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VETHOD, DEVI CE, AND COVPUTER READABLE MEDI UM FOR
DETERM NI NG WVHETHER TRANSM SSI ON SI GNALS ARE PRESENT

wo b1RBGEPI/ED S| GNALS The present applicati on cP@i/a6200te00204

benefit of the United States provisional application
61/ 079,531 (filed on 10 July 2008), the entire
contents of which are incorporated herein by reference

r e qnﬁﬁggg FEt
METHQ D?tl gr%'u gg‘r&@rgméeggga%}?%gﬁnet od for tear%ir%fIryg
mmmhetﬂmmmms SIGNALS gARE SPRESENT cTf rRECEIVELR 3 GNALS
si gnal s. Background Ot hogonal frequency division
mul ti pl e access (OFDMA) , in which the subcarriers in
The pfﬂbéﬂﬂrﬁﬁﬂﬂﬁﬂaﬂﬂb%q@QB@MsdtMéSb@ﬂeﬂytt®§|E%én@ni£§&»0
nbol are assigned to different_conmunication devices
Statesr d?r@#ﬁﬂqrbﬂ%@wltlﬂéﬁéﬁﬂséﬂéw9h3§1 bééhl%ﬁi oPosty Gy
2008) N f@érﬁeb%l d&bﬁ%t@ub@ m@cﬁcgﬁéslﬁssbﬁbﬂy@e@rwereln
a y sone wreless application standards such as
by reﬁdueww&eﬂmﬁsﬂdemnuﬁ@BESan area network (MAN) standard
(I EEE 802.16). In a non-centralized network,
conmuni cati on devices are not aware which subcarriers
have been occupiedTéghnﬁda&'Eu@ﬂnUnication devices in

he net Therefaqre, before.usin he, shar ed
EmbOd%Wﬁﬂ1 g¥) %ﬁﬁ%ﬁ&ﬁPBaPFBﬁrai&VcEe%ﬁi? ERna g fHaed for
deterlﬁlr}@ﬁﬂflwﬁé}:l’&ﬁce winghisybear sighslar erecpupsedt This is
cal l ed subcarrier sensing. Subcarrier sensing is
recelvrd fekEM1Srom t he conventi onal

Background
Orthogonal frequency division multiple access (OFDMA), in

which the subcarriers in an orthogonal frequency division
multiplexing (OFDM) symbol are assigned to different
communication devices for simultaneous transmission, has
been proposed as a new physical layer multiple access
technique and adopted by some wireless application standards
such as the wireless metropolitan area network (MAN)

standard (IEEE 802.16). In a non-centralized network,
communication devices are not aware which subcarriers have
been occupied by other communication devices in the network.
Therefore, before using the shared channel, each
communication device must sense the channel to see which
subcarriers are occupied. This is called subcarrier sensing.
Subcarrier sensing is different from the conventional
sensing, which senses the availability of the whole channel.
In conventional carrier sense multiple access (CSMA), a
communication device senses the whole channel and uses the

whole channel if it is not occupied by others. Subcarrier
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sensi ng, which senses the availability of the whole
channel. In conventional carrier sense nmultiple access

W@ a8Mb)s396 a comruni cati on devi ce senses the whBCESG2009/000204
channel and uses the whole hannel if it is not
occupi ed by others. Subcarriersensing allows multiple
comruni cati on devices to share the sane channel and

sensitn%era&[lg&g lllnﬁﬂ;ﬁ? §§Sc51?.1ﬁu1§ éed %Dﬁiase

unrstic u age iIS1s a so
same spaohemnapdothﬁgetofe 1@d§eases1uhﬁuyhﬁnnﬁkﬂnapauaty
radi.,o s itive radi r adi
by al\hOWépgsgp%%%ﬁlﬁﬁggffoﬁs‘—f\%eWnl c]hS Sthzlrsoa C?}ae vvo({r KM a
basedMsbekegamcpoBlbhgatton dey) cea changest idyrirainsmesiieon

or reception paranmeters to conmunicate, efficientl
systegyofaphgt Fﬁ?e?f‘@?@né% i PA T BhSRF &lﬁq%nsedy

commuGQAUALEAE hothdeMi 688ned N Snédd&Fiatd O Gfi Rarapet ers
i's generally based on the active nonitoring of severa

commundcRGASN| AeVhecesheraas ahe franyHedskemir reception
param%%%l QHEBEmmﬁ EBaéé %ﬁﬁi&héﬁ?ﬂﬁgﬁﬁ%tmgﬁitr&H@rference

Comruni cat ron eV|ce avl or state I's
with deseneddtorpnowadenaedetbmmbmxpaﬂﬂnnad&nﬂQﬁﬂyIﬂhms ity
alter %aCthfathe chagg erge ased on

&gé Fed*t B ﬁ?OV| a et 7o dr? % erm ne ﬁ ﬁ
monltb&an@nbsss@nesagnahstafs pmesmmteXﬁEfmnmﬂaﬁﬂjxnuynﬂai
via at | east one subcarrier Su wnagy I n one

radice RRYAFRBAEN e ABEROEST S2PH IV HRIFHTY RS M Hing

commuMiebhebnt HARSBESBERAVELINASE WEBvRHIeSEiYtd N recei ved
signals, the nmethod including receiving a first signa

via a first
It is desired to provide a method to sense the availability

of each of the subcarriers. In other words, it is desired to
provide a method to determine whether the transmission
signals are present in received signals via at least one

subcarrier.

Summary
In one embodiment, a method is provided for determining

whether transmission signals are present in received signals,
the method including receiving a first signal via a first
radio resource; receiving a second signal via a second radio
resource; determining whether a first transmission signal is
present in the received first signal based on the received
second signal; and determining whether a second transmission
signal is present in the received second signal based on the

received first signal.
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radi o resource; receiving a second signal via a second
radi o resource; determ ning whether a first

WO e@an®e§3ssi on signal is present in the recei veRCT/BGHN9/000204
si gnal based on the received second signal; and
determ ni ng whet her a second transm ssion signal is
present in the received second signal based on the

Accorgﬁgrgi .\é%%&hg%t eﬁbga%e@egorgl iee g,r e agﬂgrgggr;e%n: s

vice and a conputer read
readaile nethod descrdbed aboveeamet@m®vdeﬁqubadwﬁhmﬁqiare
grso be noted that the enbodi nents described in the
provigéSandent claims of the independent nethod claim are
al so anal ogously valid for the correspondrng devi ce

and conput er readabl e nedi um where a |cable Brref
Tt shguder PRPPoRCOROERG BRal S THACUI Ty {5 the

depen@%%ecse%a}nx be egal enaepPhashe m@eﬁ@@dcwlnerﬁé Yalogi ng
pl aced upon illustrating the principles of various

analogevediyn¥atsd Fart heefepréaﬁm@n@ee@r i@, andrgdiiter
reada 5%1 %'eﬁ?r%swﬁéﬁedgﬁ‘p‘ﬂév\glwth refefence to the

OW hg draw ngs, ch: FIG 1 illustrates a
communi cat i on netmork accordrng to one enbodi nent;

FIG 2 ill str es thod rrier
sensi ng oﬁy 1b J? QEZDBAaWER ing to one

The defdhadigegeats EbG nacélslsusugt &8 scared hoshyia et einmd trdany
whet her transni ssi on srglils are resent in received

generildiaPs ia6cBIaPAE FBOBn&  CHBBHF bn ; T principles of

various embodiments. In the following descrlptlon, various
embodiments are described with reference to the following
drawings, in which:

FIG. 1 illustrates a communication network according to
one embodiment;

FIG. 2 illustrates a method of OFDMA subcarrier sensing
or multiple channel sensing according to one embodiment;

FIG. 3 illustrates a method of determining whether
transmission signals are present in received signals
according to one embodiment;

FIG. 4 illustrates a device according to one embodiment;

FIG. 5 illustrates simulation results of blind detection
performance;

FIG. 6 shows simulation results of blind detection
performance;

FIG. 7 illustrates simulation results of blind detection
performance;

FIG. 8 illustrates simulation results of blind detection

performance;
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FIG 4 illustrates a device according to one
enbodinent; FIG 5 illustrates simulation results of
whbkiingdoided ecti on performance; FIG 6 shows si neCEHSGDNG/000204
results of blind detection 4erformance; FIG 7
illustrates sinmulation results of blind detection
performance; FIG 8 illustrates sinulation results of

plrnd odet egti 0B &1 & DRBREES ! G s PLid |3St184RS detection
simulation results of blind detection performance;

perfofFmance@ illustrates sinmulation results of blind

?%Eectﬁ'oo %EEF%?%@chlm\Eiﬁl&} rdd pstd a&ﬁ%ési' '1&" ation

resul det ection perfornance;
detecitibusprattesmshaw} ati on results of blind detection

BT Fnd |dot a0 bR bet 1 S RANREL OFI Geo it (1 uetrdis -

detecshoul gkirgbrinesbbf s of pil ot/ preanbl e detection
Eerfornance FIG 15 jllustrates sinulation results of

LCot Agr éanBFET kR cEHBA et Porirsite:s micghligd

detechhbgs%gggg§m§hgylatlon results of pilot/preanble
detection performance; FIG 17 illustrates a conputer
dé€or didngliysbhetes simulation results of blind

detection performance;

FIG. 14 illustrates simulation results of pilot/preamble
detection performance;

FIG. 15 illustrates simulation results of pilot/preamble
detection performance;

FIG. 16 illustrates simulation results of pilot/preamble
detection performance;

FIG. 17 illustrates a computer according to one

embodiment.

Description

FIG. 1 illustrates a communication network 100 according to
one embodiment. The communication network 100 includes
communication devices A to H (111-118), wherein all the
communication devices A to H (111-118) may work in a
particular frequency channel. For illustration, circle line
101 represents the transmission range of communication device
B 112, meaning that communication device B is able to
transmit OFDM symbols to other devices that are located
within the circle line 101. In this illustration,
communication device B 112 1is able to transmit orthogonal
frequency division multiplexing (OFDM) symbols to devices A

111, ¢ 113, D 114, E 115, and H 118. Similarly, circle line
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enbodi ment . Description FIG 1 illustrates a

comruni cati on network 100 according to one enbodi nent.
wabaoewsnwuni cati on network 100 includes conmunPCESGZNG/000204

devices Ato H (111-118), wherein all the

conmuni cation devices Ato H (111-118) may work in a

particul ar frequency channel. For illustration, circle
102 r'e'éﬁ%s%?l]csr.e%ése%ﬁnéﬁfséiéﬁs%ﬁéé’n dangepfce ¢ 113,
conmmuni cat i on devi ce 112, meaning that communi cati on

meanin@ev’a::lm&t Bdesiakl eC t dst ra@d@m to OEDRnsyAthol GFAM evihkpls to
other ?ﬁigx:_z:ﬁ(séslt :%%%gtalr,ag:ﬁl g géaeigec\(w %vm:ﬂﬁh%h | rgirecJBé 2?5%?;102,

! , conmuni catl on evi ce
and cabkeetolifansniz eephegenat futequemeyisgigssban range of

- multiplexing (CF synbo|s to devi A 111, C 113,
devrtce11m,1£4r11r5?gla1(alag EF'\%TSYd%Yﬁ?a |§:?V|€*ﬁi§| &9 | é”iﬁf‘]ijﬁ oru

symbol'EPESSERhS 1 RevikARSHeS vd angeated devhes €htlEircle
. meani ng that device Ci s able t o transmt OFDM
line Idbols t o other devices that are |ocated within the
circle line 102, and circle line 103 represents the
transm ssion range o f device D 114, neaning that
In oneglleambmeijﬁents dbl eaty bet pansmet OFOM $9nblod snetwopk her
evi ces that, are | ocated w thin the.ci '
100, 4R ishe CEHIRER PR Tmeg BroCRRRUbSrFEaf doPfea”
111-H netamyrdowldd Gh e ity ogorBlnf cadhemc v evi cies iorf
~communi cation devices A 111-H 118 knows the orthogona
mul tiglesdden IR STEHCREFRT pFRRTF ngS ( CY§ Ju%tFtﬁeefl hat

(cp) lIshgthefy AL mref imeutCB) rengtlioand (rhe) Faste Fomtiéer
Transform (FFT) size. Wen
a communication device receives a signal, the communication

device discards the part corresponding to the CP and then
implements a FFT on the signal. Two hypotheses may be used:
Hy, signal/interference absent on a subcarrier; and

H;, signal/interference present on a subcarrier.

The received signal on subcarrier n (n = 0; 1; .. ; N - 1)

may be written as

H,:x,(n)=n,n),i=0L.,M-1 (1)

H,:x,(n)=s,n)+n,Mm),i=0L.,.M-1 (2)

where i is the OFDM symbol index, n,(n) is the noise and
s,(n) is the signal or interference component on subcarrier
n. Here interference may be treated as signal in order to
avoid using the subcarrier with strong interference. The
x,(n) may refer to constellation symbols after FFT has been
performed on the OFDM symbol stream received in the time

domain. For example, x,(0).. x;(N-1) is generated by FFT from
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a conmuni cati on device receives a signal, the

communi cati on device discards the part corresponding t
wW®@2:0108039¢ and then inplenents a FFT on the siPBCESG20090000204

hypot heses nmay b e used: Hm signal/interference

absent on a subcarrier; and Hcf signal/interference

present on a subcarrier. The received signal on

. sub ie (n.=.0.; RPVEUN |\ R | b
the 1p00R SymEh Y thay ﬁﬁasi Degr egetved: HFB%X) 581 xt (n)
assum&stthathtOnumisd ,of .M MEIM (s¥mbwhier ere iresetiredOFDM
synbol index, t}(). i s the noise and st() i s the
may a%%@ﬁﬁf?ﬁquﬁQH%Q#%nce conponent on subcarrier n .

. N, %D i8ehteahedyaqss et gpatedn order
() ngﬁ%gg%gﬁ%dﬁg%ﬁgﬁfﬁgggubéa?rier mﬁ¥h s?rong ©

(2) skﬂﬁ%ﬁ%@ﬁ%@%ﬁenﬁ@ﬁtxaQrHlfﬁ@yeﬁﬁfﬁimé O £ ebd Bt Y
synbol s after FFT has been performed on the OFDM

n. InSyphel wdr@am §epeiaved indepbadthoeidodnf fer&ot OFDM
example, X (O... XI(N-V) i s generated b y FFT

symbol s ompdhesittdrORBM gynbol that has been received. It may
be assuned that a nunber of M OFDM synbol s are
received. It may al so be assuned that (1) ht(ri) are

In onéngdg@pedtesnit anthe desinuraldat idinstdeviuesdA (2)1-8t {)8are
i ndependent at different ti d_and.subcarrier n.. _Ln

carry ophbra wdt RSt Wi i%?detpog%&élr?? alqr]f g‘?‘fef SPene T OFBRP’

beingSYABEb e @Mk SEICEY I'd Simih i.cdil neletiikedi BeNtntbh€erence
comuni cation devices A 111-H 118 carry out

a
baseddehethé oreowd edd i siamp ¥ | wWal LTt kbesyBEaivrer §1pBRAgX (M)

occupi ed by ot her conmuni cation devices or _
compripeardekepeanission signal s,(n), then the respective

subcarrier n l1s occupied.

It should be noted that the method of sensing transmission
signals in subcarriers provided herewith 1s also applicable
to multi-channel sensing. That is, sensing multiple channels
to identify which channel is occupied or vacant. For multi-
channel sensing, s,(m) and n,(n) as appeared in equations (1)
and (2) may represent the signal and noise, respectively, on

channel n and time i.

FIG. 2 illustrates the method of OFDMA subcarrier sensing or
multiple channel sensing according to one embodiment. The
method includes 201-204.

In 201, the received signal x,(n) at each subcarrier or each

channel is transformed into x:;(w). That is, x:i(n)=¢@(x;(n)), where
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based on the received signal xt(n) . If the received
signal X (Ti) conprises a transm ssion signal S(It) ,

W@ b@n/0o33es r especti ve subcarrier n is occupi ed.PaT/SG2009/000204
shoul d be noted that the nmet hod of sensing
transm ssion signals in subcarriers provided herew th
is also apFIicabIe to nmulti-channel sensing. That is,

. se : tipl e St q i, dent | [ appelnks
N T e e L S R e
transi@ddd Ldur@s sapear adx)n equations (1) and (2) may

represent the signal and noi se, respectively, on
channel n and tine i . FIG 2 illustrates the nethod

of DVA subcarrier s ing,or ltiple channel, _.
in 20%@&§§h§“§3§5¥6§ﬁ&efbo n%hgnﬁgépgéﬁFWQtheﬁ%%%%% signal
N i ncludes 201-204. In 201, the received signal X (Ti)
xi(n) mély @Relvcaithead:i enps —e@ﬁo aenngt = Ds.., (W -ahsf Unerese quroce
, mhgref is a functiod Thelfunction f may be chosen
ased on the transmtfed source.signhal st.(n) . In 202,
of yU{h@aﬁvgﬁaﬁgoﬁgﬁé?go?n?%eyipgméiﬂw§§ %%%%%ﬁ%grsignm
ascenaQA@)oﬂﬁ%gbe computed: . The sequence of y () may be
reordered intoy (n) with descendi ng or ascendi ng
order. In 203, the nunmber of vacant/occupied
tn 205UbERALY &Hﬁ%ﬁ*8¥"vﬁégﬂﬁ%6éﬁa delesmned hasedcAlnnels
ihformation theory or successive energy conparison. |f
may béhgetenreredfbaschnin sulfcameitéosy thenngl sri sureandinug

energ?sé%ﬁéﬁﬁéégi.UHgQS&eqanﬁ%ﬁyeke%a%%%%arrierS/Channels

subcarriers/channels is found as p, then the number

of occupied subcarriers/channels is g = N - p.

In 204, the g subcarriers/channels with highest transformed
powers are found and may be defined as occupied

subcarriers/channels.

FIG. 3 illustrates a method for determining whether
transmission signals are present in received signals
according to one embodiment. In this context, interference
signals are also considered as transmission signals. The

method illustrated in FIG. 3 includes 301-304.

In one embodiment, in 301, a first signal is received via a
first radio resource. For example, the first signal may be
referred to signal received via a first subcarrier, or via a
first frequency range. Assuming that there are a number of N
subcarriers (n= 0, 1,.., N-1) for the OFDM symbol

transmission, and a number of M OFDM symbols (i=0, 1, .., M-1)
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In 204, the q subcarriers/channels w th highest
transfornmed powers are found and nay be defined as
wWo@eaupdBe subcarriers/channels . FIG 3 il ustP@Er/e62009/000204
met hod for determ ni ng whetther transm ssion signals
are present in received signals according to one
enbodinment. In this context, interference signals are
n r K 1 @R LS hg; od
e F e S T el udee 501°904°°1 7 Shgred
recer@@ﬁOQHJEﬁHbcaﬂriﬂan=@,fmbmblghgﬁabnaﬁ xgOpi weslraira &0,
first radio resource. For exanple, the first signa
+ iyl be referred to signal received via a first
subcarrier, or via a first frequency range. Assuning

that there are a nunber of N subcarriers (n=
In ong embodNp§ntf ghe He XEEDMASY P EESPHERENT S s Bnleaﬁa gne
first WHPE o pf 5 f%#JEMA?SHﬁ@%d%pﬁb, ithd flrst,sthiﬁrﬁs
received, the first received signal may be a signa
recelV%@eV¥®d3W|kﬁ%ﬁﬂxﬁﬂﬁwﬁﬂbQ&ﬁJleﬁanélﬁ §%§népb%a€9}er
with uerefpldr nuﬂb =0 Jﬂ& c#@%ﬂaggsegbgghggﬂﬁt tB@ for
i 0 resource is at ast one first carrler
examp Bé gnabigiror examgy ex (Hhe thirr $&0si gnal., i B-Lpcei ved via
at | east one subcarrier, i.e. the subcarrler W th
subcarrler nunber n=0 and conprises a plurality of for
g val 120, 1., < M)
In oné ?ﬁg%ﬁﬁkéﬁ%ogﬁ#%n f§%12¥§523%ra Fgerégoargérfg a
frequéméﬁtrém@quehmyoneuthodumamme emmeodiiment ratihe fepstrce

radi o resource {5 a first .conmmuni cati on channel. In
is a %ﬁESEnﬁ%%TH%&Ea A9 $38 " second signal is received
via a

In one embodiment, in 302, a second signal is received via a
second radio resource. For example, the second received
signal may be a signal received via subcarrier n=1l, namely,
the signal with signal values x;(1) with i=0, 1, .., M-1. For
another example, if the first signal value of the first

received signal x,(0) is received via subcarrier n=0, the

first signal value of the second received signal x,(I) may

correspond to the same OFDM symbol and correspond to another

subcarrier n=1.

In one embodiment, the second radio resource 'is at least one
second carrier signal. In one embodiment, the second radio
resource is a second freguency range. In one embodiment, the

second radio resource is a second communication channel.

In one embodiment, the first signal and the second signal

are, at least partially, received simultaneously. For
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second radi o resource. For exanple, the second
recei ved signal may be a signal received via

waaoaesder n=l, nanmely, the signal wth signabCTaG2e%000204

X-(1) with i=0, 1, ..., M4. For another exanple, if
the first signal value of the first received signa
X0(O is received via subcarrier n=0, the first signa

val ue of_.the second received. signal (L) my .
exampl&yy rtgtepdfrjr(f St%o Stlﬁélag'aﬁé E?d?/?sgﬂ%oflﬁ%% %%?I}aeis{plo%dx Q)
anot.her, subcarrier n=l .. I ty ot se
and tﬁ%ﬂﬁ%f%FefﬁﬁWE& VS TXE Pgagbgoggggggg%géﬁgpr}%rggpgngﬁgq
the tHd NS MRQHMERL Wkhe £SERENE; Fa€i 91 GRSDULEE® tise afirst
second frequency range. In one enbodi nent, the second
signalr atiloe esourice sesoads eégnal cBANUAPERE PRANE haPinEle F37me
orpu YIHATRAY TEH & plis! SL 26002k AN ke econth 51 gnal
e, at | eas partially, recerved sinultaneously.
Forexanple, the first signal value o f the first
signal is 0(0O, and the first signal value of the
second..si gnal .is XO(Il) .. .Th : ' ign t
In ong 4§ eOdcffmﬁqﬂcé ' 5356%& )ér?alll—aﬁgt%Eglbggs{qhéﬁgﬁgl gvngruSe 0
transniddiesecand siignareseytcanr ebpondcedvetief sage OFDM 1
synmbol i =0 and t hus be received sinultangously. In
baseﬂdﬁb'%ﬂﬁxﬁﬁﬁﬁﬁﬂégﬁg% oS, Sren? ‘dEPgrﬁfﬁgakﬁheﬁ%%r.a
receivdd St fJ@ANSIHSSI b ySi@Nal (o) SwREESEAL 1Lp, the 1 eceiveding
first signal” based on the feceived second signal. For
the r&X&RE, sddvnd ecejnad iyt B Sd @nabhemyib 200 (0) .., M-1.
wherein i=0, 1, ..., MI, and the received second
Refersimgnato Ayl kre idlW)tnattedeiin FE0, 2., the reppived first
Referring to 201 as illustrated in FIG 2 , the
signaleggdhyved fdubtlarrier n=0 is transformed into x:(0), and

the received second signal x,(1) at subcarrier n=1 is

transformed into x:(l). Referring to 202 as illustrated in FIG.

2, an average power of the transformed received first signal

n , . 1 <M
x:(0) may be computed using equation: y(0)=———z:i=0

2
_xiO -
15wkl

Similarly, an average power of the transformed received

second signal x;(1) may be computed using equation

2
. y(n) may be reordered into yi(n), i.e., in a

y® =

descending order. For example, assuming that N=2 and thus

there are only two subcarriers n=0 and n=1, then if y(0)>y(1),
yi1(n) 1is ordered to be y(0), y(1l). Similarly, for any value of
M, assuming that y(0)>y(1l)>..>y(N-1), then yi1{n) is ordered to
be y(0), v(1),..y(N-1). In other words, for any value of M,
yi(n) 1is ordered such that y1(0)>y1(1)>.>y1(N-1). In one
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signal x (0) at subcarrier n=0 is transfornmed into x;
(0) , and the received second signal X1-(1) at
waaoaesder n=l is L transformed into X-(1) . Ref/RGL009/000204
to 202 as illustrated in FIG 2 , an average power of
the transformed received first signal Xi(O may b e
conpute? usi ng equation: y(0) Simlarly, an average
ower:- Q f r % S sjgnal X
examp% lfﬁf(@ conp%géﬁqUS|n§ ggggtﬁq%}m¢$E§?%Y)b§(n) nay
concl&&éﬁ.ﬁ@ﬁﬁﬂ&ﬂﬁgid'ﬂéJﬁwaﬁﬁhasblen signal Msj(6) wesoenshdrgent
order. For exanple, assum ng that N=2 and thus there
in théﬂﬁbdﬁﬂwed\ﬂiﬁﬁ&b@&@mbars%®#0 andanghrthéenexdmple,
y(0)>y(l) is ordered to b e y(0), y(l).
referiSing |tay 130 s\tma@@doﬂnNFIGasgu hg pREPSY @B) >y

occup1§/€|t% 15)>ub,ca.rr¥1ye(lj(\l"é?rr5’ tb%eraexg&mnlea egggaegnt anoﬁmgé%m

_ _ I'n ot her words or any val ue of
theorywqr)ﬂqdﬁessivawhﬂamgyswompahasoy i I00Fhdyi confest, by

N-1). ., 1n, oneexa 0 much. Lar t han
verm (RNBIGY e COnGiiaéd That PREFBCF4 Py Baeh Sa) Bacd
to trShgmal a (arkeiing iPresdnhaln Fbe repervedulbarséxsingba)

X1(QO In a further exanple, referrj

2
g may b ARYRBPIh 1 &2 2, RehethdREer o ?8gc%gp?gguggrated

in FIgubganddfIig %I{T&ah@azaqe@ieebm ged , basega9npknhet aBhi 88d
theory or successive energy conparison. In this

that Pomteng sudvaneeh sdddpitddheghc &FPPEFOFBRErBOYBT a
namel;Zutg‘P@rsrdtgfalIﬂaér 'c‘ox‘ise othil‘i'lEga@énbﬁ tfﬁn@mssséﬂ}n le,

or a particular exanple, y be detern1n d
is oc¢upiEd].Th@ﬁﬁewﬁlmﬁylhﬁ Z@@Céydﬁﬁlﬂéﬁtatéé first

transmission signal s,(0) is present in the recgived first
signal x,(0), and no transmission signal is present in the
second signal x,(I). Thus, in one embodiment, the determination
of whether the transmission signal s,(0) is present in the
first signal x,(0) is based on the second signal x(l) and a

comparison with the second signal x/(1).

In one embodiment, in 304, it is determined whether a secocond
transmission signal is present in the received second signal

based on the received first signal. As an illustration, the
received first signal may be x,(0) wherein i=0, -1, .., M-1, and
the received second signal may be x,(1) wherein i=0, i, .., M-1.

Referring to step 201 as illustrated in FIG. 2, the received

A
first signal x,(0) at subcarrier n=0 is transformed into x:(0),

and the received second signal x,(1) at subcarrier n=1 is
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in FIG 2, based on the value of g=l, it may be
determ ned that the one subcarrier wth hi ghest
wao eansbdseéred power, namely the subcarrier correSpPSGINY000204
to yi(0) in this exanple, i1 occupied. Thus, it my be
concluded that the first transm ssion signal .S -(0O
is present in the received first signal x (0), and no
transmi ssion signal is present in the second signal X
transfMmed TS () anecgakednoent, 20heasdei ETnstedton bf FIG.
mhether the transm ssion signal 1-(O is present in
flrst SI (Q ased on the_se |
2, an ¥ eT g R AT S O T TR0 2885R0°0 SadraE Cr e
In one enbodlnent in 304, it |§ det er mmed whet her a
may bée@&ﬁkﬁgﬁécﬁnﬁdﬂxﬁﬁlmaﬁjwly(ﬂ)s F;(O) theimageirigd
second si gnal based on the recdﬂved irst signal. As
an illustration, the received first signal may be
an avedd§d ©1d¥ itHy ﬁkansfonméMWLec@ﬁdeﬁhe1§ﬁéelwg@) may
second signal may be X1-(1) wherein i=0 , M.
Referring to step 201 as |Iﬂ Ln @ZIn FIG. 2 ,. the

be compesdedsing jgstatsigharile ca¥ it lermRHEPs s
transfornmed into x;(0) , and the recei ved second

reordét@@ain%o(iﬁrﬂl subnarﬁmee ek ceatit agsboaserd FBEOexample,
ringt o202 as illustrated in FIG

- (1)
assum2n9 %h%tawe?a@é]ddWefﬁbb*]theqﬁﬁﬁn§ﬁ6?heﬁsr%%%?9%ﬁ £ be

sg, 99?' >S£g@1 M 1Ty @ Ut 8dUushpg vaguat anM>>§/Q)n
Simlarly, M-"- an average power
is ordﬁeedramghcﬁhﬁ%im@@éPveﬁlé?gﬁalNkl( -) Ipgpne example, if

y(0) is much larger than y(l), it may be concluded that there

is no transmission signal s;(1) in the received second signal

x;,(I) . In another example, referring to 203 as illustrated in

FIG. 2, the number of occupied subcarrier g may be determined
based on information theory or successive energy comparison.
For a particular example, g may be determined to be 1.
Referring to 204 as illustrated in FIG. 2, based on the vaiue
of g=1, it may be determined that the one subcarrier with
highest transformed power, namely subcarrier n=0 in this

example, is occupied. Thus, 1t may be concluded that the
first transmission signal s,(0) is present in the first signal
x,(0), and no transmission signal is present in the second
signal x;(I). Thus, in one embodiment, the determination of
whether the transmission signal is present in the second
signal x,(1) is based on the first signal x;(0) and a comparison

with the first signal x;(0).
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b e conmputed using equation . y(n) nmay b e reordered

intoyi(n), i.e., I n a descendlng order. For exanpl e,
wassoIsgs that y (0) >y (1) >. >y (N1) , tPETSE2009)00204

i s orderedt ob e y(0), yz(l) , - Y (N1) . In
ot her words, for any value o f M, yi(n) i s ordered
such that y i (0) >yi (1) > ..>yi (N1) . In one

In on&XABL&: én€ yfo)'%]é%'@g?aslaEQ%rmE@ﬁdeEk)deteimﬂHYnQ

e concluded that there i s h o transm ssion si gn
whethés(tz)amsmwteorr ezne;naelds asec e ssengnah Xecy)ved| aignals
not her exa errln a.s il trat di n
incLudy Fee Y Er it G4 dachstedaueneirense iud b o
secon&eéﬁgﬂanedF@@&ﬁdn@ﬂna|nﬂ@fE&&ansh@aaﬂyandrthecsessnde

ener gy conparison. For_ a par r exa b e
signalighey mhed { CRE ael OF%fsé/ﬂs" ﬁ ug 56295530%”%
dlffeféﬁysgu@éggrieﬂsFIG. 2 , based o n the value o f qg=l,

[ may b e determ ned that the one subcarrier with

hlghest transforned power, nanely subcarrier n=0 i n

In onéhéﬁ?géfﬁgéﬁélﬁ%iIﬂﬁﬁﬂﬁi%meﬁ%%scoh.&1@@¥ Be%ermlnatlon

concl ude e first transm ssion signal s (0)
of whetikesenthe fHitdhe Figrstl s:]cgrm:gglls)es(@) trapgmasgion 51gnal
ansm ssion si '

t | d nal
The dﬁ_%¥Tlpa hﬁ%,m?ﬁ d%émgﬁ%P %F SGEOBQQ %gﬁat?é% o f
examp WBEt Blgé aherfgmsﬂmm @t sﬂmaiedelsreplr gdest ishghhé and
second si gha [ ed on the first si
the repsiXAd aee%aﬁ%fzﬁ% ﬁ%}h 3319@@% AgndFSRE 6)1‘79?{%{
The c%ﬁ?a?ﬂ?@ﬂ'Bﬁnﬁhelébéﬁiﬁﬂd\MBWE%s e met heddoffor further

et erm ni ng whet her transm ssion signals are present
determpnpeéenved RGeS thee | uded rdediali FeMerLigeri psf1rst

transﬁ%gg?bnagg £§EE'Yﬂ0£ Ofm & Seeithedd, 9nNal makoheexanpl e,

I'rst |gna and the second S|gnal may be of the
detersaned OFDREByNbOhe $reorebriiespdndaprises a second

transmission signal.

In one embodiment, it is determined whether the first
transmission signal is present in the received first signal
based on the received second signal and the received first
signal. In other words, the determination is based on both
the first signal and the second signal. The determination,
for example, may be based on a comparison of the first signal

and the second signal.

In one embodiment, determining whether a first transmission
signal is present in the received first signal comprises
determining a measure of the average power of the received
second signal and wherein it 1s determined whether the first

transmission signal is present in the received first signal
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di fferent subcarriers. In one enbodi nent, the nethod
further conprises determ nati on of whether the first

W@ @goabs3eonpri ses a transm ssion signal. The PCT/SG2009/000204

determ nati on may be based1dn the second signal. For
exanpl e, the averaged power of the received first
signal and the received second signal may be
basedcgﬁCyﬁgt&%%efﬁfﬁéﬁnﬂWgﬁﬁ&e g&et%%n%%%k%%% Ew%@?of the
aver aged powers naye%e used for further determ nation
receioddwhetdmd s$hgndlirst signal conprises a first
transm ssion signal. In a simlar manner, it may be
det ermi ned whet her the second signal conprises a
As anSETDNsk t&ansH) ssébdrsirgnalo 2102 ene idthedirared, int FIS.
determ ned whether the first transm ssion signal is
2, therebent shonak necdivedl (@i reersiignarObaded--onMrhe and
recei ved second signal_and the received first_signal.
the s¢aORE het Mot d8aY the HEY eFRPR&EPoR~Ps based Bnlboth the

first,_si | and.- it he second si | A T d rmnat i
recex LU, 081« S0 LI SREAN 4,08 2 TGS RLLBR, 20

' signal and the second signal. In one enbodinegb
signafefdPhidt iy REFHHAT &0 fst trPRREATESAoRN sP ghdl) 4 sand
present in the received first sjgnal,h conprises
the THEELF A nF HGORS nExERA b ’6’1(15tﬁ£ SURFAGE. FOWRT . of St he
recei ved secqond signal and wherein it is determ ned
transhbehberitbe ki()st Refmnstingsiten29gnal ildupreseadl in FIG.
the received first signal based on the deternm ned
2, anngégg%SeopéwéPeo Vel O] - dtfgééfygﬁ 8! n%%cﬁﬂdn
sighal? " A"s an iTlustration, referring to 202 a s
illustrated in FIG 1 —malr P
may be computed using equation yUD==EZ§Lﬂ x:(0). , and an

average power of the transformed received signal x;(l) may be

2
Based on the

1 _1la
computed using equation yﬂ)=EZ§:Z;xnﬂ)

computed y(0) and y(1), it may be determined whether the

first transmission signal s,(0) is present in the received
first signal x,(0) based on the received second signal x;(1) and
the received first signal x,(0). For example, if y(0) is much
larger than y(l), it may be determined that signal x,(0)

comprises a transmission signal s,(0).

In one embodiment, the received second signal comprises a
plurality of signal values and the measure of the average
power of the received second signal is determined based on a

combination of the signal values. As an illustration, the
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2, the first signal may b e X-(O wherein i=0, 1
.., MI, and the second signal may b e X1(I) wherein
WO 2@0/005396 . .., M. Referring t o 201 as il | usPCEHS@L09/M0204
FIG 2, the received firsti4L signal x (0) at
subcarrier n=0 is transfornmed into X -(0O, and the
recei ved second signal X (V) at subcarrier n=l is L
t ransf

f t :
cecond FEBHEIER TP s TSI 00 L0 200 86 o cione
recelx%c?n\?:ﬂc orsqﬁﬁjcaﬁ%%f’%ils' %%ﬁbr)fseéoﬁ FeYrB1€+GOBPUL€gnal

sing equation y(0) and an average power of the
valueérﬂﬂgfonﬂﬁy,rﬁaghved shgnainxa(mgmM®y &f eM commpeitedlation

usi ng equation . Based on the conputed y%O) and y(l),

symbolg h@ygt)%?QRﬁdﬂﬂﬁrﬁ9j4ﬁﬁaihéﬂQ@We PPSEt etFahsAFEsi on

recel\(ﬁnafhé ? oﬁ%&%@tof rihtehﬁlru.ec ':L‘E?do%' rs§%n§h_99§hué<s

base e recel ved secon si gnal
may béhesedced ek dimigte snmaalveth@O)pOWIécjr oéx ahpl éeCﬁfLV?@O)
is nmuch larger than y(l), it jqay b e determ ned that

nal _X1-( nsm ssion signal 1-(0O
Secon? g%%% %%bodgneg@P taln r@Leqéed second signa

conprises a plurality o f signal values and the
measure of the average power o f the received second

In oneI gx‘lr?lg irﬁ r‘fll,et ef Ly neeagc}pasﬁ%aqn v316RTbiN&kLan af othene

ués.” A s an illustration, thesecond signa
s:Lgnal(l*Qdii)ue?\heat@edl or=Othel a,bsolutel\/Malqmpgfh the shenglgialue

celved vi ubcarr.i.er , I plLurality .o
is deg?gﬂ%ﬁlega‘—f St c)om%rtaif)lon O%O'I% %?%)n%l l\\/d%é_?tgsnXs ]:an
averaQeNHEr tiod Ihé@@lﬁtﬁé@ld)ﬁtﬂ}&n signal values. Taking the

subcarrier n=1 as a particular example, referring to 201 as

illustrated in FIG. 2, each signal value x(l) wherein

i=0,1,..,M-1 is transformed into x;(l), i.e.x,(1) is transformed

into ;\co(l). Then the absolute value of each transformed signal
A )

value is determined, i.e. the absolute value of xo(l) is

determined to be

xo(l)l. Further, referring to 202 as

. . 1 M
illustrated in FIG. 2 and the equation y(l)=—]‘7zi=0 X

A
signal values x:;(l) are combined in the measure of average

power of received signal via subcarrier n=1 and an average is

calculated to be y{(1l).

In one embodiment, the measure of the average power is

determined based on an average of the squared absolute values
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synbols (e.g. according to 4QAM 64QAM QPSK etc.) are
recei ved. The conbination of the plurality o f signa
woai1mes3sey b e used to determ ne the average POMEG2009/000204
the received second signal 15i.e. In one enbodi nent,
for each signal value, a neasure of the signal val ue
based on the absol ute value of the signal value is
of tnd AN AN | b8 1SOURBALIAN .0t ! NP1 8L OPEY YA HEENLS
an erage of the measures of the signhal val ues.
Taking the spyhparnier n=l a s a particul ar exanple,
equatiaf ep) tEhg%l(lgss- illustrated in FIG 2 , each
signal vafue xt(l) wherein L i=0, 1 ,...,MI is
transfornmed into X (1), i.e. X0 (I) is transfornmed L
into Xo(l) . Then the absol ute val ue of each
In oné¢ remsidimmet sidgialrmi niziguehies hgat hai Aegsti teanphéssion
. bsol ut e val f xa(l).:is determ 1
sianafRfihodtly df s Bohere s TUEeT, PRdpnd, Safr okl o
compr Bk tdee: emuiatiingn av (e sare XE( kthet beebhgespgnak vél tks

 X1(1), are conbined jn the neasure of ave e wer. . of
e i s L P
transfid st edyin B L gidskent lih @ne esbediveentirtbesignal

nmeasure of the average power_ is determ ned based_on an
based ieridye S RSGLAES H5s Sfutéey aVGE88F PRESE Gharle

recei Y@ UeScoddl St SINOdIE M d Sdalshiet bat @del BetBemined
average power of the received first signal. As an

illustration, considering that the first signal is x,(0)
wherein 1=0,1,..,M-1, and the second signal is x;(1) wherein

i=0, 1, .., M-1, then the average powers y(0) and y(1l) may be

AN

2
1 —
determined using equation y(n)=———ZM 1x,-(n) ,n=0,...,N-1,

M i=0

respectively. The values of y(0) and y(l) are compared, and
y(n) is reordered to be yi(n), for example, with descending

order. Based on the reordered y;(n), it may be determined

whether the first signal is x,(0) comprises a first

transmission signal s,(0).

In one embodiment, it is determined whether the first
transmission signal is present in the received first signal
based on a comparison of the measure of the average power of
the received first signal with the measure of the average

power of the received second signal.
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equation In one enbodi nent, determ ning whether the
first transm ssion signal is present in the received
wo prsoosdgnal further conprises determ ning a PEERSG2089/000204

of the average power of thdéreceived first signal and

it is determ ned whether the first transm ssion signa

is present in the received first signal based on the

e ] r he -a : r
I o Y PP g e B e rhef
transmiiet &1 on nethrealer age poweentf inheecedwiededifhass Sughaer

A s an ilJustration, considering that.the fir S| I
compr s et o oy FOTY SRS B CuhbEsTa e Ao
of thé Soe (b méwey einird=Bighals. is, rhkkivelenibhe awspageive

. powers y(0) and y(l) may be determ ned using equation
third rgageetFobyrceriid PRRUEE BPT( 6?‘%&&9@%’ Sgéources'
and dSOIPRAL £0hg aNthy (dBch © £ @fldened okomBeeythn}yd §0§nals,

exanple, wWith descending order. Based on the reordered
whethgh (a)respecily behdare trioned LpsdOhe s igRe L L FsPTSFERGI 11

I ) rd. apfiSt S m,SSi I gk - .
I e R i i T T
As an t1BnNS#t 85t Doh Sigralfiirstpreagentl i th@)r enereed first

signal based on a conparison of the neasure of the
i=0, 1 avanapge posveseafnd ke gnedeiived; (1) rshesé gmal=0W 1 h. tMel ,

neasure of the average power of the received second
and tls¢ glal rd ns berea emzadibeent; (2)t Waemetithod =6 ldet ¥rhi nThgre
whet her transm ssion signals are present in recejved,
may bejmpaesreceivrd cemilisses(We8p¥eag 8iér or Nibr eWRRF 741
i gnal s, wherein each

N is Eﬂgnnumber Of subcarriers. For each received signal
x;(n), it may be determined whether a transmission signal s,(n)

is present in the respective received signal. The

determination may be based on the first received signal x,(0),
and further based on the received second signal x;(I). For

example, based on each received signal x;(n) wherein

n=0,1,..,N-1, the average power y(n) may be determined using

2

1 ,n=0,..,N—-1. The values of y(n)

the equation y(n)=ﬁzgl x:(n)

are compared and based on the comparison, y(n) is reordered
into yi(n), i.e. with descending order. For example, if
y(0)>y(1)>.>y(N-1), then yi(n) 1s reordered to be y(0), y(1),.,
y(N-1). In other words, yi{n) is ordered such that
y1(0)>y1(1)>..>y; (N-1) . Based on the order of yi(n), the number
of occupied subcarriers g may be determined. Then the first g
subcarriers with highest transformed average powers in yi(n)
are determined as being occupied. In other words, in this

example, subcarriers n=0,1,..,g-1 are occupied. Thus,
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of the one or nore third signals is received via a
respective third radio resource of one or nore third

w0 adooossesour ces; and determ ning, for each of P€TIBGZIN®000204

or nore third signals, whetlher a respective third

transm ssion signal is present in the received third

signal based on the received first signal. A s an
Ilustration,. the

exansyt R0 RS g SPGndi e ) Z%s‘%o e o

receiyeq, Sﬁgnalgnﬁéﬁ) Qﬂlrd Egsqgle €§$£%éf% 3B§F§%3 s
exampf%{rQe&%E%é%IE{gﬁ%ls . eCé@CFge'n:éMVLﬁ )y the nawrber  of

stubcarriers . each ‘si'gnal X (Ji), it may
compr D€e det £ sthnesh aed pfalax .t ransmi ssion signal st(n) is

present in the respective received signal. The

determi nati on nay be based on the first received

Featuﬁégn@f én]&é%m@ﬁ‘@s faudhanased tor hatkegebyednsecond
signal x (lI) . For exanple, based on each received

signakighath {hyswhetwial magl the second s1g9mRd afefage
erm.n I.n 1 [

proce DY g/éggsnagfg%ﬁi% dHet Lt%ﬁ ¢ Ml hBRequkl efe

second(mjgmab,cmmpamedama&bguua&y @mlHWefCanp&rgsonnaQQQPUﬁéy

ordered into ndi_n I
appll% aﬁ%ieth?frﬁs?%ﬁ %%&|3§Qer 51g ql %et%h ¢1985 ? flgﬁg&
and theosdesed &0ghel y4€Y /o (dhe, .on.e, of (rd‘d—rie) thllrnl otiherls.
mnrds, yi(n) is ordered such that y i (0) >yi(l)
.>yi (N-1) . Based on the order of yi(n), the

In onQquﬁﬁéd%eﬁﬁcu%n@%@M{&ﬁHﬂ ek By héeherni ned.
Then the first g subcarriers with highest transforned

transmyerhge powRnssiACYiRIHSHIte def@AiTEd & IpeilRg further
compr?gggpagglnﬁﬂgO£H5r5¥§gﬁghréle'Fé%ource as unavaillable

for data transmission if it has been determined that the
second transmission signal is present in the received second

signal.

In one embodiment, the method of determining whether
transmission signals are present in received signals further
comprises defining the second radio resource as available for
data transmission if it has been determined that no second

transmission signal is present in the received second signal.

FIG. 4 illustrates a device for determining whether
transmission signals are present in received signals 400
according to one embodiment. The device 300 comprises a first
receiving circuit 401, a second receiving circuit 402, a
first determining circuit 403, and a second determining

circuit 404.
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exanpl e, subcarriers n=0, 1 ,..., g-1 are occupi ed.
Thus, transm ssion signals S (O, S(V) ,..., s (g-V
wa@r@EopoBsent in the received signals x .(Q , XACN3G2009/000204
vy X (g - V), respectively. In this exanple,
received signals x (q) ,xt(g+V) ,..., x (N- V) do
not conprise transm ssion signals. Features of
enbodi ments described in the context of one signal of
the first signal and the second signal, e.g.
In on@rémmﬁ&ﬂmqptsteﬁ&sappmmedetelamegoﬁlth31t|ﬂ@ﬂ gsgnal

, he second si g be anal ogous vali,d for,
confl%ﬁiﬁédﬁhl Eh&ﬁFséd ghetnd e 45t %lve L3Phar

e respec

resouségnal of the fIrSt signal and the second signa
and/ or the one or nore third signals. In one
enbodi ment, the nethod of detern ning whether

In on§ &Bﬁ | S50 SifNalS AL RIesedhyl Bikeaetvedasignal s
er conprlses defining the séecond radi o resource
configsremaiaitelsierd & Bt FdIgAilsFilenai FerPiAagagéen

determ ned that the second transm ssion signal is
resource.

present in the received second signal . In one
enbodi nent, the nethod of deternining mhether

transm ssi on resent, in e i gnal s
In ong prp lTﬁﬂﬁﬂlEﬁ%:%ﬁﬁéﬁ1 e "s&on &r %oqrésggrce
configSrayatd addee foinalatite tieaansnifisisen tirknismibasobeengnal
determ ned that no second transnlsﬁlon S|gp%be S cceived

is preperemn e Hee¢eb@d dd 'Sde SgrsilgRar S oFP

second! bUghiptes a device for determ ning whether
transm ssion signals are present in received signals
400 according to one embodi ment. The device 300

In onSCORELSERe ﬁ%fl{ﬁ% gé%éﬂéydgiéyﬂfﬁﬁnb'%Q¥cu§tsg©qngs

receiving circuit 402
configured to determine whether a second transmission signal

is present in the received second signal based on the

received first signal.

It should be noted that the first receiving circuit 401 and
the second receiving circuit 402 may be implemented using

the same circuit or the same receiver.

In an embodiment, a "circuit" may be understood as any kind
of a logic implementing entity, which may be special purpose
circuitry or a processor executing software stored 1in a
memory, firmware, or any combination thereof. Thus, in an
embodiment, a "circuit" may be a hard-wired logic circuit or
a programmable logic circuit such as a programmable
processor, e.g. a microprocessor (e.g. a Complex Instruction
Set Computer (CISC) processor or a Reduced Instruction Set

Computer (RISC) processor). A Tcircuit" may also be a
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first determning circuit 403, and a second
determning circuit 404.1n one enbodi nent, the first
WO e@eind3ng circuit 401 is configured to recei VRCEHSG2009000204
signal via a first radio rd%ource . In one enbodi nent,
the second receiving circuit 402 is configured to
recei ve a second signal via a second radio resource .

proce?%?coﬁ?FQRQQF@En% fEQ%rE'rs&hgeteéﬂbn'ﬂgn&'r@P'tcé%Ehter

gure etern1ne ther a firs
progrénansig Ssi oo ujreat plsoqnlraatserﬁtlnm & hel rapsl verciinstcode

si gnal based on_the recei con N _on

such  8fh&didrenta Va heS¥ec S e5eter ?ﬁ qmﬁ?%ﬁ?ktihgog of the

respeé%&ﬁé9ﬂﬁﬁ@ti@n§GWEﬂthauwheuherdaseet@@d ﬁnamsnkssdétall
ignal is present in the received second, SI nal bas

below oﬁ‘aﬁ/heajr%?:e]o@ed“ﬂer%st QqQfnaf. At ShoufHc be THot 2ECPH thoe

with 36 fidstad8cLicndisenguit 401 and the second
receiving circuit 402 may be inplenmented using the

sane circuit or the sane receiver. In an enbodi ment, a

In on% Cérfk%%‘c!lt edBY b% %@%%@W%‘%d%l@”}ﬁe&mﬂ ot B8+rbo9hEq

npl'enent1ng entit be speci al purpose
havin@l1qymdggamnrarqmd@©b$@@me@mecMbemglsothﬂapéogrémeﬁs|n

firmare, or conblna f ,
actapt S T o e S VeI P CoNRy She A RATE. o Penod
for déﬁé&ﬁhﬁdﬂgﬂﬂﬁeﬂneﬁiuﬂanymmn@abheshqgaascareuptesanh as

a programrabl e processor, e.g. a mcroprocessor (e.qg.
recelge@oddfA 3 nst ruct i on

In one embodiment, the computer readable medium comprises
code of the program making the processor perform reception of

a first signal via a first radio resource.

In one embodiment, the computer readable medium further
comprises code of the program making the processor perform

reception of a second signal via a second radio resource.

In one embodiment, the computer readable medium further
comprises code of the program making the processor perform
determination of whether a first transmission signal is
present in the received first signal based on the received

second signal.

In one embodiment, the computer readable medium further
comprises code of the program making the processor perform
determination of whether a second transmission signal is
present in the received second signal based on the received

first signal.
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Set Conmputer (Cl SC) processor or a Reduced Instruction
Set Conputer (RISC) processor) . A "circuit" may al so

wheolapeseessor executing software, e.g. any KiPdI/e62009/000204

conmputer program e.g. a c@fputer programusing a
virtual machi ne code such as e.g. Java. Any other kind
of inplenentation of the respective functions which
will be described in nore detail bel ow nay al so be
understood as a "circuit" ,in accordance w.th_ an

In the) fethaf iR eiifddicre FPOPATEAES efbobit FrETR tRoY Snput er
deterh€AUAD! GhOBLEHM #5743 00d dad NHNG 3 R eFarmniegar ded
_thereon, wherein the programis adapted to nake a

receipegdcesgbplofare coatai@tser-f orm a net hod for
det erm ni ng whet her transm ssion signals are present
in received signals. In one enbodi nent, the conputer
In ongeadabdeioreditumagoiner ksesmeddehat tdhelpfagranamlinng
the processor perfarmreception,of.a first signal_via
the tidppRit i d O s SaFCa. IR BRE: BRBbE Hert'e Lrie s ver
In thiteonpohesxt cadablce veedivm bir bhesegoaPs £ SteSarondes sdfort he
0 ran1nakiq9 t he processorsgerforn1repe tion of a

. rog .
Slgnaﬁ%cb%dr%?%h‘é? VAIETZ 1SeUBAG T 50F 02 F 84BRIF ! 47 ok

inforREPOGh NBAtshd he-computey seadabl g1 grsi um fardihehie at
conpri ses code of the program nmaki ng the processor

the reeefvem ey even mefid ore bftoMeet bdrinal fietstctipanswi(@si on
signal _is present in the received first signal based
may bynmpReledcdi vedaEeBndasigRAr. VI A oW MHbdi ment, the

distr SORPULE! teadahlg smedisumbkybhher e orpLh $Sest adm Qfi dnhe
program maki ng the processor perform
@ may be chosen as the identity function, that is, ¢ (£) =

t for any t. Hence, in this case, x:i(n) = x,(n).

As mentioned earlier, the number of occupied subcarrier g
may be determined based on information theory. In the
following, detection of transmission signals in received

signals based on information theory according to one

embodiment is described.

It may be assumed that

%, = [x,0)..x, W-D], (3)
s, = 5,05, W=D, (4)

n, = [0, V=D . (5)

The statistical covariance matrix of the received signal may

be assumed to be
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determ nati on of whether a second transm ssion signa
is present in the received second signal based on the
WO emeiesds fi rst signal.In the foll ow ng, furtheCT/SG2009/000204
enbodi nents of the nmethod @1 determ ning whet her
transm ssion signals are present in received signals
are illustrated. In one scenario, it nmay be assuned
th no information on the transmtted source signa
R. =Elx& hvai | abl® at the receiver. In this context, the
detection of presence of transm ssion signals in
recei ved signals under the assunption that no
It thémfmosyebe oneohf tde dhagnsmi tted source signal is
avaj l able at the receiver may be referred to as blind
R, =Rdegdstion. (B (H may be nodel ed as a random vari abl e
w t h unknown distri bution. Under th's.assy tion, the
Where (Reist G ARG OP Ly Y BELEROS M RS- het | HEhLTa4F oo
signafungtdon, ithatgdntith fbrrixlot E0beanNy it.milense,sddn
this case, Xi(n) = x (gé . As nmentioned earlier, the
that Hyerbernbfobckini et Libdaredwrly Ryt RS Tiofed
occuppéée9u8@a£9%@f§31HéHbéJ“%N%yﬁek%c%ﬁ%nf%Eb%ﬁbﬁgis_
detection of transm ssion signals in received signals
equivhheed bn théodeeedirnt dorbheageoidiofgmegréneRs- This
: empodi pent _i.s_d | bed._.l d-t:h hi._ = h
R & R etk e
is fouomdirtx bé tHhethecei metsigrals meychbéigbsstredotverbere

hen NS
the ogcgpiggysggcg§£i££§g that

In information theory, the minimum description.length (MDL)
and the Akaike information criteria (RIC) (cf. [2]) are two
commonly used methods to find the rank. Both methods need
the eigenvalues of statistical covariance matrix Rx. The
maximum likelihood (ML) estimation for Ry is the sample

covariance matrix defined as

- 1 M-1 R
R(M)=—) xx (8)
JC( ) M ; [ A 4

The major difficulty is the eigenvalue decomposition if N

is large (for example, in powerline communication N = 256).

It is easy to verify that

R, = diag(p(0),..., p(N 1)) (9)
where
pn)=E (!sl.(n)|2) (10)

Hence, the eigenvalues of R, are



Rx = Rs + sh2IN (7) where Rs is the statisti cal
covariance matri x of the source signal, and Jwis
WO deondIsye mat ri x of size V. It may be seen thedT/s$G209/000204
rank of the matrix R equal 22to the nunber of occupi ed
subcarriers. Hence, the detection problemis
equi valent to the detection of the rank of matrix Rs .
This js g, well-studied problemin signal processing.
p(n)+ o} =l ke Dk ehd It o beld , the q subcarriers with
hlghest power are the occupled subcarriers. In
i nformati on theory, the m ninmum description | ength
A sim Ms@f@a‘@f@n%ﬁ kiend Nd Qfd¥Btd1@mR sChist @hled eEAKE) thef .
are two comonly used nethods to find the rank.
SlgnaBopﬂweret hods need the ei genval ues of statistical
covari anc ,m;t rix Rx . The maxi mum |ikelihood (M)
5 Aln 1 ke K. % hs g he panpl e covariyance matrix
(n) = ggfl(n gl aM% 3 j or déllfflculty i's the eigenval ue
deconposition if Nis large (for exanple, in powerline
communi cation N = 256) It is easy to verify that Rs
Basedzdha@ﬁpéoéstimaﬂibh and AMNEKH:BEHQethEh&ank of
_ei genval ues of arep(n) +sh 2 0,1, N (12) A
matrigj hpreYese %’PF“Qn for the eigenvalues i s therefore
the signal power Based on this estinmation and the AIC
or MDL, the rank o f

10 In one embodiment, the method of determining the presence
of transmission signals in received signals based on MDL is
provided as follows. In this context, the method of
determining the presence of transmission signals in
received signals may be also referred to as the

15 subcarrier/channel sensing method. The method may comprise

the following steps.

In the first step, the average received signal power is
1 M- 2
computed: y(n)=ﬁzi=o |xi(n)| ,n=0,..,N-1. Then the sequence y(n)

20 is reordered into yi(n) with descending order.

In the second step, the minimum description length is

computed:
)
Qo n ) (N =P

25 where oa(M) is a function of M satisfying: as M approaches

MDL, =-M log

+a(M)p,p=01,..,N-1 (13)

to infinite, a(M)—> o, a(M)/M —0. For example, a(M) may be
selected to be: a(M)=|_log2(M)—1J.
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matrix Rs may b e found. In one enbodi nent, the
nmet hod of determ ning the presence o f transm ssion

wGegoads9é n recei ved signals based on MDL i s PCDYGLON000204

as follows. In this conteX$, the nethod o f
determining the presence o f transm ssion signals in
received signals may b e also referredt o a s the
subcarri er/channel sensing nmethod. The net hod may
conprise the following steps. In the first step, the
average received signal power i s conputed: y(ri) |

In th%etgtq]léé]estseequgéc%ré/&ﬂgjﬁg LS {gof&%c?d v$ cﬁl yis( I'}:)hé/"' t h.

cending Sr Second step, e m ni mum
descri | ength i S: conp M i s a
S ting Gk | ORF QTP MISHETS YT g e o 35%‘?8“ SR

infinite, a(M) a(l\/p/M >O. For exarrple a(M
may b e selected to be: a(M, g}hg nthe

In thenhfewrih epieRy iétq;rﬁmuoqarsr%&na’lt &ﬂhFS§ Pﬁlﬂ!e
& 0k f Hed Nes 'Bﬂ@ﬁﬂ &f Reeupi-edrgubcarriers. In
are fgﬁ%a%r?{é slt eep t he subcarri ersrvvl trh hi ghest powers
are f ound and deflned as occupled subcarriers. In one

di f r / S LE
SR el e O e e
basedsbﬁpmmh&sa;ymmeadeﬁelﬁﬁeumsgnal povver i S conput ed:
y(n) =- ._x (ra)] ,n=0,..., N- 1 . Then the

sequence y{n) is reordered intoy {n) with descending
In th@r €efst step, the average received signal power is

computed: yOﬂ==j%}SZ;W@Oﬂrﬂz=0r"JV—1. Then the sequence y(n)

is reordered into yi(n) with descending order.

In the second step, the Akaike information criteria is

computed:

HN_I »(n)

AIC =—-Mlog _+2np=QLwN—l (14)
! o (N —P)"?

In the third step, g=argmindlC, is found, which is the
P

estimation for the number of occupied subcarriers.

In the fourth step, the g subcarriers with highest powers

are found and defined as occupied subcarriers.

As mentioned earlier, the number of occupied subcarrier g
may be determined based on successive energy comparison. In

the following, detection of transmission signals in
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In the second step, the Akai ke information criteriais
conputed: In the third step, q argnnAICi s found,

woRi10/003396 the p F estimation for the nunber oOPCT/SG2009/000204

occupi ed subcarriers. In thé fourth step, the g

subcarriers with highest powers are found and defi ned

as occupi ed subcarriers . A s nentioned earlier, the
recei JUANEE (0L1 0CHURL£00 2 URCALEL O1v &I dTRY- P c%%%hﬂs%d

based On successi ve energy conpari so
underfmhbomsagmpdebecth@h o Inﬁnnmﬂtmnnonnstgaatsansmltted
sourc Inrecei edssu%%%_ bas%d +on §%8g655|ve eneray.,

EopaPfson® uhder ssunptlon that n ?n?orna ion on
accorumagttansﬁbtéﬁﬂoﬁnMéme signal is avallabLe at the

receiver is provided according to one enbodinent. In

one enbodi nent, the received signal energy at
In ondl Eﬁ@&@@heﬁebcaﬁél LS P& fd1gtd Y drRarfered Jfifrgarshi)

0, - 1 intoy in) with descending

subcaémérs Fhat fit§st311(o;e@~rqw§d>fron> 1( - 1) . As M

a proaches to |nf|n|te and the nunber of vacant

y(n) = su@ar If

ergles nay have approxi mately the same energy as

I SEPQ stha . 1) @PRIS0 ) -D
That 9g23’02 A&ﬂ%re s&(%ﬁt e %bié%gg%gé¥?ﬁ%? th el%%%%ﬂé%he,
and thbenamaégyo@nvaaanotQ@mcéﬂbwﬁi;&r rRy the kar ger t han

t he energ¥ on these subcarriers, that is, &
subcagrp?;ﬁ FN—R ?a?56§nerg1es may have approx1 ately the

same energy as noise power, that is, approximately

WN=-K)=..=y(N-)=0, (15)
where oﬁ is the noise power. At the same time, the energy

on any other subcarrier may be larger than the energy on

these subcarriers, that is,

The number of vacant subcarriers, K,, is the first number p
such that

»WWN-p)=..=y(N-1), and y»(N-p-1)>y(N-p) (17)

for p from 1 to N. Hence, the problem is to successively
detect if equation (17) 1s satisfied and stop when equation

(17) is satisfied.

However, in practice, M is a limited number, and therefore
equation (17) may not be correct. In one embodiment, some
errors may be allowed and the equality may be recognized
within a certain range when M is not large. In the scenario

when M is not large, two methods for detection of the
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The nunber of vacant subcarriers, Kv r is the first
nunber p such that y i(Np) =... =y N-1), and y N

WO po1opos3e¢ N-p) (17) for p from1l to AJ. Hence, P€T8G2009/000204

problemis to successively28etect if equation (17) is
satisfied and stop when equation (17) is satisfied.
However, in practice, Mis a limted nunber, and
t her ef ore .equat i.0 r 0
rumoe 00 SO SO S L DB B oDRaE b s

one emﬁn&ﬂmdnmrﬁn/ﬂuinum@@gnlzed within a certain range when
Mis not large. In the scenario when Mis not |arge,
two net hods for detection of thenunber of occupied

In ondUbRsSdigdis: ArL ritovwdded aceeedksnget RagnRuRnboedi ment
as followed. In one enbodi nent, a nethod of successive

minimymy| HOM 18 R H AIMiESMERodef8et MANPY GSBRTITRE AEFRSd

as folPWpsises steps as follows . In the first step, the
average received signal power is conputed: y () . Then
the sequence of y(n) is reordered intoy c(n) with

In the endlq%a qﬁg Eg%% %%%gq9e3t§§%&%9r werIZs ’

en Kv = ¢

- and thq 2|s sto Clher se, the testin
Compuﬁ%dcoﬁ@@nu | L’i— mﬁ@ g g SRR ST m% j geguence 5N
predetern1ned threshold In the third step, the Kv
v(n) subcesrdersd vinte [saest wpohedss agedinunerdgi- def i ned
as vacant subcarriers . |In another enbodi nent, a
met hod of successive arithnetic to
In the second step, for g =1, 2, .. N, if

»WN=q)/ y(N-1)>¥gn » then K, = g - 1 and the testing is
stopped. Otherwise, the testing is continued for g + 1,

where ¥ga> 1 1s a predetermined threshold.

In the third step, the K, subcarriers with lowest powers

are found and defined as vacant subcarriers.

In another embodiment, a method of successive arithmetic to
geometric mean (SAGM) detection is provided. The method

comprises steps as described as follows.

In the first step, the average received signal power is

an=mﬂNFl.

1 -
computed: 3&n)=BZ§:Z;

Then the sequence of y(n) i1s reordered into y;(n) with

descending order.
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geonetric nean (SAGV) detection is provided. The
met hod conprises steps as described as follows. In the
wo 2018p0BsPEep, the average received signal powerPCESG2009/000204

conputed: =0,...,NI. Thenéthe sequence of y(n) is
reordered into y {n) wi th descending order.In the
second step for q=1, 2, ... r N, if > SAGM'

he testi,ng i 5,5t opped. O herw se,
In th?ef?cond- é%n??ﬁ%e ng §+17, Aﬁhe?g YSLGM > 1 is a

. pred;iegn1ned threshol d. I'n the third step, the Kv

_zyl(g,\pbg Qv wifh bomest, power x.areqt-ouatddande deésnety
t subc rrlers I'n one enbodi nent, a net hod of
determ ni ng the presence of transm ssion signals in

is stowpedvedtkegnbse, Hedd ron @n@pglylwuﬁﬁl &PHi Auf, where

S bcarrlers d tectlo nde assunption that no
Kﬂm4>i#f%?nat$on gef%ln?r£#§nf¥i gﬁsource signal is

avai |l abl e at the receiver is provided. Energy
detection (ED) may be seen as a fundanental nethod for
In theeplsirg gedp, [B)9 & PrbRayrberai vekh| yoused poyers

are fé\g?c?:azﬁcﬁ?%erf Qg‘égags \Fagé'?%D'sucha%El%rEhreSh0| d g may be

_ ubcarrier n’is occupied;
ot herw se, subcarrler n is not occupied, where sl is

i onf BRI BPIEL n DUV Sle SIS IRL SR TELRER 87

e nol se po I haccura
transﬁ§§$ﬂ@ﬂl@ﬂg@iléhfnrmﬂdﬁiwymmalqmmlsl@adeUOOn energy
si gnal -t 0o- noi se ratug (SNR)
with minimum subcarriers detection under the assumption
that no information on the transmitted source signal is

available at the receiver is provided.

Energy detection (ED) may be seen as a fundamental method
for sensing (cf. [3]). It may be directly used for

subcarrier sensing. For ED, first a threshold y may be set.

If )(n)>7bﬁ, subcarrier n is occupied; otherwise,

subcarrier n is not occupied, where oﬁ is the noise power.

However, energy detection relies on the knowledge of
accurate noise power, and inaccurate estimation of the
noise power may lead to signal-to-noise ratio (SNR) wall
and high probability of false alarm. That is, energy
detection is vulnerable to the noise uncertainfy. To solve
this problem, the method of energy with the minimum
subcarrier (EMS) detection is provided. The detection of
transmission signals in received signals is based on the

ratio of the subcarrier energy to the minimum subcarrier
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and high probability of false alarm That is, energy
detection is vulnerable to the noise uncertainty. To
W@ 01980336 s problem the nethod of energy w t hP€18G2009/000204

m ni mum subcarrier (EMS) défection is provided. The

detection of transm ssion signals in received signals

is based on the ratio of the subcarrier energy to the

m ni gum su i er d 0 e t he
eneroy P adi0) B bE nol T AEhd T3 e povertand tay be
relatpdetconpliedonce drod rdyt \bd pmneemhddidremtce thoe all.

nmet hod of energy with the m ni mum subcarriers (EMS)

detection conprises steps as follows. In the first
In on8t 8RvodNEe@Verage ey est Ir@ialy pawer the aompuued: Y

() . Then the sequence o f y{n) is reordered_into
subcayr{ a¥s wi BhS Hede el HeP AL SHEPSe@Snd &S -t he

aver age signal power of d mninmmsubcarriers w = -

,YV(N-g) is conputed, where d is a preassigned nunber.
In thenfihsttsten, stlep, averiresinsied gEVS liggadeowelr yEri) >

gms(o , subcarrier n is occupied. Oherw se,
compuSd8¢ap(A)er—n I%:hﬁhﬂbﬂ&upLﬂdrlwhEhenntheOsbquence NE

I n anot herMtCenario, it may be assuned the transnitted

y(n) $9ULES-gLORE %ﬁﬁopﬂﬁ)/mime%c\@ﬂd‘iﬁgj $odgagwn at the

recerver. In IS tontext, the detection of the
presence of transm ssion signals in received signals

orésence of ra b
T e L

pi | ot/ prea based supcarrier/channel sensin
subcarriers a)=;; qﬂy&Aﬁ—q) 1s computed, where d 1is pre-

assigned number.

In the third step, a threshold yg, is set. If y(n)>yp@,

subcarrier n is occupied. Otherwise, subcarrier n is not

occupied, where n =0, I, .., N-1.

In another scenario, it may be assumed the transmitted
source signal is pilot/preamble which is known at the
receiver. In this context, the detection of the presence of
transmission signals in received signals when the
transmitted source signal is pilot/preamble which is known
at the receiver may be referred to as pilot/preamble based

subcarrier/channel sensing.

si{n) may be written as

s,(n) = H(n)si(n)yn =01, N-13i=0],., M -1 (18)
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s{n) may be witten as s (n) = H(n)si(n),n =0,1,...
N-l;z=0,1,-, MI (18)where s () I s the transmtted
w@eionppreanbl e which i s known a t the recei vVRCT/SG@E9/000204

H(n) i s the frequency dom@8n channel response. If a
subcarrier ni s not used, n o signal i s transmtted
on the subcarrier. It nmay b e assuned that the
pilot/preanble $ (ri) has constant nodul us for

where di;{f)leienthsubeanshetsed thalot Aordanbfd xéd dh ,isS Kinahin]
i s constant for aII n . In _one enbodinment, it my b e

at thédeﬁ%@dvetlhataqg H(n) (@ fhe éIFZP)?BEY-d@)nPln Cha{welr

respols: ]?T Mda (49, HengenoiknytbkS seenarher the

rans ornw%unctlon f for subcarrler/channel ni s
transmchoseh en sthe fanrctirer esuch tt hay be(a)ssame@, Ehgh) ther

any t . For any subcarrier n, H:X1(H =hXn) sXn),
pllotké$éamﬁié.%@QThhsFﬁ&hétéﬂ@)md&ﬁ@ﬁsEﬁﬁﬁ diXiferdror
notation sinplicity, i t may be deflned that )= ,in)
: =H( ) 2 )
Subca?ﬁ%ﬂ?caﬁ%ﬁ dist rqoﬁu{})eld‘%%w& sﬁh ”3‘ C)O&Stté‘% ﬁflogt iC
wi th constant nodulus, hXri) is also identically
all ndistributed.|In one enbodi nent, a nmethod of

Pi | ot/ preanbl e based subcarri er/channel sensing based
on information theory is provided.

In one embodiment, it may be defined that

xi(m)=x,(n)s,(n),n=0L..,N-1Li=0]1,..,M-1 (19)
Hence, in this scenario, the transform function ¢ for

subcarrier/channel n is chosen as a function such that

¢0)=t;An) for any t.

For any subcarrier n,

H,:x:(m)=n,ms, (),  (20)
2

H, : x:(n) = H)|s: (n) 1, ()5, (1) (21)

For notation simplicity, it may be defined that
2

P =7, (), 55n) = HOn)s, ()

(22)

~%

Since #,(n) is identically distributed and s,(n) is

A
deterministic with constant modulus, n,(n) is also

identically distributed.



10

15

20

25

Based on sim |l ar derivations as described in relation
to blind detection earlier, sensing nethods are
w@eavioeisds based on i nformation theory as fol | oR&T/SG2009/000204
may be defined that Then y2¢) is reordered into yx(n)
vvith descending order, that is, y (0) yi1() ... vy (N
I n one enbodi nent, a nethod of Pilot/preanble

in ong %%gifé’née%&r%'c&%%?r%‘% on 1 B DL UL deschLpLion | ength

IS provi he nethod conprises steps as
subcafoldoishadmel heerfdimst bsisep, ohhénfecmhavédnstiyaatyi &s

) EF{éched wWth the L ~* pilot/preanble to get Xi()- X
prOVlCEm S (H . In the second step, the average transfornmed
signal power L Ly () is conputed and the sequence of

y () is reordered into Ly () wth descending order.
Basedop thnt kAT YT SR e ﬁ’isnfj%ﬁﬁf:&g§9r Bt FﬁﬁaFgﬂﬁt hCi s
bllndc&%%%%fﬁkﬂwgﬁfiﬁgﬂ séiéiﬁ%uﬁ%EhQHSOEr%a k8t YHBE Hade§

M approaches t o infinite, a(M , a(MIM-0. For

on 1né&an@teonai(mom3ﬁsoef0§éiowts o be : a(M =|_log2(M - Ij
| nthe fourth step, = argnmMDL i s found, which i s
the p estimation for the nunber of occupied
It magubeadefonsd dhetthe fifth step, the q subcarriers with
h|ngst power s

() = Zx(n)’ n=0,.,N-1 (23)

Then yp(n) is reordered into y;(n) with descending order,
N A A
that is, O z2y,®O=z.2y,N-1).
In one embodiment, a method of Pilot/preamble subcarrier

sensing based on minimum description length (PSMDL) is

provided. The method comprises steps as follows.

In the first step, the received signal is matched with the

pilot/preamble to get xi(n)=x(n)s,(n).

In the second step, the average transformed signal power

A A . i

y(n) is computed and the sequence of y(n) 1s reordered into
N

y,(n) with descending order.

In the third step, the minimum description length is

computed:
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are found and defined as occupi ed subcarriers . In

anot her enbodi nent, a nethod of Pil ot/ preanble
wa@aioanper sensi ng based on Akai ke i nf ormati oPCT/SG2009/000204

criteria (PSAIC) is provideétl. The nethod may conprise

steps as follows. In the first step, the received

signal is matched with the pilot/preanble to get . L

In the second step, t he average transforned signa

power y () T ygnponputed and the sequence of y () is
Aﬂﬂ%;femﬂbg#ed—+£1@—y—é§—m+%hwﬂééQ@qd#ﬁg QNdet. |H2¢8he

third p (ﬂﬁ]%K&PKéPlnfornatlon criteriais

conpute é %25) In the fourth step, q = argrain

where A&GM hs Boﬁﬁgct%hcbﬂﬁ 55‘&@5}1@ |0 1 Ipgd e dng¥oer
nthe fitt

occupled subcarriers. | h step, the g
to 1nﬁﬁﬁﬁﬂﬁ;|&@%)w»&hcﬁ]@h@UPeﬁmeos axanp bandatM] defyi hed
as occupi ed subcarri I n one enbodi nent, et hods
set td dre:det(@é) FhlogeMi sn1SS|on signals in recei ved
signal s based on successive energy conpari son under
the assunption that the transmtted source signal is

In thé’ié&lﬂ %aé”gﬂ PMiafmin PO af_tod'rmﬂ LeGRINars ahe

In one enbodi ment, simlar to the derivation

estlmiﬁgdes rl e dhdﬁ%éﬂﬁ@%cEBpQEa”9u885§EEéQQ.eaf"ef, a

In the fifth step, the g subcarriers with highest powers

are found and defined as occupied subcarriers.

In another embodiment, a method of Pilot/preamble
subcarrier sensing based on Akaike information criteria
(PSAIC) is provided. The method may comprise steps as

follows.

In the first step, the received signal is matched with the

pilot/preamble to get x:(nm)=ux,(n)s,(n) .

In the second step, the average transformed signal power y(n)
A A
is computed and the sequence of y(n) is reordered into y(n)

with descending order.

In the third step, the Akaike information criteria is

computed:
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Pil ot /preanbl e based successive maxi rumto m ni mum
(PSMVM) detection is provided. The nethod may conpri se

w0 baofaishowi ng steps. In the first step, the rECESGBEI000204

signal is matched with the3pilot/preanble to get . In
t he second step, the average transfornmed signal power
LLY () is conmputed and the sequence of y () is
reordered into,L y () with descending order.In the
third stepr’_‘dg;](@;F 1, 2,... ifLLYN-qly (N )>
AIC, =9RBMY- e +Php tedtlind +5 stopped.
O her wiss®, g/ (wvespy)fg i s continued for g+, where
7PSMM 5~T?1s a predetermi ned threshold. In the fourth
step, the Kv subcarriers with | owest powers are found
and defined as vacant subcarriers. |n another
In thenboditterstera nethamiofAl, | b5/ ppeadnl ehstle cbsstie
arithmetic to geonet i c mean (PSAGV) detection is
estimProm detk thhe nmtdead cfonercupesdt kebtekkdwkrag steps. In
the first step, the received signal is matched with
the L ~* pilot/preanble t o get x {n) = xi )si() . In
In théthilsLe&%];ﬁt athe theuderagerkr anshonagdesigpakepswer

are found and defined as occupied subcarriers.

In one embodiment, methods for detection of transmission
signals in received signals based on successive energy
comparison under the assumption that the transmitted source
signal is pilot/preamble which is known at the recelver are

provided.

In one embodiment, similar to the derivation as described
in relation to blind detection earlier, a method
Pilot/preamble based successive maximum to minimum (PSMM)
detection is provided. The method may comprise the

following steps.

In the first step, the received signal is matched with the

pilot/preamble to get xi(n)=x,(n)s,(n) .

In the second step, the average transformed signal power
A A
y(n) is computed and the sequence of y(n) is reordered into

y,(n) with descending order.
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y () is conmputed and the sequence of y () is reordered
into Ly {n) with descending order. In the third step,
wWoer10go339dl , 2 , ..., N if >gPSAGM, then Kv =PQF3Gz0e/000204
the testing is stopped. (xB2rwi se, the testing is
conti nued for q+1, where gPSAGM > 1 is a predeterm ned
threshold. In the fourth step, the Kv subcarriers with
0 p S Qu d ¢efii;ned as vacant
o théu£§§%?i§¥§£{|€§%ﬁ% eggbgﬂﬁeﬁt} a nmethod of detection
A of presence of transm ssion signals based on energy
yl(N‘\ﬂNh(MTeUﬁmeum aﬁ"r!"eg—in. $ 1?1?1% B3y i bn t hat
stopphfl®, BEADSAILL LA ROULE SIONA doh il REaTRhe kGl
rs"known at the receiver 1s provided. In -one

¥ rape EMDAG REBredbBernehbedtHByskompri se the fol | ow ng
steps. Inthe first step, the average received signha
power is conputed : . Then the sequence of Ly () is

regrdered_jnto yx(n i di g, o I
o enfSRENETEIALILD AT, W A0asegearl 00001 BRLo ) Bobls, |
are fbusdbegadriersnyd s YHddt puybdaxr rdamput ed, where d is
a preassi gned nunber. For exanple, the nunber d may b
e chosen as the nunber of subcarriers in the guard

In an%@ﬁgroémbbéiﬁgﬂﬁdSyﬁ@@&ﬁodﬂoﬁiFﬂﬂdtﬂ@idﬂmmi%n as 1 . L
successive arithmetic to geometric mean (PSAGM) detection

is provided. The method comprises the following steps.

In the first step, the received signal is matched with the

pilot/preamble to get xi(n)=ux/(n)s,(n).

In the second step, the average transformed signal power

;Oﬂ is computed and the sequence of y(n) is reordered into

»,(n) with descending order.

In the third step, for g =1, 2, ..,N, if

/g
g A 9 A
—I—Zyl(N—j)/[Hyl(N—l)j > ¥psacy + then K, = g-1 and the
q =1 =

testing is stopped. Otherwise, the testing is continued for

gt+l, where ¥pye,> 1 is a predetermined threshold.

In the fourth step, the K, subcarriers with lowest powers

are found and defined as vacant subcarriers.
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In the third step, a threshold gPEMS is set. If y(n)>
gPEMS w , subcarrier n is occupied. O herw se,

wG@eeboaeder n i s not occupi ed, where n = 0 1,.PCT/852009/000204

Si mul ati ons have been carriddd out in order to test the
performance of the method described herein. The
simJIation settings are as follows. 1) N = 256; 2 )

In On?h %%{*Jen thg%ﬁ ?n(%%%mduﬁézfieq%{ ;blﬂg%meglc)%%ﬁ%

transmegeimer si@n;symmm zed evweruy hel thr aﬂmmitreim@rre
[raneters u in the sinul.ati as
SubcaFBjr?BV\BndeJiS fet THUPRE BT HIG G ch}bﬁ]erreanl St e hunber
sourc®f s1i§041 ecd ﬂi&ﬁ&%ﬁﬁﬁhMEﬁﬂ<WHicﬁxa%tMﬁomheaacthal rank)
detections, and r_is the total nunber of d tgctlons
receiyephn PROVHICES ZD Qer @I e Heart 6t “lfet?’é’ &FY ank,
Bd snkSsiiepetyales@pnk; 3 ) Variance: standard
Comprgew at!leon ofothe&det elcg:l%]ed rank for 200 sinul ati ons.
For the energy with the m ni num subcarriers (EMS)

In thg f %1r§% dds chosenta 5 {%ﬁaé?@ﬁy %kg&nar% set

on n se onl'y ca esi's HQ for all

mathods 14 | atd on for_ blind mathodslnthe
computeditom(na én)lt,aﬂdb -2 -~ IRafé6R1 Fhgenenateds of
channel s ased on the thresholds, the

N perf or rrances
y(n) is reordered into y&n) with descending order.

In the second step, the average signal power of d minimum
subcarriers w=r%§:iﬂyﬁﬁf—q) is computed, where d is a pre-

assigned number. For example, the number d may be chosen as
the number of subcarriers in the guard band of the OFDM

symbols or simply be chosen as 1.

A A
In the third step, a threshold ypgs is set. If y(n)> Vs @

subcarrier n is occupied. Otherwise, subcarrier n is not

occupied, where n = 0, 1,..,N-1.

Simulations have been carried out in order to test the
performance of the method described herein. The simulation
settings are as follows.

1) N = 256;

2) CP length is 172;

3) Channel length is not larger than CP length.

4) QPSK modulated signal;

5) The receiver is synchronized with the transmitter.
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of the nmethods when no subcarrier is occupied are
first tested. At no signal case, the SVMDL, SAIC, ED
WEDRDME3IED Wit h 1 dB noi se uncertainty) EMS, Sh&A/86Gz)09/000204

SAGM have detected the rank4(average on 200 tests) as
12.43, 5.95, 4.48, 10.28, 5.80, 4.49 and 4. 65,
respectively, and have variance as 4.15, 2.62, 2.15,
12.25,12.58, 10.22 and 16.39, respectively. FIGs. 5 to
13 illustrate detection performances when sone

Some mammertrdey Sis@Ece iocthpi edmuFhG oBs | dteigiafitnesl as

£ llOmsasurements of paraneters of match rate, nean rati o,

©LLOWHd variance using blind detection methods of SMDL

1) MafSwbeaddi ef, /senshage based anennnimbum desesipsdion
l ength) , SAIC (subcarrier _sensing based gn

(Gete et KETH orimftiabT 18T 0BT PAFI . B {Bhatahe Tetdsti GRf 7

is th@nto&D B Haneoyedetectbhen Wi th 1dB noise)
respectively, qis set to be 64, where g represents

2) Meamerdubersigf: ovBapE eth SiScdCAPers. dFFerted | Fanst raftdes

: syurement,s gf. parameters of match rate, mean ratio,
S 18 gﬁ% %%rlancerhéing bl i nd detection nethods of SMDL,

3) VaSihiGe E0;tamthEDdegBatiespett thel getertiad srank Fay €00

. 192. FIG 7 illustrates nmeasurenents of paraneters of
simulabt®rate, mean ratio, and variance using blind
detecti on nmethods of SMDL, SAIC, ED, and ED-1dB,

respectively, is set to be 256..FIG [ lLustrates
For tieott St oMo N RS SOPREF LR T ol B TRt | &
is ch@8&h ves i snce, usingnbleisndidet eeti oot et hetisorofnSMaL,

SAI C, ED, and EMS (ene&g wi th m ni mum subcarriers

only gesectieffr hMexpdasivelly) T 2kettatdBe-32. FIG 9

illustrates neasurenents of paranmeters of match rate,

1. Simulation for blind methods

In the following, M is set to be 20. Randomly generated
channels are used. Based on the thresholds, the performances
of the methods when no subcarrier is occupied are first
tested. At no signal case, the SMDL, SAIC, ED, ED-1dB (ED
with 1dB noise uncertainty) EMS, SMM and SAGM have detected
the rank (average on 200 tests) as 12.43, 5.95, 4.48, 10.28,
5.80, 4.49 and 4.65, respectively, and have variance as 4.15,

2.62, 2.15, 12.25,12.58, 10.22 and 16.39, respectively.

FIGs. 5 to 13 illustrate detection performances when some

subcarriers are occupied.

FIG. 5 illustrates measurements of parameters of match rate,
mean ratio, and variance using blind detection methods of
SMDL (subcarrier sensing based on minimum description

length), SAIC (subcarrier sensing based on Akaike
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mean rati o, and variance using blind detection nethods

of SMDL, SAIC, ED, and EMS, respectively, g is set to
wWheo1dB&39¢1 G 10 il lustrates neasurenments of pRCHSEE2089/800204

of match rate, nean ratio, 3&nd vari ance using blind

detecti on nmethods of SMDL, SAIC, ED, and EM5,

respectively, qis set to be 224. FIG 11 illustrates

inforlERASYAERBNL S Pf) PaAHRNRLRH yOHeHBEEboﬂﬁteanﬁ“ﬁﬂLf&g'O
and vari ance u3|ng bllnd etection methods of SNVDL,

(enerSpl G2t SMM OB UetEs sidke neaseminteePr et i viedhy deg em i) to
angdy successive ari c .to
be 64dew €|oﬂ)repr%%?%&:n@%I§?%E%ESO§e?8§§$$§é u%%%gk%ﬁfs

illustrates measurements of parameters of nmatch rate,
and variance usi_ng blind detection net ods

FIG. B EBhRet Qe S Rag it A LA D BaEReT S et Mot el

mean £8th8, 1284 ¥AS adsk iddiwgt bates HRBSUE EERNEStIds of
araneters of match rate, nean ratio, and vari ance

SMDL,u§M§ bEPnde et Bt ih mecheasivelenl, ISt e did -

SAGM respectively g is set to be 224. Sinul ations
show that SAIC, SMM SMDL and EMS are the best anong
FIG. ¥halproposeds medmdsnepdswiofhraxavetens sef govweeh rate,

mean BSEESrngng féri églu gh ginﬁkgﬁ@¥g£i H“E%Eﬁ&&ge%fs

noI'se’ uncertarnty in pr ical” app T cat i ons,

SMDL, peRf Oy nBDceand HD Ideygr adepeditamaliycayl s det flacthe EDG6.
with 1dB noise uncertainty is the worst anong all the
met hods. 2 . Simulation for pilot/preanbl e based

FIG. Beihodstbhtss chosandnente 6. pdbhenptensbbe wdgnal swi,e
BPSK nodul at ed, When no subcarrier is, occupied, the

mean pajbp; PEAI T POMA alid ESRENPAaTET ARt ek gBF tHAT ik
sMpL, ( 8¥eEa9RDON RO ESteHergy with minimum subcarriers

detection), respectively. g is set to be 32.

FIG. 9 illustrates measurements of parameters of match rate,
mean ratio, and variance using blind detection methods of

SMDL, SAIC, ED, and EMS, respectively. g is set to be 128.

FIG. 10 illustrates measurements of parameters of match rate,
mean ratio, and variance using blind detection methods of

SMDL, SAIC, ED, and EMS, respectively. g is set to be 224.

FIG. 11 illustrates measurements of parameters of match rate,
mean ratio, and variance using blind detection methods of
SMDL, SAIC, SMM (successive maximum to minimum detection),
and SAGM (successive arithmetic to geometric mean detection),

respectively. g is set to be 32.
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as 20.97, 5.59, 5.43 and 6.55, respectively, and have

variance as 5.39, 2.66, 12.99 and 26.54, respectively.
wao-prsogs3v@andom y generated channel s are used. FTEBG2049/000204

illustrates detection perf@snmance when sone

subcarriers are occupi ed. Measurenents of paraneters

of match rate, nean ratio, and variance using

. bl oif ghegt benpaeLiods, of te,

Fc. B PLIBLEEIPS MARSRehes! berolEkiofey 0o Men rate

mean retpectanelyariprice setingobbéend28etSetbon | nygtisidaled ed
p [i chan ct. [4]): used, _FI 15

SMDL’iggﬁétra es %%%3%?%@eﬁF§ES¥%62%§Xét%r%so g%a(%ﬁm?a%g'
mean rati o, and variance using pilot/preanble

seddet ecti on net hods of PS ., PSAlI C, PS and
FIG. DA F EEHEat MRS L Sl O S BRo S EBBAF i 61 &k Mafth rate,
mean 26€UH| €8nd dvdSistle tRiRg B4indFhGtedfibh | MStidLor
nmeasurenents of paraneters of nmatch rate, nean rati o,

SMDL, aRHIGar PMAceaidi HeFthi FEEPEEEANBIE - based Rt e i 224 -
met hods of PSMDL, PSAIC, PSMM and PSAGM
respectively, when sonme subcarriers are occupied, q is
Simulgeions beod 28hatSiIAHTICar Stis e FYALI and FMP di¢ ncherdidsdds

amongAEGe CBFLES e ] A A/ RreaTble hased, et hads, The
det'&cki o per for mance for "power i ne channel 1S worse
perfokhanbéhat ifi 04l Y andorddys .geberated vhanneherdhis risise

because, powerl i ne channel is nore likely to cr e
uncer LRty SR e AU FRPL L cabroRRr PRE R o P
degradetegtedat 2okl (nWunherfaef , 0eoupied sURCAGISErS)

approaches to the actual rank for npst cases at
uncertainty is the worst among all the methods.

2. Simulation for pilot/preamble based methods

M is chosen to be 10. The preamble signals are BPSK
modulated. When no subcarrier is occupied, the PSMDL, PSAIC,
PSMM and PSAGM have detected the rank (average on 200 tests)
as 20.97, 5.59, 5.43 and 6.55, respectively, and have
variance as 5.39, 2.66, 12.99 and 26.54, respectively.

First, randomly generated channels are used. FIG. 14
illustrates detection performance when some subcarriers are
occupied. Measurements of parameters of match rate, mean
ratio, and variance using pilot/preamble based detection
methods of PSMDIL, PSAIC, PSMM, and PSAGM are shown in FIG.
14 respectively. g is set to be 128.

Secondly, simulated powerline channels (cf. [4]) are used.
FIG. 15 illustrates measurements of parameters of match rate,

mean ratio, and variance using pilot/preamble based
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SNR hi gher than 15 dB. The detected rank usually is
not exactly the sane as the actual rank. Sone

WEoEDAEI3ECessi ng may be used to finally deter mP@ESGH®/000204

occupi ed subcarriers. The pbst-processi ng may be
| ooking at the | ocations of the subcarriers. Deep
fadi ng for some subcarriers may cause w ong

cocac BRGS0 LD AURRRY e, el 1ot oL

respedﬂﬁ%@i@ﬁewhentB@m@ogauééﬁrﬂéﬁg)aﬁa/ddmmbu@a agpiecessor
1701. In one enbodi nent, the conputer 1700 may further

to be &hprise a nenory 1702. In one enbodi ment, the
computer 1700 nay further conprise input - 1703 for
receivinga first signal and a second signal or a

FIG. & adslmrtrr@aefsu m@ﬂsgrgrﬁ%ﬂt%rﬂjf Pagegededened getehdrate,

mean %a éﬁ"ﬂ and v%@gaﬁggogé 1f5¥2§¥€?ﬂﬂfg'b% QQ may

er conprise a co catl evice input 1704. In
detectmum.antmmmdmenf PeMBLeoPPAR@r FISMMQ ey RBAGHer conpri se
1705. I n_one_enbodi nent, the .CO s
resPe?ﬁﬁY? Wt e SRBF|§SE%?% ode” T eadi rﬁfﬁu?ﬁs %%ﬁ O}ZQ
to be resgi ng code from anot her conputer readabl e medi um
For exanple, all the conponent of the conputer 17 00
are connected with each other through a conputer bus

similad Ghsdrivanengnkedi fenhd hdendmimide ekt Jmy thave a
program recorded thereon, wherein the pr%gran1|s

plloténﬁﬁﬂmhiq(@ﬂﬂﬂ@em&tbpééengﬁ AT AT SIGHTR THEPREdTPEr
powerfjl% rd'ﬂamr(ég \é}i{lgghdlaa?fset Eﬁgﬁnﬁﬁﬂ O S 1 YR S 1&f %eﬂ%%ﬁ%@&

I'n" recelve e menory 1702 conpr|S|n% code
channef. tTﬁaqnxgybmmam§h|pgwehblne channel is more likely to

create deep fading subcarriers.

For all the methods, the detected rank (number of occupied
subcarriers) approaches to the actual rank for most cases at
SNR higher than 15 dB. The detected rank usually is not
exactly the same as the actual rank. Some post-processing
may be used to finally determine the occupied subcarriers.
The post-processing may be looking at the locations of the
subcarriers. Deep fading for some subcarriers may cause

wrong classification of the subcarriers.

FIG. 17 illustrates a computer 1700 according to one

embodiment.

In one embodiment, the computer 1700 may include a
processor 1701. In one embodiment, the computer 1700 may
further comprise a memory 1702. In one embodiment, the

computer 1700 may further comprise input 1703 for receiving
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processor 1701 performreception of a first signal via
a first radio resource; code of the program making the
Weeraossses 1701 performreception of a second BCGRGL009/000204
via a second radio resourcé$ code of the program
maki ng the processor 1701 perform determ nati on of
whet her a first transnission signal is present in the
receive t. Si opn..t he e
2 irqf aignel, o o 39000 38R Ory BakFRESTHERICEREL:
51gnaﬂZQijpﬁﬁimﬁdnﬂbﬂmadﬂs@@bmdnsm@nametheroaesembndiment,
transn1s signal is present in_the received second
the cyiRyHA e TRECe COBRTHPPsE SPPRAFCFhiBhe
demc@'ﬁ}&ﬂimnﬁm t he, prRcesseHihéat, r endscbhpupe ogI 0D Onay
the nenory 17 02 to perforn1the progr am, of detern1n|ng
furthewer it iaris Aisfley di'§Ral SPaPBSpPBRRALMPALr eEBFved

compuééﬁriﬂéqlﬂégnyﬁf¥ﬁgyndgﬁyf&skh§ 959§e§§981330én9@t@70§

he communi cation device, i.e. a threshold
for rsamm@mcg%Wcam@n@sA@M tcl@tn@u@ﬁrc@ﬁﬂrdﬁbéat neAlidgeyi Eer
put | n_one n r de may be
exampi%td? qg% %ﬁ%RQ%ﬁp conpu Eb gg ng Fh%? not d

conne@f@ﬂwwlthIdhdHudth&ﬁuthﬂdmghpaocemgute17bmsn&?OWead t he
codes fromthe other conputer readable mediumthrough
code reading unit 17 06, and performthe nethod for

In on&edR5sA Nt Wheldeferid3nNamoss i@y sbgaabspabgrpmesent
in received signals as described herein. Wi

recorfied et P hasVIFRA hara QRCSERY dFoRARRES dégc?‘?ggda
proce%é f%faﬁfffotfrﬁ) SReAHJC ebedi-aeht 8inyt wabBedkd be

erst oo hose skilled in the art that various
transm1551on s1gnals are present in received signals, the

memory 1702 comprising code of the program making the
processor 1701 perform reception of a first signal via a
first radio resource; code of the program making the
processor 1701 perform reception of a second signal via a
second radio resource; code of the program making the
processor 1701 perform determination of whether a first
transmission signal is present in the received first signal
based on the received second signal; and code of the program
making the processor 1701 perform determination of whether a
second transmission signal is present in the received second

signal based on the received first signal.

In one embodiment, the processer 1701 reads the program on
the memory 1702 to perform the program of determining whether

transmission signals are present in received signals.
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changes in formand detail may be nmade therein w thout

departing fromthe scope of the invention as defined
whygotiessappended cl ai ms. The scope of the i nvePtT/66200%/000204

thus indicated by the apperstled claims and all changes

whi ch cone within the neaning and range of equival ency

of the clainms are therefore intended to be enbraced.

o ond LRORTERL LheA0LLoN S SOPUTER! Sa(e £l

commurPQ NG 2Fikanoyaki ve %hE@EEQYdeucﬁhﬁsephancﬁﬂﬁnt of
spectrumefficiency,"” |EEE Radio Cbnnunlcatlons pp.

¥ psacut 1 %h§%ﬂgh“@5ﬁﬁu399§tl&g]dé&lcéMﬁhéﬂﬂjIﬁ04 Kai |l at h,

"Detection of signals by information theoretic
criteria," | EEE Trans Acoust. r Speech, Signa

Processin Y 387- 392 3 A
in On%kﬁﬁﬁﬂﬁhﬂﬁﬁtn gh& @ro aE]&ﬁ%ﬁn Rgglgﬁ% ??% d%?ectlon
anothd¥ M%S%@U@Mesn@@am | nbtnshsenof oncentai caye,
power , | EEE Trans . On Aeraspa %e and El ectronic

the plsg@qw /91 maygregg thg cgges EITGBBS 2899T . | [ 4]
computerfﬁﬁqgéﬁfgqmeﬁld% HhsShighckang. randify nidulake,

ng power |ines as high-speed connunlcatlon
and peheeme|the H@It@m%lfoéhélﬁﬁ@tr@#ﬁéaﬂl BhehREr atfe3EmERBRTRI

: nsenbl nt, t tion
51gna§® e esant %E;y%déyyég %Q%EQQE,Q%OgggH%Fg%ﬁB What
hereins clained is: 1 . A met hod for determ ni ng whet her

transm ssion signals are present in received signals,
t he nmet hod conpri sing:

While the invention has been particularly shown and
described with reference to specific embodiments, it should
be understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the scope of the invention as defined by the
appended claims. The scope of the invention is thus
indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims

are therefore intended to be embraced.
In this document, the following documents are cited:

[1] T. A. Weiss and F. K. Jondral, “Spectrum pooling: an
innovative strategy for the enhancement of spectrum
efficiency,” IEEE Radio Communications, pp. S8-Sl4, March
2004.

[2] M. Wax and T. Kailath, “Detection of signals by
information theoretic criteria,” IEEE Trans. Acoust.,

Speech, Signal Processing, vol. 33, pp. 387-392, Apr. 1985.



receiving a first signal via a first radi o resource;

recei ving a second signal via a second radi o resource,;
waledie/0083m6 ng whether a first transm ssion si gnedT/862009/000204

present in the received fid8t signal based on the

recei ved second signal; and determ ni ng whet her a

second transm ssion signhal is present in the received

d si | b i ' ' | . 2.
51 2 SRRl e BRAR, Do SFAPRED pdlapienione

ereinit Is

detectdeireror redevbeshectiche bigatlsransmdsse omf signal is

uncertidddix, §¢"e&e ond FEFgAZR End P hEsF

present in the received first signal base feépg
, :

RIGR Y STOATS

Systems, vHle B8thad aggopdingsuoeebai mpd2por. 2., wherein

[4] T prissenitlipn t Ke RecEP¢BASERABE. sPBRal - cOndfd

rm ni ng whet her fir ransmi i on signal |
det e g et her a st transm ssi o s_g a, \(fn_

buildi&%&i{d&’gﬁ:‘ QQHQSWEQSHEEFQEHEQQ BYRLAIECROWSE Hadhels:

second sign wherein it is determ ned

channethettreradtiee iziatdont pads i ssbbnchrghal ersemesent in
Inter_r%;,ﬁgigjsc{ﬁaglelo eu?:rr]]fallr %tf %o%%%lnl%%%ggnfﬁgts@gmg,et £Ln n?@, PP .

e average power o recel ved second

381-40,9md03.4 . The nethod according to claim3 , wherein

the received second signal conprises a plurality of
signal values and the neasure of the average power of
the received second signal is determ ned based on a
conmbi nation of the signal values.5 . The nethod
according to claim4 , wherein for each signal val ue,
a neasure of the signal value based on the absol ute

val ue of the signal value is determ ned and the
conbi nati on
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of the signal values is an average of the neasures of
the signal values . 6 . The nethod according to claim
w®2010m08p€i N t he neasure of the average power PGI/SG2009/000204
determ ned based on an average of the sguared absol ute
val ues of the signal values. 7 . The nmethod according
to any one of clains 3 to 6 , wherein determ ning
claimwhether the first transmission signal is present in
The received first signal further conprises
determ ning a neasure of the average power of the
What feceiyededitst signal and wherein it is determ ned
whet her the first transm ssion signal is present in
the received first signal based on the determ ned
1. A AEesYerdf dde-Ayalage wele Oft thenfiecaioned igaeeadare
signal and the neasure of the determ ned average power
presept ther¢@%€V%Qnﬁ¥9¢%#sleﬂﬁﬂmeq?Od-Fﬁ@mﬁéﬁﬁﬁé accor di ng
receiffnfl & Flfor WSS Nid o sidalenidied ethes,t he
I FSt transnission signal i's present in the received
receiﬁingtasSgnamdbaS@mhknvxﬁ(ﬁﬂﬁﬁﬂdnﬁnraﬁlqIm§SW@a§are of
t he. aver pover of .t el V. [ i gna
deter?ﬁ%lﬂ%aggggh rﬁf%ﬁ&i&f%?ﬁxnﬂéﬁaa gﬁﬂ?aﬁegg % st in
the réeéoﬁddSEQﬂat.s£bnaﬂThﬂgﬁﬁlunjﬁhﬁunamauyewosanpndne of
claing 1 to 8 , further conprising receiving one or
signadpr @0¢hird signals, wherein each of the one or nore

deterhfhifgShBoehsris sQE/Yed-atishia Jiespesignee tihki beekaddico
resource of one or nore third radi o resources;

in thgnageesvas nFegond ot i Eith RAsThebrid o sfsrid schifigst
Slgna§|gnals whet her a respective third transn ssion
signal is present in

2. The method according to claim 1, wherein it is determined
whether the first transmission signal is present in the
received first signal based on the received second signal and

the received first signal.

3. The method according to claim 1 or 2, wherein determining
whether a first transmission signal is present in the
received first signal comprises determining a measure of the
average power of the received second signal and wherein it is
determined whether the first transmission signal is present
in the received first signal based on the determined measure

of the average power of the received second signal.

4. The method according to claim 3, wherein the received
second signal comprises a plurality of signal values and the
measure of the average power of the received second signal is

determined based on a combination of the signal values.
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the received third signal based on the received first
signal, 10. The nethod according to any one of the

w@bk@Eoes3dcto 9 , wherein the first radi o r esouPCESGCHOHD00204

| east one first carrier sighal. 11. The nethod
according to any one of the clains 1 to 10, wherein
the second radio resource is at | east one second
carrier signal. 12. The method according to any one of
the clains 1 to 11, wherein the first radi o resource

5. Thd Snéddd SfcddLAURNGYS 1Ange- 413ywnthe inekhedeacR0EdyAg1
to any one of the clains 1 to 12, wherein the second

valuer alireassmrirae e sigeedndafveqheney pangbe. akgolyhe
ne d according to f. e .clsai ; ;

valueﬁ%é?%?% %*%P#ﬁr%hh¥% E%d%&%gﬁﬁg%@igﬁg ?ggs%ORBlﬁgtlon

of th&ofpre Catda breLhiannel avelbgeTlod rbkehodaaocesdpiigthe

. any one of the claims 1 to 14, wherein the second

signa} g $%esource is a second conmuni cation channel . 16.
The net hod according to any one of the clains 1 to 15,
wherein the first signal and the second signal are, _at

6. The gpiherhrace@FIAng dictéd s PnulPEredasityerreagpee of

the af&tﬂﬁg BGFOF A DGR ANN NS Qe df R GlnalaRe rhgk0otbihe
urther conprising defining the second radio resource
squared aimevkitabvaldey afattde sdgsdilsgiedmeist- it has been
determi ned that the second transm ssion signal is
present in the received second signal.
7. The method according to any one of claims 3 to 6, wherein

determining whether the first transmission signal is present
in the received first signal further comprises determining a
measure of the average power of the received first signal and
wherein it is determined whether the first transmission
signal is present in the received first signal based on the
determined measure of the average power of the received
second signal and the measure of the determined average power

of the received first signal.

8. The method according to claim 7, wherein it is determined
whether the first transmission signal is present in the
received first signal based on a comparison of the measure of
the average power of the received first signal with the

measure of the average power of the received second signal.

9. The method according to any one of claims 1 to 8, further
comprising

receiving one or more third signals, wherein each of the one
or more third signals is received via a respective third

radio resource of one or more third radio resources; and
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18. The nmethod according to any one of the clains .1
to 17, further conprising defining the second radio

WO 2®o0003386 as avai l abl e for data transni ssi on i PCT/BGH@%/000204

been determ ned that no se@dnd transm ssion signal is
present in the received second signal. 19. A device
for determ ning whether transm ssion signals are
present in received signals, the device conprising: a
determip&Ray eERF vERG cP ¥ cti B M TGOS Jied 9 Fédéirve a

whethbk! St rSL908L ;5 Y aciy £4 IStad e O RS QU 8 SNt in
receiving circuit being configured to receivé a second
the rstghatdvihiadsetomal realierd rasdlrcaeeqeifadstfirst signal.
determining circuit being configured to determ ne
whether a first transm ssion signal is present in the
10. Theceeveddfacsdrd&igmato basedron dthaehreecdiadeds sedcan®,

signal ; _.and a second determ nin ircuit be
Where&BnFP@uFéHSForﬂgf%rﬁ?%%uﬂﬁ%fﬁ%ﬁgé 6o &Hf?éﬁ%ﬁFSSion
carri8kgBagnks.present in the received second signal based

on the received first signal . 20. A conputer readable
medi um havi ng a program recorded t hereon, wherein the

11. TREOQEAALES,208PE et 0o MRKE ShdrOCassOrc1fimds ComRIter,
performa nethod for determ ning whether transm ssion

whereghghhfssarengr e88ht Iaseweed vied &b gt Arlfe SE6RPGt er
carrir%ag§$£§lnediun1conprisingcode of the program maki ng

fhe processor performreception of a first signal via
a first radi o resource;

12. The method according to any one of the claims 1 to 11,

wherein the first radio resource is a first frequency range.

13. The method according to any one of the claims 1 to 12,
wherein the second radio resource 1s a second frequency

range.

14. The method according to any one of the claims 1 to 13,
wherein the first radio resource is a first communication

channel.

15. The method according to any one of the claims 1 to 14,
wherein the second radio resource is a second communication

channel.

16. The method according to any one of the claims 1 to 15,
wherein the first signal and the second signal are, at least

partially, received simultaneously.
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code of the program nmaking the processor perform
reception of a second signal via a second radio

WO e@on03eG code of the program maki ng the procPCES62009/000204
perform determ nati on of wHéther a first transm ssion
signal is present in the received first signal based
on the received second signal; and code of the program

ki ng. t rocessor erforn1det r.m hat-i_an et her
7 ngsgggﬂag g%% 90%8 Tohar™§ Q§H§%eﬁ?'%‘ Wh 1%e
furthéQC@bM§ﬂi§Eﬁ@n@ieﬁi@ﬂﬂ<b ’blaéeibc&fhd Imdmmeeeﬁleder sis

Si al
unavallgble for data transmission if it has been determined

that the second transmission signal is present-in the

received second signal.

18. The method according to any one of the claims 1 to 17,
further comprising defining the second radio resource as
available for data transmission if it has been determined
that no second transmission signal is present in the received

second signal.

19. A device for determining whether transmission signals are
present in received signals, the device comprising:

a first receiving circuit being configured to receive a
first signal via a first radio resource;

a second receiving circuit being configured to receive a
second signal via a second radio resource;

a first determining circuit being configured to
determine whether a first transmission signal is present in
the received first signal based on the received second
signal; and

a second determining circuit being configured to
determine whether a second transmission signal is present in
the received second signal based on the received first

signal.

20. A computer readable medium having a program recorded
thereon, wherein the program is adapted to make a processor
of a computer perform a method for determining whether
transmission signals are present in received signals, the

computer readable medium comprising
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code
reception

code
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of the program making the processor perform

of a first signal via a first radio resource;
of the program making the processor perform

of a second signal via a second radio resource;

of the program making the processor perform

determination of whether a first transmission signal is

present in the received first signal based on the received

second signal; and

code of the program making the processor perform

determination of whether a second transmission signal is

present in the received second signal based on the received

first signal.



