprises determining whether a

standard deviation of the signal energies in the pre-defined frequency range is

below a pre-determined threshold.

12. The inethod 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 m_efhod of aﬁy one of claims 1 to 12,
wherein when determining whether the signal comprises a waﬁted signal, it is
determined that the signél comprises a wanted signal, if it is determined that the
signal has a signal energy above a second .pre-deﬁned signal eneréy threshold in a
pre-defined frequency range in a ﬁequency neighborhood of the determined

frequency.

14.  An apparatus configured to determine whether a signal comprises a wanted signal,

the apparatus comprising:

32



wherein the second pre-defined signal energy threshold is pre-defined based
on the signal energy of the frequency determ ned when determ ning a

f r equencywetowhiocsz7t he signal has a signal energy abovepatfsiceeto/opsost def i ned
signal energy threshold.11. The nethod of claim 10, wherei n when
determ ni ng whet her the signal conprises a wanted signal, the determ nation
whet her 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 conprises determ ni ng whet her a

st andard devi &t ¥ish deferminatien giieHit eomdigyredsto) determang p drequencyed Whish discy
range i s below a pre-determ ned threshold. 12. The nethod of any one of
clains 2 to 1signahtmseistgnahenepgycabdes a fientl plerdedimed signalznergy tlongholds erd a
pre-determ ned nunber of frequencies each represented by one of the
spectral tranaf s¢cond oddftériminaiohScirchid. cdifgunst o deafimarey whetheofthe Isignak 1 t o
12, wherein when determ ning whether the signal conprises a wanted signal

it is determ pegipfibidta WhrRedsighd ba8&GH Whéherdhdy\Bighal tha$ h §ipahl enklgyiabove
determ ned that the signal has a signal energy above a second pre-defined

signal ener gy ,tBrEAMRe defikkddidiaPerifdy hRehd1d GAAERAE LN #EqUeAcPrahEERUENCY
nei ghbor hood of the determ ned frequency. 14. An apparatus confrgured to

det erm ne whether. A S @RBLnEOTB the 8Seil@ f&flerlygnal

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 pb_wer of
a norm of one or more Vspectral 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 oné 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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t he apparatus conprising:a first determnation circuit configured to
determ ne a frequency at which the signal has a signal energy above a first
pr e-def i w0 28iognad27ener gy threshol d; and a second det er rCmaG2010/00007C Ui t
configured to determ ne whether the signal conprises a wanted signal, based
on whet her 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. 15. The apparatus of cl ai ml4,
wherein the first determnation circuit conprises a spectral transform
circuit configured to performa spectral transformof the signal to

determ ne one or nore spectral transform coefficients of the signal. 16.
The apparl8t us Tk appariates ebanyngradichimhb4 ©i /st determination circuit is
further configured to conpute a power of a norm of one or nore spectral

t r ansf or m coefvwheedie thedfiretadeierminatios eintuinig fiartheo vondigupadae getfemmatieabt bneequency
as a prelimnary frequency candi date characteristic for the conmon

pre-det er m ne@ff theqBdveing: 1 fre-Whieena pPathat signadf toClgai M Hequadter emmldd&e first
determination cireuit further conprises a frequency candidate

characteri sti chgPBHiR! bRd k' Ml breﬁﬁfﬁfa!rﬁ% el eMIMLE Rt al feflengne of
the power spectral density of the signal thé average arrpl i tude of the

signal as a pr %dl&tgag¥agt{r%ﬁgency candi date characteristic.18. The
apparatus of any one o alns 14 to 17,

19. The apparatus of claims 18,
wherein the first determination circuit further comprises a statistical value
computation circuit configured to compute a statistical value of the distribution of

the frequency candidate characteristic.

'20.  The apparatus of any one of claims 18 to 19,
wherein the ﬁrét determination circuit is further configured to deteﬁnine a
frequency for which the ﬁequency candidate characteristic is lafger than a pre-
determined threshold as é 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 statiétical value as
a frequency at which the signal has a signal energy above a first pre-defined

signal energy threshold.

34



wherein the first determnation circuit is further configured to perform at
| east one of the following: pre-whiten of the signal to get a frequency
candi dat ewoharsawi®ri sti ¢ and use the prelimnary frequeRcCy/SGandiodare as a
frequency candi date characteristic. 19. The apparatus of clains 18, wherein
the first determnation circuit further conprises a statistical value
conputation circuit configured to conpute a statistical value of the

di stribution of the frequency candidate characteristic. 20. The apparatus
of any one of clains 18 to 19, wherein the first determnation circuit is
further configured to determi ne a frequency for which the frequency

candi date characteristic is larger than a pre deternmined threshold as a

f requency22at \iftiecpperatisof gmadnendslams 1 §tell,ener gy above a first pre-defined
signal energy threshold. 2 1. The apparatus of any one of clains 19 to 20,
wherei n t he fiwlsdreiflether fitshaletepminatiorn Wircuit Sis ffurthérecorfignfdadgter edtehmindea er m ne
a frequency that fulfills a condition with respect to the conmput ed -

statistical vatdgfersy friwigeH BRCYeqatndyhdmbidaReechaigiRabtidASa Bcsl SarRimaner gy
above a first pre-defined signal energy t hreshol d. 22. The apparatus of any

one of claims vg'i@h  Rspsect tovw]?t{qﬁél{b ancfl!id’tét cl%ﬁc%rml&atkﬁ‘aséﬁhhguh d]aée?ltf urt her
configured to determne a frequency f whi ch the frequency candi date

characteristi (ﬁéqﬁer?clésoé:sazl fr@&i%'nE@r‘gi which the signal has a signal energy above a first

pre-defined signal energy threshold.

23.  The apparatus of any one of claims 1 to 22,
wherein the second pre-defined signal energy threshold is pre-defined based on

the signal energy of the frequency determined by the first determination circuit.

'24.  The apparatus of claim 23,
wherein the ‘sécond determination circuit is further configured to;_ when
determining whether the signal has a signal energy above a secbnd pre-defined
signal energy thresholci in a pre-defined frequency range in a frequency
neigilborhood of the determined frequéncy, determine whether a standara
deviation of the signal energies in the prc;-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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wi th respect to frequency candi date characteristics representing adjacent
frequencies as a frequency at which the signal has a signal energy above a
first prewdebioeas2si gnal energy threshold. 23. The apparatrss2o1f/0amy1 one of
claims 1 to 22, wherein the second pre-defined signal energy threshold is
pre-defined based on the signal energy of the frequency determ ned by the
first determnation circuit. 24. The apparatus of claim 23, wherein the
second determnation circuit is further configured to, when determ ning
whet her 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, determ ne whether a standard
devi at i orz6of tThe appayatab o areyr gyiead clanmg heo 2fy,e- def i ned frequency range is
bel ow a pre determ ned threshold. 25. The apparatus of any one of clains 15
to 24, wher ei RvHeR$in Plicesddond dedmiihanedifyitris figehee eopfi dus&s toadértinethat m ned
nunber of frequencies each represented by one of the spectral transform

coef ficients. Gue diBRal ABRPFBEUS whted B¥nANE iPdetérhAhd¥iihditRe Siznal HAS a&ighat he
second determinatron circuit is further configured to determ ne that the

signal conpri %ﬁ%gg ARVE & séd-ggg ?ﬂerc_:-g-giffinédt ggﬁz{l eéx{é}'éiﬁ thrédhold (e ﬁriggféﬁiledq as a

signal energy a e a secon I ned"si gnal"energy threshold in a

pre- def i ned T iequeIPhal 195 dedudhel WEIHRIRI S AP RRUATRA Blaubls, det er m ned
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