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METHODS OF TRANSM TTI NG AND RECEI VI NG DATA The present
application clains the benefit of United States

w@e@viisi4sonal application 60/794,942 (filed on PGI/#EL007/000119
2006), the entire contents of which are incorporated
herein by reference for all purposes. FIELD OF THE

| NVENFIESPHODS OFEPRANSMIMTINGOANDERECEIVINGEDADAS of

transmtting and receiving data. BACKGROUND OF THE

I NVENTI ON A cognitive radio system operates in

frequency channels that have already been allocated or

licensed for a specific comrunication service. In this
Thé pRésdAt applidationainds thedmnaiuh bt binited Stategiprevisional

I f d h
applicagion (91184ce 2 Gd b 2t abib 2hD6E & PoureEfategfi f Mhuen
ard PEHIRRILA IREER FeféVe'nEBﬁ‘dr HPBlMbseEOr exanpl e, a

Ive radro system which i1s designed for providing
access to wired netmorks such as the Internet,
typically adopts a point-to-nultipoint (PVP) topology.
In the point-to-nultipoint topology, the cognitive

radi o system congigip OF FHEIRNVENTION (BS) and a few
custoner prem se equi pnment (CPE). As such, the few

customer prem se equi pnment are served by t he (single)

Theareses) RN Teig o aneaodE aRlsafh ity Bl feattiEudta,

prem se equi pnment served by it to a wired network
infrastructure. Meanwhile, the custoner prem se
equi pnent acts as a network access point within an

of fi ce or a ZgK%Ké blﬂgjﬁr@ WEWN t he

I .
cogni tive radio sys en1 S o Co-exist with the
incunbent users in the aIIocated frequency channel s,
opportunlstlcall ng the p%rtio

Si ng, of the
A Qansoe @i PYS|BRIRREE iesindruigicyRahbSRndt vk Beadve
begﬂ CHBRSRY dﬁ?éﬁsed)ﬁfrt?é’ﬁecﬁé c@ﬁmﬁlébtld?psﬁwi@éslrpﬂhls
ring speci In order to be able to
codmrtmsrm)emﬁmdmmanfaaoqu@ngcc isstypigally sefesiedo@sdheny
incumbent service, and existing users of the incumbent service are known as

incumbent users (or primary users).

For example, a cognitive radio system which is designed for providing access
to wired networks, such as the Internet, typically adopts a point-to-multipoint
(PMP) topology. In the point-to-multipoint topology, the cognitive radio system
consists of a basestation (BS) and a few customer premise equipment (CPE).
As such, the few customer premise equipment are served by the (single)

basestation.

The basestation also typically houses a gateway, which provides a connection
from the customer premise equipment served by it to a wired network
infrastructure. Meanwhile, the customer premise equipment acts as a network

access point within an office or a home, for example.
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i ncunbent users, the cognitive radio systemregularly

perforns a process called sensing. During the sensing
wEe@casHI7t he cognitive radi o system peri odi cab€SG2007/000119

detects the presence of signal transm ssions by nearby

i ncunbent users, across a range of frequency channels.
InAgenerali thgd gogritine madin sgstem is atda i cofexist adtheheyncumbent

ugee Brfhecalseletbeaitinidaei ty BreRBERRly i gRg the
pArfigAs Bf AR CERR FEQBAdWVEhdRILWRICH A8 ot ded dY the
unused frequency channel”, the cognitive radi o system

ingraipbeheusers opedaps calogrstain dodationsos durng saeeifiedimercy
channel . The sensing process does not end here. Even
whi |l e operating in the unused frequency channel found,

Intdr@ectodbe hbletor delemningSiifsthera freg@ehty dRaihvel is being used by
periodically sense for the resunption of any signal

ineyrakeRt YeersnthecagnidivierregdimeyatemisegulaglyRestorings REQRSSS

It ey . y
oIR8 Hofind, TGRS SREMERDroon ihe EpDH e FadbHRERFY .
paridiicallyydstetts died prdsantatoftdigitat tiahismissiomsaby nearby incumbent
transm ssi on by | ncunbent user% in the fre uenc¥
USEianREPSHAirange of f@%ﬁ@%ﬁ?'ﬂ@ﬂj’q $ Agqor Q[Y’ g’&%"@ ygofa

DS eAARETL RS Pl GRS e el
beihg used mytinowmbeul wsesy o evot.naythisaagard) ence thepegaitive nadio
systihEs e Garss LR AR ENg8E dae CognILE Fatip Syotam may
thB8h e td HiSerafImi thisVnuistd Pequerc§BHaPnaui ckly nove

its operation to another unused freéquency channel, as
mentioned earlier, it needs to maintain a periodically

TR ER ey ST e A B HIRP Spurd ] Belisod

fréQesHoyathanfkl fotma! BiEcogNiRE BRliE qysterEmusteshtiru@ntonove
to a designated unused frequency channel

periagicallyraengedoeihg, regeaptiansy any signalitieasmizsion Ry tae

ih . . . . _

nfoRAF65a5LRRs S FrlBSaRa Al SR, FRURARY e

fresspurenmyi ahainng| impakitidt ik ioperatinginused frequency channel s
nmentioned earlier.

Should the cognitive radio system detect that there is a signal fransmission by

incumbent users in the frequency channel which it is operating in, it must

cease its signal transmission in this frequency channel. If there is another

unused frequency channel available, the cognitive radio system may continue

its operation in this unused frequency channel. Otherwise, the cognitive radio

system must cease its operation.

In order for the cognitive radio system to quickly move its operation to another
unused frequency channel, as mentioned earlier, it needs to maintain a
periodically updated list of unused frequency channels. Therefore, when a
move to another unused frequency channel is required, all customer premise

equipment can then move to a designated unused frequency channel almost
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In this context, the sensing for the presence of

signal transm ssions by incunbent users in the current
woep@ratisny frequency channel of the cognitive PeEXsG2007/000119

systemis typically referred to as "in-band sensing".

On the other hand, the sensing of all frequency
immr”fiﬁu‘telw aotdreling mlal:hei ihstrustionsf tiogp baséstation.r Brpusaidy

channel is typica referred to as , “out-of-band
deslanstaruntser BraeRNdICHRTNG BesaloHeg hy e RAsaB At fragh the
peﬁ%&ﬁ:‘;a_gié H?défé% IRt 8F lﬁﬁﬁ@e@freéh&ﬁb”v chdrEidThenitiRgd R¥rlier.

I ncu users, a conponents of the cognitive radio
system nanely, the basestation and all custoner

in 855 Ep R 8 B erfof Hie iERhFE St bRoBE e RS Ms s se
in@MbONERerd fEfHe dUrdiRIgpRAbtiiR fréqeaity crRifmiensf thersghnitive

to the basestation, where these sensing reports are
radiorpystard i tpiqallyirefarmskiol asan-bendmepsings. P8 the other hand,

tng 3550 o Al HubneE BB AndlR ot BRRTE, AR Do Fier
frému@n@?@ﬁéhhé’lqs tAsIESllySnefdresd fods Couttofibamdagrtsiig’™ng i n

e current frequency channel. In a conventional
met hod for sending sensing reports, a custonmer premn se

S ATSDE P A TR ol dSRE/ S0n
tramsintiSsiens bpinaunbent ysers,all cahpyndayts o thd esgrities raxtio
SyBlormnasEes b RSPt ol RS RRS Rraiess Sddpiitat. are

reégiﬁ%ﬁl Ecgﬁeﬁgﬁﬁ EH8 8&ndiRg Ip?&%s%.nﬁ{ %‘j’s{ té'rg"%éj Peus®mer premise

their sensing reports. avi ng deterni ned
equipmdesnepds tecperiadicallytsendaensingliapgrisiieithe baasstation,

whesRdBre Ersiod SR ord bamaltald R ERasPdrighdTcess i
al§s e8ted QusibAT)S Bdscdh thesedifsoldate@nstistng feporieheevent
that a customer prem se equi pnment detects an in-band

basegiadiontwill iken decida st wheiber the aeamitive sadio syglem can
[ fer £ ' .$Sion of the
quﬂbﬁ%r‘ggﬁfﬁﬁ@e'& tﬁ@fh@%&ﬁ@gﬁﬁén%me} prem seequi prment
to | ose synchronization with the basestation. As a
result, this . . ;
In a conventional method for sending sensing reports, a customer premise
equipment is required to send its sensing report to the basestation only on
some designated timeslots, which are broadcast periodically by the
basestation. In this regard, all customer premise equipment must first be
synchronized with the basestation, so that they can determine the designated
timeslots for sending their sensing reports. After having determined the
designated timeslots for sending their sensing reports, all customer premise
equipment will then contend for the use of these designated timeslots in order

to transmit their sensing reports.

In the event that a customer premise equipment detects an in-band signal
transmission of the incumbent user, the interference from the signal

transmission of the incumbent user may cause the customer premise
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custoner prenise equi prent woul d then not be able to
send its sensing report to the basestation. Al so,

W@ b@ra23437 an addi tional problem for a custonerP@r/eGlH®000119

equi pnent whi ch nmay have just been switched on within
the area of transm ssion of an i ncunbent user. This

eq dﬁﬁéﬁﬁ%rloé’é e ERoRREtIGNRIt thelJasestationhAsfer egulinitys
annels in order to determ ne a basest ati
custoroadpeestise mauipreent weldddben pet bg fe?é’r%?ﬂf’g't? S
e signal transm ssion, this customner

repgﬁgﬁ]nﬁ%gé%#%{mm woul d not be able to decode the

basestati on broadcast. As a result, this custoner

prem se equi pment ca make the d . .
Alsb R eGP0 TR T BosamateTaiss SRRy which
maglﬂg\’/g ﬁ@rﬂ)téeﬂrﬁ%gtowéegir?mhm%@raréﬁ%‘ﬁtr@ngﬂﬁémbf anem se

cated I1n a region where there'is an
mc@mbehapséreﬂ'hsmusltdﬂaebamlsataqumeghdl“ scearbaifiesiugRcy

chany raged‘é‘r”r% @%'rr?wﬁt‘ﬁ”? dersiefion Biitiest IRl 480 o the

|nterh=1lrgH8é‘frb mBéﬁpbﬁﬁs sidn&iarerfimissioal th‘l@bhstdnm‘r
ving t s pro emrequires the basestation t

prentise iequipnent Wowddobbe abée taflecodd Hhenkasestat mkrﬁaggast

As st eginer reriiséiutoBht T TRk AR oA THa

thef’é RONE BENicE @HIRble ilpeaarBaoadcast s that are made
known to all custoner prem se equipnment. According to
this conventional nethod, once a custoner prem se

equip it
gD B SRS Tea it e
eqbfIEE & lbatiddnary jegiorn whieos tieratis an';niverlapw&ﬂeem the he
unused frequency channels for tae bases

baggsiatiemsional thargmissionLavesags an WHFB’H&’?H P%‘?f signd
tra{\%ﬁ %@oﬁﬁé&%’égt ITH_E QitR&HSH f&oﬁeﬁpﬂiférréé“fo bBehe BEidaent

asest on using a chosen frequency channel.

incdevaang prokiléins. conventi onal nethod requires the
basestation to continuously

A conventional method of solving this problem requires the basestation to
continuously broadcast certain information (such as the synchronization
signal, for example) in all unused frequency channels, besides its currently
used frequency channel. These broadcasts that are made known to all
customer premise equipment. According to this conventional method, once a
customer premise equipment loses its synchronization with the basestation
(i.e., becomes an affected customer premise equipment), it should attempt to
scan all the unused frequency channels for the basestation broadcast, in
order to restore synchronization with the basestation. The sensing report can
then be sent to the basestation using a chosen frequency channel.

However, this conventional method requires the basestation to continuously

broadcast information in unused frequency channels, thus taking up
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broadcast information in unused frequency channels,
t hus taki ng upunnecessary additional unused frequency
W@ b@mnned4g7 whi ch can be used by ot her nei ghbor i PQI/SG2007/000119
coghitive radio systens for data transm ssion. The
hi dden incunbent problemis solved by the nethods as

RERACfregliericydbrpenadRWhich @ambetisahby
“””%?ée%eﬁ?agg'gbﬁg%?. on. Thqéﬁarrecis7 ods provided by the

othermesghtioringveagritiye ragdinsyste@grr da MHREEOR: i on to
conti nuously broadcast information in unused frequency
channel s. SUMMARY OF THE I NVENTION In a first aspect

Thegilda?ﬁemmmntcpjtmb@m;ietmmmy theammﬂncfjds agydefined Nrtbm a
I rs communi catl on vice to secon C on
respRativedndepancont 8BNS PTG erasaar BPBUTHIEE: LB ITEaLs
proylﬁgﬁnbglﬁﬂg Foddd; ‘?ﬁve?ﬁlgﬂ%{o Rt r_qbiiré $he bagstaney tehannel

econ conmuni cat 1 on devi ce, generatlng dat a,
contihgs sy bideai cdat mf@mmrorsuewrwsedcfaquemyaﬁam@ s.

i ndi cating whether there is interference on the first
frequency channel due to a second signal transmtted
by a third conmmuni cation device, transmtting a third
signal on a second frequency channel to the second
communi cat i on SMMMARWE%E INVENTEMN i ssion is
carried out for a predeterm ned duration, receiving a
fourth signal on the second frequency channel fromthe

In asﬁfs? gd ééc}'BTtt'ﬁ@ flchasn de wietRod antfahsmiting datanfyomhe fickit a

nera on the second frequency channel to tB h
comemmmatlonrdavmec’r&ta WCQI&/prf@mLB'ﬁﬁi@lan@W%e isoreyided. The

f
ol BB R B O RS o ENR rofopfeg no
cheﬁﬁf@?\arbﬁ?ﬁ\ea?é'&dnﬂlcdnﬁmanwagogldevlce gbneraéln’ggtatmhereumme
hird signal is not required to t
datacesn mﬂaq% ayrquapglpﬁﬁq;ug cgﬁr‘@]\gﬁeﬁ)‘% t%%l)élﬁ nggrference on
the fREN S up Ry PG 1 8885 §'s@eBhd storAtiahgnaaestebabarirand

S reg ar there1s an el enent of
corMAfigiidationt device, ttmmfmmhgra third signajian @ 6860Rd frEMENCY

chqgrg'?eﬁ Iﬁ% tet%égca@gﬂcgggrahi@qcb F@;wr{)eﬁgmqﬁg AL ABAY
carried out for a predetermined duration, receiving a fourth signal on the
second frequency channel from the second communication device, and
transmitting the data generated on the second frequency channel to the

second communication device.
Embodiments of the invention emerge from the dependent claims.

According to one embodiment of the invention, the third signal comprises a

multi-tone signal.

In this embodiment, the third signal is not required to carry any data.
Accordingly, a simple tone signal may be used. However, a single tone signal
is easily generated and detected. In this regard, there is an element of

uncertainty as to whether the single tone signal received is generated by
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devices. Furthernore, a single tone signal may al so be
used for jamm ng signal transm ssions. In this regard,

wa@2¢oanm4ny signal nay be wongly interpreted aBCDHeGY7/000119

generated by a comuni cati on device of the system and
this further add to the above nentioned uncertainty.

cormiUhi@tiontdemice elbagihgne tisé eyetengensthat edminyurdcation
communi cation device of the system may end up

deviers.dent al | y jamm ng signal transm ssions of other
near by conmuni cati on devices. Therefore, in order to
avoid all the above nentioned pitfalls, a nmulti-tone

Fush¢medre] & su@eltones‘slgadl may als bgused w'qamr@mglmgnal

trana) SN oS B EOUICERNY! Y GBduiorel Pk PP as
belhgg;‘éﬁgrétgﬁ é’?@ﬁ’l‘ r%ﬁlé’atﬂfn dév&ebf‘%ed@}s@e%ednﬂvtmﬁmmher

I ng t one enbodi nent of the |nvent|on t he
addrtg thedathove inenticoep uhsedaintynchr oni zing to the fourth
signal received on the second frequency channel from
t he second conmuni cati on device. | n another

FuﬁHQO%éfEmble {ohe 51@%Itdén%lrﬂéa|byl & cOMMUNGAtN devicoof the

signal. AS used herein, the term"synchronizat| on
sysielgln may erd apsacctde@tajiygammlug Sipne) tepsmmishiens pbethe

nediBY i NisAISR TBykes TpERITEaLERdER o Bfot dinthe %HE’%
mentiBABd pitflisNh $eileRené eigrek kirer) insteadrafer sitple penesignal.
the communication systemin unison. According to one

enbodi nent of the invention, the second conmruni cati on

Vi [ t
AdAftEy.ofie Lo ARRRISEH dfthe hiliBoRE SEREI AEHAE R, e
pefiedioaily ipedrden talferihee reduce ﬁeqﬁnbabm’qunt beingaieterted ce
is provided. The nmethod conprises transmtting a first
wrangal on a first frequency channel,receiving a second
signal on one of a plurality of frequency channel s,

determi ning the frequency channel from which the
Acsexdimgltcson@ @mhadimeotof/ibg, invention, the method further comprises

synchronizing to the fourth signal received on the second frequency channel
from the second communication device. In another embodiment, the fourth

signal is a synchronization signal.

As used herein, the term “synchronization signal” refers to a signal used by
communication devices in a communication system to facilitate the
coordination of events (such as the start time of a frame transmission, for

example) in order to operate the communication system in unison.

According to one embodiment of the invention, the second communication

device is a basestation.

In a second aspect of the invention, a method of receiving data from a first
communication device at a second communication device is provided. The

method comprises transmitting a first signal on a first frequency channel,

6
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transmtting a third signal on the frequency channe
determ ned, and receiving data on the frequency
web@nnzd49det er m ned, wherein the data conpri seBCESG2007/000119
reception status indicating whether there is
interference on the first frequency channel due to a
reé@iwhgha seqpmal sngmairtmmme efla tp)urah’tymfrﬂ:éq:mnw m:haanelsn
used her

t.he t | [ .t
dqte;mawgtéséﬁequaac ool vt i Sectir bt R reaaived.
tr ?n|ﬁ| ty gp”él%;ﬁal%?\Othbfi'?éqde'hc?*&hénﬁ@Métémebheand receiving

ura equency channel s consists of at | east
datavondhe frequencyegu@mea) determieed, wherehr thedatasosises a

f d
reSinliti SefLsbviries wRERTerABE: i st bR fisf dBaugpey
chibRfel Ay & Bsurtt SignaEeansmiearBya effd esmeaRiticaionsdevice.
basestation. In athird aspect of the invention, a

met hod of transmitting data froma first comrunication

AR ol oS 0 RPN b0 B R o B e e
itehhs & whichahée Bald l@ﬂmﬁﬁ elpplied) rlhtths c&ﬁﬁ@;{tdtrtecmrltmmcat i on
devi ce, generating data, wherein the data conprise

freqaieaey |Cbﬁn@@l§tC@§lSlS¥ﬁJPfc%’&|ﬁﬁ‘gt Wecehaere fefdency channe 5]
interference on the first frequency channel due to a
second signal transmtted by a third comruni cation

Actevding to and émisodiment ofitheainventich, thgiild signal isexond
fre ncy channel to the second conmuni cati on devi ce,

SY\WﬁB&’é]'?? tiopessignaly d si gnal conprises the data generat ed,
and wherein the transm ssion is carried out at
predeterm ned intervals for a predeterm ned nunber of

Acddomding taoceratnbeditrent oé treninventiemtthefsecord carengnieation
the thi d SI nal further conprises a preanble. As used
q%ﬁ%ﬁﬁ? %hﬂ "preanbl e" refers to an introduction
to a message or a message header. In this context for
exanmpl e, in one enbodi ment, thepreanble is

Ingsibird aspestiohihedavention, ametost CPféFar@rwBWM@ franp g first
IR aARERoh SeficEib S SEBHRNG mmunication device is provided. The

method comprises receiving a first signal on a first frequency channel from the
second communication device, generating data, wherein the data comprises a
reception status indicating whether there is interference on the first frequency
channel due to a second signal transmitted by a third communication device,
and transmitting a third signal on a second frequency channel to the second
communication device, wherein the third signal comprises the data generated,
and wherein the transmission is carried out at predetermined intervals for a

predetermined number of times.

According to one embodiment of the invention, the third signal further

comprises a preamble.

As used herein, the term “preamble” refers to an introduction to a message or

a message header. In this context, for example, in one embodiment, the

7
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According to one enbodi nent of the invention, the
second communi cation device is a basestation. In a
wo owrnikB4aspect of the invention, a nethod of PCT/SG2007/000119
transmtting data froma first communi cation device to
a second conmmuni cati on device is provided. The nethod
preamiulé M pseudo-vantpna sefusnceilgmabther embaodisient, the
fre ch nneI fromthe second conmuni cati on
pr@@ % @ata, wherein the data conprises a
recept| on st at us [ nd| cating whether there is
interference on the first frequency channel due to a
Acnarding teiopeadmbediment of g iyeatiomithe seeand sPawRyRIgation

device, and transmtting a third signal on the first
d%"ﬂ“eeq'ﬁe%%s%ﬂ {H to the second comuni cation devi ce,
at a transm ssi on power |evel at |east substantially

near the maxi mum transni ssion power |evel, wherein the

Intehfouathsaspest ot theghvention, igemathos ferrnsmitiing daiadram agirst
cfimBRE B TR o ecHE, b ltop s IRV ERI O

meéthoalt campriseceicdiviry & firstrsigredtionca ﬂwﬁtfreqhehbyechannel from the
invention, the third signal further conprj

sqspagmr@ﬂupwaﬂ@a SRyice, gPReANBY sl avherein ’thséﬁia_tgrcemﬁﬂ%s a
reF%%ﬁ%'{rJea gﬁ?dsé@iga‘@féjHSPﬁl%re liéqmﬂ%?écor en ﬁ% ‘fig‘ﬁgi‘equency

sSequence
crempetidoe o acs‘ecbhé signat tranemlttem by adbivd ai:ocmnuminiatim device,
vice |5 a sestation., Iln a_fifth aspect t he
ARG 8 THES RisAabeN the At ieaHRECh haHe) Jh e Froayd
ccﬁﬁn‘ﬁ”HfHa%h wéegt 5@rah§nﬂs§8ﬁ Qe Qa3 feist SlibStamtiSIRy
'S rOV|de Thé met conprises receiving a first
narghalmamma!m traesmfasmup@wgrr ievehwdiereinghetthied signahd

onmun evi generating data, wherein the
COJQ?%\S%SotﬁlﬁrdagﬂgeHeFag%%pti on status indicating whether
there is interference on the first frequencychannel
due to a second signal transmtted by a thi
Acaardingi te sinegembedimant o e tw&ﬁyﬂm,tﬂweﬁ@rmlﬁwa of th Hird

sidRallif Bafrdfout P \rose FAMERIukRoh Ne second

According to one embodiment of the invention, the third signal further
comprises a preamble. For example, in one embodiment, the preamble is a
pseudo-random sequence. In another embodiment, the preamble is a Goid

sequence.

According to one embodiment of the invention, the second communication

device is a basestation.

In a fifth aspect of the invention, a method of transmitting data from a first
communication device to a second communication device is provided. The
method comprises receiving a first signal on a first frequency channel from the
second communication device, generating data, wherein the data comprises a

reception status indicating whether there is interference on the first frequency
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conmuni cati on device, wherein the third signa
conprises the data generated, and wherein the
W@ p@naed48si on is carried out for a predeterm nedI/SG2007/000119
duration. According to one enbodi nent of the
invention, the third signal further conprises a
cf‘@n@gh@meﬂo gecend signal trapsmittedelny adhing somn incatiamdeviee,

arl PRt 2 TR SRR OH BE st bRoBRRRY Eha i Bt Reeond
cmﬂnodlcaﬁah delicehwhiersinthé third $igRabEsAPHsSOIMBLIES geherated,
devijce is a basestation. | n a sixth aspect of the

and,\yaerainthe angnissiprois Gesred 9%@@&?@@?&5%‘@% dyrggion.
comruni cati on device at a second conmuni cati on devi ce
is provided. The method conprises transmtting a first

Acrogdiaj toona érhbsdinferrskmﬂﬁm:mvehmmethe tioied signiahiunihea
second Si alit uency channel s,

| fr
CRRIES A PraaIEo R SxAmHle: Inete Srbant dhe PGS a
pdel@odahaofresRycHes. ﬁhé@&ﬁeﬁ LRmodl HtSFHé‘Hr‘e% B18% a Gold

whether there 1s interference on t requency
secieno@l due to a third signal transnmitted by a thlrd

conmuni cation device, and deriving the data fromthe

second signal determned. According to one enbodi nent

Aé?for(‘ilhg tb %\h@@mﬁédm{é?ﬁ of Bfondesticéi @he 'SaEbhe boﬁﬁrﬁ(ﬁ’r‘ilbm

preanbl e. For exanple, in one embodi nent
dEMQ%lﬁlﬂ asestatigfseudo- r andom sequence. In anot her
enbodi nent, the preanble is a Gold sequence. According
to one enbodinent of the invention, the second

InGosixtraspRict ofthéenivestiors a&nbﬂ&ﬁﬁéﬁbh@mnd data foH efirdt
aspect of the i nvention, a method of transmtting data

comran&aﬂw devissrahanseapndaenamyinicatiop deviceds mgovided. The
mERBELY ée%ntr%\ﬁlnftﬁ 8 iR Qs Bn 1St FEY ngﬁcf et €S
na Cha

recei VI a first si requenc nnel
del’cemnmirig&:; secord! signalimomad plunalite of frequegenieckadnnggs, datierein

vvhere Ihe data, comri se reception status
the RaPad slagel el iiss dhas 70 whertia The Ao oBhNs6Ra FpsaRtion
stéth@%’cﬁé‘&%g whether there is interference on the first frequency channel
due to a third signal transmitted by a third communication device, and

deriving the data from the second signal determined.

According to one embodiment of the invention, the second signal further
comprises a preamble. For example, in one embodiment, the preamble is a
pseudo-random sequence. In another embodiment, the preamble is a Gold

sequence.

According to one embodiment of the invention, the second communication

device is a basestation.

In a seventh aspect of the invention, a method of transmitting data from a first
communication device to a second communication device is provided. The

method comprises receiving a first signal on a first frequency channel from the
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channel due to a second signal transmtted by a third
comruni cati on device, determning a third signal on
wae b@78z30end frequency channel fromthe second PCT/SG2007/000119
conmuni cation device, initiating the setting up of a
conmuni cati on connection with the second comuni cati on
secoRYl cnPlnRaties dedick! ganenating dataneheretiether datmamm IHISGS a

receBiio R1aYR INSioalBOIASINGHINeTs SnSHTaTenge CRANG s ecuency
chagﬁ%i ﬂgé%j 22 chAG ts?@fé? gl‘éngﬁﬁ’l?é{f B¢ ¥ thitarepimbfichtiéh device,

conmuni ca a tine iInterval
detatimag adh|raAsguanngu1e secord Fretjoeticyechanyiel fram the second

COYIBWH%HHQYB%@ Jj’"{ e?%’p' egg Hg;gffagforép @gg&%ﬁ%ﬁ%gnnecﬁon
Wlﬂg & Egcé n one f n%ehgﬂlﬂwéé at S ohBTRItLictRyEHanASl | on

evi ce. nment third signal is a
deieymuhmg)altm mberval @malransmssj@nl aﬂgcat@dchyéh@@@@nﬁent of

oo P, B GEEDEBe BEARf Bcte

fre@ﬁ ML nnep fLihg é&o@h@t@mmuﬁrc@ﬁbﬁ efévicehat atinfwihterval
onprises transmtting a first signal on a first

alldoadediency channel, transnitting a second signal on a
plurality of second frequency channels, setting up a
conmuni cation connection initiated by a first

Ac&@m\@tcﬁ@ﬁé embaaihest sfithe nwemﬁuohhmaoﬂnettajd providedsfachad
frequency channels determ ned by the fir

comprises sgaghrenizing focbe taird signal F@S%qu o the s fregyency
b3 HBeR e Saihd BnfruRatbHTBINE I A8 b Siet, thbhird

sigh@MsL s padhiromizeion signalvher ei n the al l ocation of the
time interval for transmssion is performed by the
second comuni cati on device, and receiving data from

AcEPnl%i %f&&n&% ilrﬁéht SntneaMiéiftion thdSeddritRcorhrinicdtion
al'l'oc ted on the frequency channel determ ned by the
defiiced$ adraseststioat i on devi ce, wherein the data conprises

a reception status indicating whether

In an eighth aspect of the invention, a method of receiving data is provided.
The method comprises transmitting a first signal on a first frequency channel,
transmitting a second signal on a plurality of second frequency channels,
setting up a communication connection initiated by a first communication
device on one of the plurality of second frequency channels determined by the
first communication device, allocating a time interval for transmission by the
first communication device on the frequency channel determined by the first
communication device, wherein the allocation of the time interval for
transmission is performed by the second communication device, and
receiving data from the first communication device at the time interval
allocated on the frequency channel determined by the first communication
device, wherein the data comprises a reception status indicating whether
there is interference on the first frequency channel due to a third signal

transmitted by a third communication device.
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there is interference on the first frequency channe
due to a third signal transmtted by a third

w@ eovmazd4eat i on devi ce. Accordi ng to one enbodi nRCt/S61007/000119
the invention, the second signal is a synchronization
signal. According to one enbodi nent of the invention,
t he second comruni cation device is a basestation. The
enbodi nrents which are 3ﬁscr|b d ip the context .of the

ACFRIHISS GRS eRROHoR afdhaverion. DIesomiaaigadr A f or
recei ving data. BRI EF DESCRI PTI ON OF
Syal‘ﬁl& %@W\éﬁ%{ak the drawi ngs, |ike reference
characters generally refer to the sarre parts
t hroughout the differ e draw
Aokl g tbechinp B Sidhe i @rlions e SEAUT i ficaRbn,
dePibesd paaeBtdiibhustrating the principles of the

Invention. In the follow ng description, various
enbodi ments of the invention are described with

refer [ re
Thb SRSty whih B RFe i B PR3 e ko5 e
traﬁ%ﬁﬁtﬁﬁ%] @@teeéré_séhél@%&\mélv vali® forand nethousiof aédedving Yatam
ustrating the probl em of hidden incunbents,
according to one enbodi nent of the invention. Figure 2
shows anot her block diagramw th a first communi cation
system coexi sting with a second conmuni cati on system
for ill ust rBRIERDESCRIPTIONTOF THEDMRAWINGSbent s,
according to one enbodi nent of the invention. Figure 3
shows a flow di agram descri bing a first enbodi nent of
K
In AL, e IBitensch faion Lor i oot seicpaes
throhghbutjtbeajlﬁf@lengvav\n‘& The ohrawmsrmtnoifnetceamw te Beaje,

v ol by BRBaTREH) D5 ARrafte ths pringolgs of the

|n\fén"t|§h ﬁi‘ﬂh‘é%"&ﬁﬁwgﬂesbﬂﬁﬁtbﬂ' VitiolistetnbSdifing$ BtHednv&etion
enbodi nent of the invention. Figure 6 shovvs a bI ock

areldegerbacdwithnetexengs @ thedaliowingerawingss & which

Figure 1 shows a block diagram with a first communication system co-existing
with a second communication system for illustrating the problem of

hidden incumbents, according to one embodiment of the invention.

Figure 2 shows another block diagram with a first communication system co-
existing with a second communication system for illustrating the
problem of hidden incumbents, according to one embodiment of the

invention.

Figure 3 shows a flow diagram describing a first embodiment of transmitting

data and receiving data, according to one embodiment of the invention.

Figure 4 shows a flow chart describing a first embodiment of transmitting data,

according to one embodiment of the invention.
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enbodi nent of the invention. Figure 7 shows a fl ow
di agram descri bing a second enbodi nent of.

w0 e@ngdm4dt i ng data and receiving data, accordi PQI/862007e00119
enbodi nent of the invention. Figure 8 shows an exanple
beacon nessage used in one enbodi nent of the
invention. Figure 9 shows a flow diagram describing a

fghlré g SBBRRH BN cHak dés%ﬂﬁ]g‘lgf dél ﬁeﬁ;teﬂgr;cﬁ:{ﬁ%ﬂt BF&%anﬁ:?data

ata, according to one e he I nvent

Fi gua@:mmngﬂomeaambod\mmmwme ohwentiomi ng a fourth
enbodi nent of transmtting data and receiving data,
according to one enbodi nent of the invention. Figure

FiglresBahews d blosk disgranesan ekamgleasigagionskdifiord ment
a thlr%g gn‘oodl nt ,and a fourth enbodi nent of
t r an@RPPEIMmE '@'W@E‘HP& ng to one enbodi nent of the
invention. Figure 12 shows a flow chart describing a
second enbodi nent, a third enbodi ment and a fourth
Figoteodishewns a)flowemgm'rmgesta’lbmg acecond emnbcdlimeat of

embodi nent,. of .the | ventlon ure 13 shows a
i agramTa fefranree g AR TR @m%ﬁmoeitmﬁ@t of

dat ahanfvéftiop. Vi ng data, according to one enbodi nent
of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Fig. 1 shows bl ock diagram 100 with a first

| ' ti t 101 t th d
PO R Ane ae She B EbBherssrige St e uiet i onp BrECHRBERafthe
of hhd&stibd.ncunbents, according to one enbodi nent of

the invention. The first communication system 101 nay
be, for exanple, a cognitive radio system Using the

r
OGRS shiisiEfiod RSB ¥ HIR Btodfiophl Fransrting
gon”_rrwta Ghidi receiving da&tagadeerdieriorshecamibating&iti sfithe invention.
evi ce.
Figure 10 shows a flow diagram describing a fourth embodiment of

transmitting data and receiving data, according to one embodiment of

the invention.

Figure 11 shows a flow chart describing a second embodiment, a third
embodiment and a fourth embodiment of transmitting data, according

to one embodiment of the invention.

Figure 12 shows a flow chart describing a second embodiment, a third
embodiment and a fourth embodiment of receiving data, according to

one embodiment of the invention.

Figure 13 shows a flow diagram describing a fifth embodiment of transmitting

data and receiving data, according to one embodiment of the invention.
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In this illustration, the first comuni cati on device
may be, but is not limted to, a custonmer preni se
weeowrppmant (CPE), for exanple. The second commeeii/s@00vm00119
device may be, but is not limted to, a basestation
(BS) 105, for exanple. The second communi cation system
103 may be, for exanple, a television (TV) broadcast
system A 'g a cond. comruni cation system

105 et der Al HE CRITRIEROR FHENGENTIoN X
| east one receiver in the vicinity of the third
communi cation device. In this illustration, the third

Figo rirahoiwsatslb ol dibeiyame! 0Twith e, fir8torh Lﬂ'f?éa}tioinrgéfs?éjm 4®1 &
I.ncumbent TV transm ssjon station 107/, ftfor exanple. Tn
eXI$HNg With gsyacand\eenaRHmsation sistem/103 fearditiasttatingsthe rpraflgm

fl | . user, sipce .the .
o e LR oD g Ky R Bt flepBobF& ihuationy ror
TV broadcast services. Accordingly, the cognitive
stem npy use one or nore frequency channel s

radio s
Thi {'jrﬁ? RoMFnicaidnswsiersritn@ry ber, forraanesie, 8 wognitivemadio
T i ' ' th I rder to
S e ae £ 8ohi Y Faa 31 s 4 Brb R e Bef o
conywupication kgstear 101 comphiabi lat least oAb dkE! comunRativs ¥vice
Jhe term "reachability contour” nmay be defined

herein.
a”é’gaPS?%‘é/@?m{“HrgC%W Mi¢fat a receiver can receive a
signal, provided the power of the signal received is
hi gher than the sensitivity of the receiver. In this
In thig dlustratine, thedustedrnmunjcationtdevice mag bee dstisendtfiimited to,

[ f . | ' [ d d th
a S0ABP Bleror el R (P L R Sl ple . Eho epoaBiei 1 vi ty
corfmunieatioplevice Ay BE, I5RAS Pot fifRed 3y, £basedatioh E%ézﬂe 05a,

| oss npdels). In other words, a receiver can re
fors@Xataple; r ansni ssion, provided it is within the

"reachability contour” of the transmtter of the

signal. In this context, as used herein, the term

Therseend eomrefisicatior systenT €08 pidyole Gbr 8xahpRala teldVRsiGhY
th data derived fromthe received si gnal has a

( \6 @'E? ppgttsgystqm. Accordingly, the second communication system 103
includes a third communication device, and at least one receiver in the vicinity
of the third communication device. In this illustration, the third communication
device may be, but is not limited to, an incumbent TV transmission station

107, for example.

In this illustrative example, the TV broadcast system may be considered as
the incumbent user, since the frequency channels of interest have been
allocated for TV broadcast services. Accordingly, the cognitive radio system
may use one or more frequency channels within the frequency channels of

interest only when the TV broadcast system is not using them.

In order to analyze the co-existence of the two communication systems, the
term “reachability contour” will be used herein. The term “reachability contour”
may be defined as follows.
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error below a pre-determned error-rate. It is known

that different types of communi cati on devi ces have
walpdof7aeamt recei ver sensitivity. Therefore, foPCT/b€2007/000119

same transmtted signal, since custoner prem se

equi pnent and i ncunbent receivers (such as TV

receivers) have different receiver sensitivity, their

It [CRREA R o feRBRRAB redeifORIGUS pitiddedtheBdvidr dthe

Additionally, the custoner prem se equlpnent
signal reaeived 48 higheotham thegensitivity o the repetiermimthis fegaed, the

“ ivers. . for exanplg,. pne for data recepti gn and
e N g LM R e KT
d sthrvtedaghanethsmisslon ipd i a%%rfﬁbtrgéféib%r §é]?§?ti\iit2€(for
ata reception receiver, in order to be able to detect
exanRigbErffeqiseace, iNPdRY &F éod-uprrmallossvmadels). trhether words, a

bbb | Ve e BT B

“reduhabllitptonfout st tHetransatEst dfdhe 'sRfiRilver, and that the
recei ver sensitivity of the data reception receiver is

hi gher than that of the TV receiver. Accordingly, the
f i . f « IR ceiyer is ..
I SBPRAL. A pRET hBin. 1t (iR RERN forbfE L wiPptiopgr @
sigriad wheeshyethe hizith etived frobrotie reeeiveliasi |axavsfqaps.@ibila9mty of
n

receiver is$1i gher than that for the receiver.
erfﬂr&e'fi"}’atws- ASERRBA|riQF-Talht our for the TV receiver

with respect to the basestation 105 is denoted by "TV
Rx" and | abeled as 109. Simlarly, the reachability
It is demowdy thab diffenentTybes obtaramuni¢ationsdmdeds have difeldnt

rordBB ), ThE'RIER, bidnaseima foGemitss Soe. ehes austomer

réRERPEGUPMERE Bhd ficuthbdht i S
P S dendg)tgd by " CPEC W"éhgnrgé?iggFeSI (tggcglsé%l*l)\g? |I\?nértf§gﬁ?§1/&

different wsehabisensiiviis ihein resnective éregehabiligcepttoors” will be

diffeggﬁf'.ver with respect to the TV transm ssion station
1 I's denoted by "BS/ CPE Rx" and | abeled as 115. It
should be noted that it is also assuned here that the

ta reception receivers of the custoner prem se
Al P saeT Brabuse st pEtneRsostation of

cognitive radio system may have two receivers, for example, one for data
reception and another one for sensing. Ideally, the sensing receiver should be
designed with higher sensitivity than the data reception receiver, in order to be

able to detect incumbent users which are further away.

In the illustration shown in Fig. 1, it is assumed that the receiver sensitivity of
the sensing receiver is higher than that of the data reception receiver, and that
the receiver sensitivity of the data reception receiver is higher than that of the
TV receiver. Accordingly, the reachability contour for the sensing receiver is
larger than that for the data reception receiver, and that the reachability

contour for the data reception receiver is higher than that for the TV receiver.
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receiver sensitivity and hence the sane reachability
contour. Finally, the reachability contour for the

WG engilzy9T ecei ver with respect to the TV transPeBESGEN7/000119
station 107 is denoted by "BS/ CPE Sensing" and | abel ed
as 117. In this regard, there is no "CPE Sensi n%"

InRige hathiel reaghallity sianteurdanthe TY reesipecwith cespest to the

t § . [ pce »CUS rem [ t
oAU | Ofisdbhoted BEFTYIS iR BBRlar IDEcREEM ST,
rebghalsitigtdomtolror e TV reteiver with eespddtdo W MV thshsinissior

note, if the bg estatfion 105 is | ocated cl ose enough

staion A@7 isdenefsdRYs JivoRXsead iaheladas 11fl. can directly
sense the presence of signal transmi ssions fromthe TV
transm ssion station 107. Accordingly, the hidden
Thenadhabilipcattbanfatdlse daterboeptibn eecerme;ﬂ \giéhn césrim@p%fme
Ther ef or in order tq.illusfra t he hi dden_i ncupbent
DaRASHALER T05e deodsd by GRE R’ i faeeloskar dda SUmyaIbh e
reBEh&bIAG doMfourBst fRFdAaNBEEstor RABHRY! "Qf ﬁés@@&tt‘a%e]fv :
For exanple, in this itllustration, a recerver
tranemideionretationvi 0% is dermthd byl “BSYCP&ERxUand lebetedand 15k

TV ansm tfing.station 107, does,. n syffer an .
shoW B EpERc el 5 o Sy B8R Rt Ine i Teraamoeivers
ofliRe estRiMar préffise BEGBHEt ahdithe MRkebRtibA®a/B8he TYnfdX

reachability contour 109 around the basestati on 105.
reggiver aeRgitvi d henesthersame reachability santawgi de " TV Rx"

reachability contour 111 as well as inside "TV Rx"

reachability contour 109 (an area where the

Fihay, ¢lae heeihability comoar fer thg eehsipgaaesivet WithresdttYo the TV
then will the TV receiver suffer interference fromthe

transgissighsiafionn 807 isrdennted by| BSERE Sensingcandlapeled as 117.

al I ] 9 . .
InfR P8t Mo g D, TPIE, SEhShor HARREBIIy bl fraunith
respextdartise basestafior 405, sinbethd thetotrrtarenhisecaeqadipment

c.alllie the affecteqd CPE area 119. _.Thjs means fha .
ty@aliders BrEReridniing SRsSIRG PrRSEss fenlbedsesiaionaighich
it W dssosiafdcewithnt erference fromthe signals transmtted

by the TV transm ssion 107. Therefore, the affected
custoner prem se equi pnment may | ose

As a side note, if the basestation 105 is located close enough to the TV

r—4

transmission station 107, it can directly sense the presence of signal
transmissions from the TV transmission station 107. Accordingly, the hidden
incumbent problem described earlier would not happen. Therefore, in order to
illustrate the hidden incumbent problem, the basestation 105 should be
located just outside the “BS/CPE Sensing” reachability contour 117.

For example, in this illustration, a TV receiver inside the “TV Rx” reachability
contour 111 around the TV transmitting station 107 does not suffer any
interference from the signals transmitted from the basestation 105, because it
is not inside the “TV RX" reachability contour 109 around the basestation 105.
This means that if the TV is in an area inside “TV Rx" reachability contour 111
as well as inside “TV Rx" reachability contour 109 (an area where the two
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synchroni zation with the basestation 105 and thus may

not be able to receive further signals fromthe
whamesrapT on 105. As a further exanple, if theP€I/562007/000119

custoner prem se equi pnment | ocated inside the overlap

area (the "sl ope-shaded" area) of the "CPE Rx"
reaghaiitty gantqurs yedap eech aiherinanlyibemn ndlbtheat V sacaivsr suffer

infferkie frERnSEseRtatr PR AL il hah R ihestfo Qe area
dodBN@REXi$x" reachability contour 115 around the TV

transm ssion station 107, this custoner prem se
equi pnent will be able to detect the TV signal

ent o Lpnal
Hbl_\{v/é{?él‘,“lr?ﬁ'{l@ Mas@aGbr, 2REF is el?Par%rae\ﬁﬁé}‘égggE adtjlpg'nﬁgg(??ﬁ&ﬁrs

transm ssion station 107 to the b
oVEtiap eéachcethee@hasdotied rareap|catied dloe affacted 2P E sinea d9. This
tr.ansm ssSi or{

the i,ncunbent TV .st.gti on 10? can .be .
mggis (Al FUSIRINS TG TISE S BBRST IaTige o periar B wibsuffer
infPferemde FORUNE digndlotiedshitdd bliehd TONPIRSHRISSIBNPI7 he

cust oner prem se equipment to send the report to the
Theretoreathemifents oustomenpsemise equipment eaydosere TV

' inside the "TV Rx~_re abi lit ontour, 111 .
yhEBnER 1 e heSestotoT Yos SRAIRR ey dotiRLoRH o kdeive
futthensighalsi fidm @he bgestaRon obakes only a short tine,

the interference caused is also only for a short tine.

In this regard, it is still necessary for the

AZRIEIAE SO IR A stome PSR Rl BRf e insice
thbawesiaptarem ((h6Ssdpessiiaot atss) Giiher CPEGRY arckonabiftyTV
ransm ssi o

recei vers. TEi i s because the signal m ssions
e | Fatauslshe agpeiaion 10BATSHER GRE SeoRbILaFachabilty
oS @OHPBroRhAANE A RARsRRIGH $18bE 07T buds R8iot iR °B8/cPE

cause | nterference retervers.
Rx§’iréechalpititylcontaurstiduanbuind thefTabtrahsissicst station g OZnihie

' t . b [ d wi,th di [ .ant )
BB IS CaRprret Rl 4615 o Bl STV st et o
trepisPiTsSIOnS AHd REBOVE t@prddneslof thé MbuRibdr TRIERRsmRRMHN

w | | é)robably take a shape simlar to that of the

stafiqnete7 Emthe Rareastationyt0s This issealled as the normal detection area,

whereby the incumbent TV transmission station 107 can be detected and

reported accordingly to the basestation 105.

It should be noted that the transmission by the customer premise equipment
to send the report to the basestation 105 will cause interference to some TV
receivers inside the “TV Rx" reachability contour 111 around the TV
transmitter 107. However, since the said transmission of the report takes only

a short time, the interference caused is also only for a short time.

In this regard, it is still necessary for the basestation 105 to change its
operating frequency channel even though the signal transmission of the
basestation 105 does not cause interference to the TV receivers. This is

because the signal transmissions from the customer premise equipment in the
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Fig. 2 shows another bl ock diagram 200 with a first
comruni cati on system 201 co-existing with a second

W@ oozd4gat i on system 203 for illustrating theP@r/eGeenoo119
of hi dden incunbents, according to one enbodi nent of

h .
tg%ﬁq%\’%fg{d ?af'reg a to A %%CRé)aE@(':IR‘:@p@n sfill cause

infEbhEY B ﬂr%dT\Qrédé\t/@r@ Using the cognitive radio
system as an exanple, the first comunication system

201 conprises at |least one first communication device

A Brids R, PR b Bblinef FslBmes oremine eaviagret may

b eguippet MitH d |Fédti%@||at SnteAnSd SA@éBi"H ||f|1_%[}ﬁ e %%gﬁﬁ?@&ntour of
(CPEimfor exanpl e. The second nication I ce
thewpskuneppriemise gatipmenttnaay be, nodi chraslas trestape, @RE)WIR05,

PrpBenf SRR anapd SimRG Ry RE RTINS et BRetAatta S taffem.
Accordingly, the second communi cati on system 203

i ncludes a third communi cati on device, and at | east
Figne shewsi angtherblople digasami 260 with airst eemehunication system

| I ust rat t
2R M SR cofrlticalon S3tB 2 iy biGireihd the
problevmbEhiddEN |m¢mbmt35ambrdmttb@he2&ﬁboﬁ@r‘ierﬂwm Rvention.
For the sake of clarity, a corresponding |abel is used

for simlar items in Figs. 1 and 2. For exanple, an

| - F. . . r H
SIS RS ey SRRl .o
cogﬁltweg'adm systerdi Ysing, th'etcogamvbefadieediysitémtaskmﬁ Bx&npRK the

tens, t that the bl ock

firjld 3’3‘5@?%0&?%‘ gySff"hg&? SAMRISeSAb fASt OE drskgaramUpication

delicdtatd &reddng Bbnidh@ficaiioh ddliks. 1 S the area where the
two "TV Rx" reachability contours (209 and 2 11)

overlap each other. In this ill ustratlve exanpl eh it
rnsmSS| fromthe.
I 98 108265, ket O AR ADRE SRS pLAE RN o,
a custemee peemistiquigrhent(CRIE)) for example. The second
communication device may be, but is not limited to, a basestation (BS) 205,
for example.

The second communication system 203 may be, for example, a television
(TV) broadcast system. Accordingly, the second communication system 203
includes a third communication device, and at least one receiver in the vicinity
of the third communication device. In this illustration, the third communication
device may be, but is not limited to, an incumbent TV transmission station
207, for example.

For the sake of clarity, a corresponding label is used for similar items in Figs.

1 and 2. For example, an item labeled 205 in Fig. 2 corresponds to the item
labeled as 105 in Fig. 1.
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i ncumbent area 223, and yet the basestation 205 is not
aware of the presence of the nearby TV transm ssion
waee@rizaa9207. In this regard, the signal transPeBESGEINY000119

fromthe basestation 205 woul d cause conti nuous
| n essence,

ChRIFENG {FR Blankies o obBio F1bIcor, Htioanshrapen dias both
blB@k a@geélmtshﬁatveQHéxéaH@nérHét pt Wiaecfﬂqg &{Mg el | H F% 2

the normal detection area 2 are a
hasan ﬁﬂdﬁlpnalsléemamﬂed érehiddeodocatnbghtarea 228 This is the area

wh R B3 R e eB i orio 3, GUB T 41 Biov8b eachen
ottwet.h t he convent| onal nethods, incunbent detection and

reporting is no longer possible. Wile there may be
ot her custoner prenise equi pnent which are able to

oo % Ble AR e L ol A RACL 3L P
th2 bisebiation <05 wmemSe UisteffaRindes 1B \3 fe @iV B WRtHIn ShE hRIden
[ ntErference fromthe signals transmtted by the TV

InpYRRSA AreR#2 S @ad YeH the basestatien 8P is nakgware/of fb@epnke)sence
s be
oﬁﬁg‘g\?é@;ggﬁ;ﬁpﬁ%@n%@g& ﬁg@ggeﬁ%%r gﬁen gpb o the
trareseissians dron? (e bAsest@tivn mm@&; ?a@ée g@Mﬁiult otidshierference
tofhE RREET L dtr o In Frepncs. o sine Migen incagHsaR: Booblom.
describing a first enbodi nent of transmtting data and

recei ving data, according to one enbodi nent of the
It shatdéaisembe notedHiaat oslythe custdmet prense eguiEingent3n tiee

i BRTHMEToh 3164 22 o SIS 3o Belsih i Bevirens usarand report

acterisgly t6pes Bé@éstéﬂcﬁﬁi Qggellﬁ%réh@%%usﬁ)m@# brénk J!‘Q equipment
frequency channel s knovvna;to t he cognltlve ra

ingda thipnorpabdetestier areas2ahdhen withcthedtanyeptionslenethods,
nt carr
inclt e e eRidH ehd Repdrio R0 IO BSaB T on over

frequency channel A At one point in tine, athird
Vi ce be ins its signal transm ssion in

WIS S5k R alli" e Bng PR SokTERealwES Are el iong

detédhe signal transmission of the TV transmission station 207, such as
those in the affected CPE area 219, however, these customer premise
equipment suffers interference from the signals transmitted by the TV
transmission station 207. Therefore, they may lose synchronization with the
basestation 205, and thus be unable to send their respective sensing reports
to the basestation 205. As mentioned earlier, such customer premise

equipment are known as affected customer premise equipment.

Fig. 3 shows a flow diagram 300 describing a first embodiment of transmitting

data and receiving data, according to one embodiment of the invention.

In the scenario illustrated by Fig. 3, a cognitive radio system, comprising a

first communication device and a second communication device, operates in
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the signal transmtted by the third comuni cation
device, the first conmmuni cati on devi ce | oses

wa@ynecheani zati on with the second communi cat i onPCIEYGO7/000119

and is thus an affected communicati on device.
Alternatively, it may al so be that when the first
freqoemeytieairied A, dithitoe fraquekicydhadnels, knawrd(te dle epgnitivt

rac gy SlE o 61 UTREEo EL e,y ACERIS TG e MR R A g e
cu&%mé?ﬁ)réﬁlééoéqlﬂﬁn%ni @aﬁy '@)@lhfh@"ﬂ ESmhRunidgioneseidata

communi cati1 on devi ce, hus can conclude that it
tranamiﬁsmmavafffm@ymﬂm&l:ﬁatl on device. In this

illustration, the first comuni cation device may be,

but is not limted to, a custoner prem se equi pnent

At BQB’@Olntflﬁ*tm@(%fWrﬂ coﬁ’ﬂﬂuﬁi%@ﬂ@ﬁi deviawtghe itosigaali ce
may be, but is not limted_t abasestatloné&i%}g‘|
trapgenigsien inmrequeanicy cheonelidi @a@ﬂ@ﬁ%&ﬂ&é@%ﬁ? rggultl frof%

L
tng gpp sl by Ry SBthu BRI B BRIRE Ly ¢ of

cofitn @iTBasb Meeice® foselsesynaimmization wm ther satond camuaication
is an affected custoner prenise egw pnent, the

devigst andis fhusansaffediad ﬁﬁﬁ]@u%‘éﬁi&ﬂ €¥Cer equency channel
froma list of unused frequency channel s (maintained
by the custonmer prem se equipnent). In the

Alterhatpietyatitimay alsovive that Wien the ﬁrsmmnmmiaahianrdavide iss

sel ect ed, The cu rem nt ..t hen
switshed 2ne lf JiSCONRES ﬁsﬂﬁmilﬁfgr’? no &%%ﬁ&t'}%s%@fﬁdor m a
corfthlifigatidn §é9Békt bl @Qéff?r@ﬁigﬁmﬁhé ArRcefmbSichRsRtBvice is

synchroni zation wth e basestation, before sending
not bbl&eter&ynnbrcrrmm’ta thecsedcond cBORGNIcationidsvicegand thugean

coppiufRigat e seh BRCe raP R AT RET Sauancy

channel affected by the signal transm ssions of the
i ncunbent user transm ssion station. The sensi

In thip dlustnation dhe dirstRar@RniEIPD SIS TaY SenBi B dettesso.
f X I an
= hehBL e L I IR 13 St ABSooRd
communication device may be, but is not limited to, a basestation (BS), for
example. The third communication device may be, but is not limited to, an

incumbent user transmission station, for example.

In this illustrative example of an embodiment of the invention, upon realizing
that it is an affected customer premise equipment, the customer premise
equipment selects a frequency channel from a list of unused frequency
channels (maintained by the customer premise equipment). In the illustration
shown in Fig. 3, frequency channel B is selected.

The customer premise equipment then generates a sensing report, and

proceeds to perform a series of signal transmissions in order to regain

synchronization with the basestation, before sending the sensing report to it.
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through the sensing process perforned by the custoner
prem se equi pnent. In step 301 , the custoner prem se

weowrpeEat transmts a beacon signal on frequePClSG2007/000119

channel B. The beacon signal will be described in nore
detail, in relation to Fig. 6. The beacon signal is

r it ' 1S i e { Bi t
i tnls OB, L RELS08E Rk, tholsehsiapopdalmaysimny Barmpeiul
data%hibleaﬁtludlijemigl&rmai@n m@equ@nw&mngéh%ﬁf“rée@kg’k’ ﬁﬁ‘a
. en the basest,ation i i
signAEmsRISsPNE SLd e Lar § Psgs bafeERERTatsn AT benao
repor1Ral) 2is5 indudeaddesretinfemmatio stdteas the uaused frequemrcy

custoner prenise equi pnent sonewhere w thin i
chamiets (ﬁolt' yxal;mhe, pysssingumhient H@HSWW&%E'P IB?%t:-’%j}?g ast
cont,rol infor ' ' ' irgiat icoi
throggg i serating R o ey e R e oo
signal is detected (in this case, this frequency

channel is frequency, channel b Q. St :
In stepe3Qt, e p@ﬂtomﬁ!’t%ﬁws%?%‘ﬂpwnél{@pﬁh@ﬁfa facityofah
freqﬁ%ﬁ(gfgﬁ%qeqfq_tﬁ% t ath ARyif el deatrBad n plvrenigtaiB,in
S To synchronize with the basestation using
relati®® t$ Fig.f6.0ni zati on signal broadcasted. Once

synchroni zation with the basestation is achieved, the
custoner prem se equi pnment then sends the sensing

The(fPRich 67418 s intdd\EorhttBUERL foP B pridefetreinedhduration.

er successfu Fy recelving the sensing repgrt an

Thedsredetsrmimed dbiationfmay) beyazgur@iﬁan yehich is al nggtﬁ@aggyt%@ﬂe
I ncunhent user trapnsmi ssion station's signa

onerQuirirRag $RNSING R&¥sest ati on sel ects an unused
frequency channelfroma Iist of unused frequency
channel's mai ntained at the basestation..ln t
Wheh:tlmebaaesistahoe Hetaets therpegacas) S@P%&fﬁ}é’ 't%ﬂ%‘ﬁa'g?a'&’ i s
sel ect ed, Nex in. r ; .
s Sen DR by et et v
is agl(l')bggﬁt?%d tastbhfergeemiseeeqdipemmé somevthanaavithin its Viginily. The
e
basestation then proceeds to broadcast control information, including a
synchronization signal, on the frequency channel from where the beacon
signal is detected (in this case, this frequency channel is frequency channel

B), in step 305.

When the affected customer premise equipment detects the broadcast of the
basestation on frequency channel B, it attempts to synchronize with the
basestation using the synchronization signal broadcasted. Once
synchronization with the basestation is achieved, the customer premise
equipment then sends the sensing report generated to the basestation, in step
307.

After successfully receiving the sensing report and determining which
frequency channel is affected by the incumbent user transmission station’s

signal transmissions, the basestation selects an unused frequency channel
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basest ati on broadcasts a frequency channel sw tch
command, for exanple, in the current frequency channel
wab@ra2i4h7 i s operating in (frequency channel APCT/862007/000119
wel |l as the frequency channel on which the beacon
signal was detected (frequency channel B).
frofUb e wfemusgd fitdguencyghannele maintainey at the hasestatioas In the

. its operation_on frequency chan . C._Fi,g., 4 shows a
upaierEn T06IG s SEAERG) STHHAIC SRR Bne of
transmtting data, according to one enbodi nent of the

invention. In step 401 , the custonmer premse
Neg{in prdsrtto peittb@itcustameeprsinmige gauipreent aparating imibe

sensin rocess he, cust ope remn '
cugengrdcy faanet IR R By SEheY s biop,309) the
ba§%§§ﬁd’ﬂ BeddiRasisad freuerld\ectiaiicd BRitcRicomrmand,dfor pxample, in
then perforns an initialization to set the index to
the tgrentftasuenty sbanoel wheyedl istapaiaiing i) Greaugncy chappgl A),

index to the fre J :
as ik R SER R BRRY GRART 1Bl g s8Rt
(fri vIohahREEBY. Sadsdquently, 1Ris,cognitiveatdin systemeambniinues its
step 403. Additi onall)(, in step 403, the list of
operatignantifeaurnityehanngl & ansnit the beacon signal on is
the list of unused frequency channels, which is either
obt ai ned through the broadcast information in the
Figi 48iadws baftsntiasit 408 descebingch firsb enttivelihantsf transpnitting
earlier, or fromthe_sentsifntﬂ proce[ss it had carried
data,aceardingfo ong embedipeBt of thetRYeNolyar d, t he nunber
of frequency channels to transmt on, (J, according to
the nunber of frequency channels on the |ist of unused
In Stepot@®h dje chsionegrprentdse equibmeant PesoENSs HisEENSEY process.

. : _ .
DU RGeS tiaTBce s the Eus BNy HRETR EhyBRi R RIGAR dighal
tra((; 'is]g‘eﬁ'oﬁ 5§ rEREGAbEAT usdranateniission stiorheacon si gnal

n or a broadcast signal fromthe basestation. If
t he broadcast signal fromthe basestation is not

det ect ' ] 4 i s -
SRR B E R e b RS & filwsashiosaithe
index to the number of beacon signal transmission, n, and the index fo the
frequency channel on which the beacon signal is transmitted, /, to the value

of 0 (in step 403). In this regard, a timer, t;, is also started in step 403.

Additionally, in step 403, the list of frequency channels to transmit the beacon
signal on is the list of unused frequency channels, which is either obtained
through the broadcast information in the signal transmissions received from
the basestation earlier, or from the sensing process it had carried out earlier,
for example. In this regard, the number of frequency channels to transmit on,
U, according to the number of frequency channels on the list of unused

frequency channels.

Next, the customer premise equipment generates the sensing report and

proceeds to step 405, where it listens to the frequency channel (which is
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expired or not. If it is determned that the tinmer, U,

has expired in step 409, the custoner prem se
weouwrpeaEst stops the transm ssion of the beacoPrCEHEGHAN/000119

(in step 4 11) and then switches off (in step 413). As

a side remark, as nentioned earlier, the beacon sjgnal
salpgted fier weramitiingtherbersioa signalian) fema beadcashsigpakigm the

regard to step 409, if it is determ ned that

b%%\l%tldr?r]er U has not expired in step 409, the

cust omer prenise equi pment proceeds to step 415, where

it determ nes i.ndex. to the nunher, of
I BresBG1RCERE SN TS (2 bASRRIANON [ npldloRa N §top 407, the
cu.%‘t&%hﬁFéh@@‘éqﬁﬁiﬁwéWﬁh@H mAhed Gcertheidher, ¢/, has

transm ssi on or not. If It Is determned that the
expiebortott he nunmber of beacon si gnal transm ssion, n,
is less than a predeterm ned maxi num nunber of beacon

signal transmission, Nf , in step 415, the index to
If ft@d@%ﬁ{e@%abﬁ%c%eﬁ ' tQ,'h’JHs éi@féﬂ‘h%ﬁé@ RO9Nthel Sustomer
incremented by 1 (in step 4 As a side note, step

prengsé eqb@melﬁlstqpamedransmissleﬂrﬁfrtbe Weecor signak(in step 411)
det er.m ned beacon signal transm ssions on
rgJ NetY! éﬁ@gﬁﬁ? %L?anel had been reached. If the
predet er m ned nunber of beacon signal transm ssions

had been reached, then the next beacon signal should
Apa sidermmat as neentianedreartiet, the)beaegn §I8ﬁﬁ‘é’l" kendesasibed in
mHeSBet% ?‘nrr%efﬁf%ﬂc[%ﬂ agnel s to transmt on, if
necessar ctuUstoner pren se equi prent
determ nes whet her the sel ect ed frequency channel
romthe |ist §|ffre uenc nnel s.to transmt
)

ABEACIOGHEP 409) ifitds el o 3} e timar, 1 has hptéxbired in
o887 p o1 S mh bt bl e

requency c

datermimgshwheather thadedehtn thier rummbeeot beaz:Mgls@IItmsmisswn n,
freguency channel. s determn ne 8 unus.ed f t he,

is gﬁ%sq@lﬁ.p :%/ pl;rﬁge ermined maximum num er of eacon sigha transm|SS|on,

N, or not.

If it is determined that the index to the number of beacon signal transmission,
n, is less than a predetermined maximum number of beacon signal
transmission, N, in step 415, the index to the number of beacon signal
transmission, n, is incremented by 7 (in step 417).

As a side note, step 415 is basically used to determine whether the
predetermined number of beacon signal transmissions on a selected
frequency channel had been reached. If the predetermined number of beacon
signal transmissions had been reached, then the next beacon signal should
be transmitted on the next frequency channel on the list of frequency

channels to transmit on, if necessary.
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an i ncunbent user may have begun transmitting in this
sel ected frequency channel. Accordingly, this
w@eoaineaeal step is perfornmed in order to avoiBCESG2007/000119
signal transm ssion which will unnecessarily cause
interference to the incunbent user, if present, on the
Nexd thet @stémen prensipe cogipmaent dxﬂesnm,s widtberihne selectat

iR oA ToL e B i5aCBagy shahietf 6 fEng in€beacon

sigted| Ny idede Idllyoh@osel ect ed frequency channel is free
ocall'y, the beacon signal is transmtted on the

sel ected frequency channel in step 421 . Fol I ow ng

In 6 Fonu B Bl e Me EuBih foRIRO B b 5o T ety
chatnneﬁlstktillﬂfrﬁ[isédcbréé‘emlyt ltenagbeche dabe doptefromy tlwan'reeﬂhe

is not free locally in step 419, the custoner prem
selefried ﬁ@ﬂuepﬁbela@melwssﬁetemmd g Bnyspd ﬁoﬁﬁepr%emtﬂ@ne

o] FEEHERRY SEPYAS 08 A ARER B et Fouenoy
chamaeh Wdeerdinglybthis additiogaladtep nsapem')lsme@ in omler i aveidet

to the value of 0. |n other wq thenxt frequenc
S'Q’F?Aﬁ??élsnﬂﬁs'%Mh'?'&W"E‘F”W@C@&é@HQ’W%ﬁQH ?“%QF%‘P&H%m%/

m@ur}nbéntsl%enrcﬁ?% an St SYERESBRle B gf&g%;gg'&%ﬁhel rt\s such, this

transm ssion "the nu n si

additioreatistap isrmnlyantoptionék stqpémihis ehzahmhhen’soﬂ thietineentiosd
to L/ (since the index n will eventually count up to
Ni). Next, if it is determned in step 425 that the

Furﬂﬂeth é’reb a8 of ey YetrntiRéd ﬂeét the séd@c@év trequéesctiannel is

ignal is transmitted, /, is |ess than the maxi num

fremmeHy dhe heagae signat iscinarsmaitied an ﬁ\$s$ﬁ|e0t@d fregueppgn

chApef <Rz O Ra R TR e RIGTEE BRaRE Skt .,
proépedd bacietd $tepsioseior Mﬁfdrgﬂb@@bs‘mgaquency channel to

ensure that it is free Iocally before a beacon si gnal
is transmtted on it. is determned in step 425

[Bb(’ﬁé ot Hapde itig d%'f@mﬂﬁ@&‘ ﬁgpﬁ(ibfe %E%&Tb‘ﬂ fr@ ﬁ]éﬂ?’\%l is

eacon signal is transmitt I'S not ess
natﬁvdmtonalnumt&tep df1 of trmq:um’mmec peemiskesequipmenhgroiceeds fo step
42% V\t/hherg trt\é‘ fhdex % toIhe fre%hgrrpcf ghgrculnel on w}uch the beacon signal is
transmitted, /, is incremented by 7 and the index to the number of beacon

signal fransmission, n, is reset to the value of 0.

In other words, the next frequency channel on the list of frequency channels
to transmit on is selected for subsequent beacon signal transmissions, and
the number of beacon signal transmissions on this frequency channel is
initialized to Ny (since the index n will eventually count up to Ny).

Next, if it is determined in step 425 that the index to the frequency channel on
which the beacon signal is transmitted, J, is less than the maximum number of
frequency channels to transmit on, U, then the customer premise equipment

proceeds back to step 419 for further processing. Basically, a further check is
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proceeds to step 427, where the index to the frequency
channel on which the beacon signal is transmtted, /',

WO 20078337 t 0 the val ue of 0. Foll ow ng which, PE&ESG2007/000119
custoner prem se equi pnment proceeds to step 405 for
further processing. This nmeans that the sel ected

perfbiaad ehieyhewipsaleictédsfregeericyr aitaninet truensyredhaiihis frem

the list of frequengcy .channgls ta, transmt . As |
locaily hefiererd %?QOQE'QHQE%JBQ”S@%E?SQE‘ et thme cagtomsr o9

prem se equi pnent would transmt the beacon signal

again in the unused frequency channels, which it had .
If it i deterireedn step A2 ithatshe index te teedeeausnsy chaapelgiswhich

asi cal | sed to determn : 'rﬂlmé{m
theg’?af’?%&@\#? %m@@ ’f’érg PSQ%%%%W?‘@S%&% S|ugna S r
frec?)én@ﬁ‘i’:hﬁﬁﬁélsﬁ@@@h%ﬁﬂt oih, U Beraké customurpremise equipment

requency channels to transmt the beacon signals .on
probeetisniot stbp 427, where the indexite &%&%ﬂug%%@?ﬁmeg R which the

beai’:ﬁﬁurﬁli@q]atll gﬁ Pr@ﬁgmﬁtfeg{? ?,g‘% ?%seé% 19hd UQIU%%tO. FoRGWRRLWhich, the

_ _ requency channels to transmt
custmeRBtdthiBE RGUATAEE roceédptatéiép 405 fohéurtherguoeassing.
signal fromthe basestation is detected, the customer
prem se equi pnment then proceeds to step 429, where it

Stops t a 1SS e i
hig FRgenn 08t b DR Rutney BhaRRBARIE e Hequehc) BRannd
on ﬂ’lfegﬁoétgﬂﬁﬂexqggﬁw ghﬂnels m%l Eraapmit:l?. Astlengiasdhe tiger; &, ﬁas
a an i
ol ok S ol o b R g Ee oor
sig@%lgéeid[ilgﬂf{ﬂeyund & Shaphekawhidpihblaransmitted on

on ncludes control information as well as a
previousiy. oni zat i on signal. The custoner prem se equi pnent
uses the synchronization signal to regain
synchroni zation with thebasestation, after which it

AsTBidé Petk, Istananh is basicamesatd égtermiricowhéiher the maximum
basestation. In step 431 , the custoner, prems
number phisaguencyehannelsitasisarsmi the.peaeon 6'9gﬁ§ on hiad been

rea%ﬁ%ﬁéﬁié% %%)@ﬂ gfrhrﬁu%%‘é%%&é{u%me%o%@nﬁ B

rom
beacon signals on had not been reached yet, the next beacon signal should

then be transmitted on the next frequency channel on the list of frequency

channels to transmit on.

Returning again to step 407, if the broadcast signal from the basestation is
detected, the customer premise equipment then proceeds to step 429, where
it stops the transmission of the beacon signal, if the transmission of the
beacon signal had not been stopped previously. Further, in step 429, the
timer, t;, is also stopped and the index to the number of sensing report

transmissions, m, is set to the value of 0.

Additionally, the broadcast signal from the basestation includes control
information as well as a synchronization signal. The customer premise

equipment uses the synchronization signal to regain synchronization with the
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t he basestation was received earlier. In step 433, the
custoner prem se equi pnent next |istens for a signal

W0 p@nazd48si on fromt he basestation in responseP€DSGHO7/000119
sensing report transmtted, on the same frequency
channel on which the beacon signal had been

basdtaASHT P HRsH it inedy thich tearsingin e sensirg edpastitaithem t he
asest’ati on and the signal contains a decision (or a

basesiatiemd) of the basestation in step 433, the customner
prem se equi pnment then perforns the necessary tasks
according to the decision of the basestation (in step

In step™31, v thstomerpreinise é@dpmient iransmite & QNHINGEEERMREIO

t b d t | f th b
the b e B T o R Bk a0 G it rom
the g%g@gﬁ%e%gpg@é}{, dasrieet to receive any instruction
e

ClI'Si on t he basestation, it then sw tches
off (in step 413) If no signal is received fromthe

In sipuA Shvine CLRBISBELeR coy Rl STRE R S fgmel o,

BEpeis tdmssnrrsmg)mmﬂ s
tra“%ﬂ“éﬂgggjgﬂﬁ% gse}%t? er2'94399@'? T the |ndex t

transmitied, arf tmaesama frequpoey channg) mrs\yh@hghe meapgn Slgnal had

determgg ﬁ be not | ess than the predeterm ned
been transMigpd S8R Mg report transnissions, /V2, the

custoner preni se equi prent proceeds to step 413, where
it switches off. On the other

8 a:l) dex tg. .
If atsignahisteeeivet fméhﬁ@aﬁ@g@p@nlapaﬁ ?nsé%’] ﬁgn s'a decision
(or gg;tpgrr\ rﬁ]aﬂ& g%fgtﬁe he b&ifiohNA %téﬂ‘ﬁa@ rtﬁ@%&{)ﬁ]@ﬁﬁrewgb er of

transm ssi o 39, th

eqUipFEATBen e TOre s taqmamesarynasmed@rﬂmgstpébe gcisiqn of the
further processing. Additionally, it can be seen that

bagestationstinsiep $¥9m se equi pment transmits N beacon
signal s on each unused frequency channel, when
avai |l abl e. The purpose of transmtting NL beﬂ:

Fushemil steprtasaiftit isrdesennined dualitbe bepaderst signal from the

basestation detected earlier has been turned off, and since the customer
premise equipment has yet to receive any instruction on the decision of the

basestation, it then switches off (in step 413).

If no signal is received from the basestation in step 433, the customer premise
equipment then proceeds to step 437, where the index to the number of

sensing report transmissions, m, is increased by 7.

In step 439, if the index to the number of sensing report transmissions, m, is
determined to be not less than the predetermined number of sensing report
transmissions, N., the customer premise equipment proceeds to step 413,

where it switches off.

On the other hand, if the index to the number of sensing report transmissions,

m, is determined to be less than the predetermined number of sensing report
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Is to ensure that in each unused frequency channel,
the basestation has the opportunity to detect one of
w0 b@ga233encon signals during its out-of-band sPCEBGL07/000119
periods. Wth subsequent interactions and signal
transm ssions, the basestation is then able to proceed
transmissns, &l i step d39ethencustemer premispaauipmentroceeds fo

u em s pmrent. Fig. 5 shows a flow chart
stegﬁ%@%wﬁ%qrrpdogesﬁ%@t embodi nent of recei vi ng dat a,
according to one enbodi nent of the invention. In step

, the basest atl on Berforms an out - of - pand ,sensin
Adpitopetis I san Bo ept Qtd 6 QuSirBer BISHHEP SPYIPRRN A SET BV

f
beéﬁ(ﬂiéﬁﬂﬁ %@509 Nanne gﬁ%ﬁ«%} ste dég@g@@@gg%fadql%zﬁt\%
puigtel dfftrzmmhttmg Mbbmcrwds@uallsrtm ¢dieh onsest ﬁreqmncy channel
s tocanaara At 6oeh Ustsed FRGUBASE GhaRTia) 16 CAES oo s the
opfngrf't S&&é&tsohiéf ﬁﬁ%e YeaRBAG dh’é?@gﬁﬁﬁé fts %Dt-@%bh@'

requency Shannel wher e t
sensihglpeirlode Wetatsubsquelaﬂ mtmacinimswmcédlgeaﬂlramm@m@ the

oageioh b AT el SRR RE0NE 138 ahShG Poodror
thé 5@& @%@ﬂ&# Wﬂ%h? the nmulti -tone beacon si gnal
was et e ear

ler), in order to receive the sensing
report, accordlng to step 509. In the case where a

Fig: Bi3bod skt o0 HRscate L AP eibfCel e ITL 8,

ac&&‘n@hﬁ&’ﬁi@ﬁé BmbRIdirh &6t SfaaBiihvertionadi o systemto (step 5
a decision is made, the basestation then

broadcasts t he deci sion made on the current operating

i S Mo RS sl Pl S ind erafpcasunsy
muliitend Baca bigaal isirot sletgrtsd i stEipes0t tban Hid basadiation
st ops. t he broadc t of control inform

upgaiesots ksl unbs ﬁsyeewéﬁh%nn%Qnest%@bﬁﬂ?wor?m% the
infBRASH 88 SbHMd YEnPid d@LoDIARFSEMIRG pRRoGRED) . [N Lhi s

regar sensihg report 1s not received, then the
basest ati on

If a multi-tone beacon signal is detected in step 503, the basestation starts a
timer t,, and starts its out-of-band broadcasts of control information on the
frequency channel where the multi-tone beacon signal was detected earlier
(step 507). In the meantime, the basestation also listens to one of the out-of-
band frequency channels (the frequency channel where the multi-tone beacon
signal was detected earlier), in order to receive the sensing report, according
to step 509.

In the case where a sensing report is received, the basestation then makes a
decision on which unused frequency channel to move the operation of the
cognitive radio system to (step 511). If a decision is made, the basestation
then broadcasts the decision made on the current operating frequency

channel as well as the out-of-band frequency channel, where the multi-tone
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continues wth step 509, until a sensing report is

received or until the tinmer expires. If the tinmer 2
wezprnerd7 t hen the basestation stops the broade@ssGmio7/000119

control information over the out-of-band frequency

oSN AL JLREIILLIER T DEOERS Il e i Rk Sops

thextaopticastiof cehtrolsiaforimation@veraRdbiesitbaid frB§uency channel
nvention. In this enbodi ment, since the nmethod “of
W@?r Rinuitirigne heasen sighal Masmarlierdetesipdstepdlf).
nmet hod, the beacon signal is not required to carry any
data. Accordingly, a sinple tone signal nay be used.
InHbiseregard, & = sensing repert & Wotakceived atidnythe Paekatagienand
detected, In this regard, .there is an element of
%’ﬁ'@&?? Wit sfen oumﬁ'eﬁ RRNSIRg EeRGMh iR recetyied afiugtiihthe timer £
i i y q D ot vi
e e SR o e HRTRRR, 00k e Bdsest
caE rrrationonthe eut-eibahd freguency changdlaviigreehe multi-

Lgnal may also be wsed for jamm ng signal
toﬁ{e%%gﬁ?ggggﬁéyvalsrga(rﬁgrséiqt@@tgpd?gﬁ? ing signal may be
wongly interpreted as being generated by a
.comuni cation device of the system and this further
Figg8 shewsrediggoan afam ¢xameple sigre usedtiy onEwnbetimenhof the
: \?‘.rﬁ |l e tone signal generated by a comruni cation device
m% %H : ni cat :
0 é system may end up accidentally jamm ng signal
transm ssions of other nearby comuni cation devi ces.
Therefore, in order to avoid all the above nentioned

In dhis eghadimgniy ginge theraethoghefi transmitting the seneing report is a

. et 2l o

o B U BB, B beoh SRS obf R to vy datgne

Acsoglinglymagirpledbae sigrengeay peusedi cal ly in order to
further reduce the probability of it being detected
wongly. The multi-tone beacon signal shown in Fig. 6

HoWVrS4 Sirfle forfd $15AAI i ' i
ent i rre f lrr‘e@]zqeuency gﬁgldﬁéagg%gggmgﬁ?%(? gaﬁéeﬁﬁﬁ?@% Iﬁ%g@q‘egard,
therede n elemeat of unchrtdiniyastly winkthet thes singlectone signdl one
reé‘éi\%@’ssgeaﬁerated by a communication device belonging to the cognitive

radio system or by another communication device.

Furthermore, a single tone signal may also be used for jamming signal
transmissions. In this regard, a jamming signal may be wrongly interpreted as
being generated by a communication device of the system, and this further

add to the above mentioned uncertainty.

Further, the single tone signal generated by a communication device of the
system, may end up accidentally jamming signal transmissions of other
nearby communication devices. Therefore, in order to avoid all the above
mentioned pitfalls, a multi-tone signal is used in one embodiment instead of a

simple tone signal.
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predeterm ned frequencies. In this regard, the power
| evel of the tone signals is not of particular

WO edoem2:ge to the nulti-tone beacon signal, asPCDSG200%000119

the power level is above the detection threshold of
t he basestation receiver, for exanple. As nentioned
Adelitidriadly,, themmmsitmraofmherrauitmtpnefsugra‘l enay be also ¢hamnged

ol iP5l P e SR
wréﬁgﬁ/' $he n%ltl%né Ba&ton glg;n@l sHEWE il PRE 6&&{@&@ of Bi @urality

| ow di agram 7 descri bing a second
of malgnebtsp@nntngam entite figgurney channebbandwidéh.ddieamulti-

tord BRAF T SihRl SUBIRE Hy) TP I hresgRigh Y il Pimelti
prédétefrhindereduanties. I@thl&W@j&ﬁ'bytl'@ g [eveieofrthditone signals

systen1 conprising a first conmuni cati on devi ce and ﬁ
is Q@t:@frwafb@ﬁﬁ{lFﬁ'@%ﬁnc‘@md@@l"%@t”@% bgeean §ignel asieng ps the

IR ol b DRI et o

s affected due to the signal transm ssion of a
nearby third conmuni cation device. In this
illustration, the first comuni cation device may be,

A#ﬁﬁenﬁégﬁ%%ghﬂe | thedefrf ?:Ilﬁn%/‘?ﬂ‘efe @Fsecﬂ‘da??eééilfwe'ﬁ?rﬂﬁ@re of

secon ni cati on evi ce na be,
théitemisstonwttich itme sa|d teom mapahmttlattmle confext, thganpltidonghe

third n device but is not limted
signgl CQHS'iS{g"?#nrﬁfj St?%’@rortmg ﬁ?‘éﬁ'@?@@c ation, for

exanple.In this illustrative exanple of an enbodi nent
of the invention, upon realizing that it is an

Figf 7@ht)ws a:ﬂmu dingrapr 609 deserihing sesacondiambedimsing of

L B R o SRR el oo

inGatgioprer prenlse equi pnent may choose to determine the
list of the unused frequency channel s using
information it already has. In this case, the |ist of

THESSS o iRBRRSY by HEN?!iS sitmidrdo RSt ated if FRABENCY
whereby a cognitive radio system, comprising a first communication device
and a second communication device, operates on frequency channel A, with
two frequency channels known to be unused, B and C, and the first
communication device becomes affected due to the signal transmission of a

nearby third communication device.

In this illustration, the first communication device may be, but is not limited to,
a customer premise equipment, for example. The second communication
device may be, but is not limited to, a basestation, for example. The third
communication device may be, but is not limited to, an incumbent user

transmission station, for example.
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channel s, nanely, frequency channel S and frequency
channel C. Alternatively, the custoner prem se
weouwrpeast my choose to scan all frequency chedmeéz07/000119
within the frequency channels of interest, in order to
determ ne which ones are unused. Accordingly, the |jst
In #1is illustrative esauelcy’ amembedimest of thierirenioNagrenrealizing

B ARl STbiotn e TS bRty PRI ARERERS
equpthest Bt détegaindseslist of thdupbsed frefaehayoctmmretaiches
menti oned above is used, the custoner prem se

equi pnent sel ects a frequency channel fromthe |ist of

r . j i
In $]¥38arc i GRImER BRAFleE odufhBft e tToog g Boric the
IisscbfeuheﬁﬂﬂJsedtﬂm]uamgy cEannelsemir@irmm' ai'ramﬁ algeady hagdndhis
sensi ng . report then transmts jt, on frequenc
caghatedtt o hsUsed FenueRacippnelsrweulsbue o o gadeny |
chQﬁnQ%?ﬁéHé ,fﬁé@u@ﬁ&%cﬁ&ﬁﬁél'B ah8 ffRudhtPBhbfndli@. 8. As
a side rendrk, the beacon nessage used here may be
different fromthe beacon signal used in the nethod

A8 Bl A e oSS
fre:cﬁn f B¢ %héﬁﬁelgfﬁiﬂrin Yﬁée{réaéeﬁéiﬁclﬁﬁ@moﬁﬁ@égt? ineRErier e

udes the sensing report.” In step 701 , the beacon
deterssing a¢hich enesate uuus¢s§ rAcadirdinglyy theolist)af upuaee fregtiency

chpiag sty aRE et ol 08FRRRRTUERtY heS iR ERhER "Deen
fréimhcy@hhhﬁe@,eé@@bm@afécﬁwmrecefam@ram&ationmapFwach.
frequency channel is then selected fromthe |ist of

unusedfrequency channels and NI beacon nessages are

3580560, RRcidBeS8! ARy HEE oA henTlh e
is Ubed htheasstdrmenpemisd eqaidneetiestlidcte aueequenchamaehel from

i 15 e Pl Srvot PR S RSP 7

fr 'déncgghaﬁﬁénez;Yseséeat_easesponse- Accordingly, the
custoher prem se equi pment then stops all transm ssion

after repeating the
Next, in step 701, the customer premise equipment generates a sensing
report and then transmits it on frequency channel B as beacon messages.
The beacon messages will be described in more detail, in relation to Fig. 8.

As a side remark, the beacon message used here may be different from the
beacon signal used in the method illustrated in Fig. 3, for example. The
beacon signal used in the method illustrated in Fig. 3 does not include any

data, whereas the beacon message used here includes the sensing report.

In step 701, the beacon messages are sent out periodically for Ny number of
times. If there is no response from the basestation on frequency channel B
after Ny beacon messages have been sent on the selected frequency

channel, another frequency channel is then selected from the list of unused
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above nentioned process for /V2 nunber of tries, for

exanple. On the basestation's side, if the basestation
WO g00ni1t3PN range of the beacon nessage transn BSI/86G2007/000119

the basestation will be able to detect the beacon

message during its out-of-band sensing process. Upon
freduemcdehanhéieraraf Ny beabemomssages age sent agaip ondhe selpsted

fre%ﬁ{?;;fg%%hggg ﬁ}?@&@)&égg gé?g%teggqi&ﬁg@rq%gpﬁ% ?sclte%glved from
the\ﬂa%betatn)sn ol BiclissbatieRiichbEBhanRgIeeds to decode t he

beacon nessage in order to find out which frequency
channel is affected by the incunbent user transn1SS|on

o BRI BB 08, 1
cu%@i@?ﬁ?emisb atjuipmuat Wil rébsive biny r‘egpmm:cbhhngiyxﬂm

con nmessage. After successfully decodlgg t he g
cus’temgageemtsneemegnbthe@rst@ré?r @&trgnamlmé £

el ReRie? B ess Tr N cRiERE R i #ﬁ"ﬁ%’f@s??i o

shown in Fig. 7, frequency channel Cis selected.
Next, in order to switch all custo

Onéhalh@ﬁ@ﬁ&aﬂ@bér%@ﬁ% EterBaseptation Bt EtenasiNerbsacen
megggégﬁ'gﬁglln? r da@é %%Qggl‘él’ ARANBElablé Ld‘défe@;?théoééado‘he

|on casts a re quency C annel swtch

meseag@adring its wt@fqbiaad semsinigeproces@ dpdn mﬂeteytl@haﬁﬂf@l

where it Is.0 era fre uen chan
beaggn MessagR i f@a 3*\% Ea% 9&’?%% B@?E%% an
affga% st hﬁéé% u nﬁéﬂ%ﬁé}@ﬂﬁlﬂhn% vicinity. The
sequent I's cognitive radi o system continues
basestathmatrm pmceed$ tedeeors thehkeansn wessage B eHento tpd out

e | e beaco n
RS ST S By Bl 8 5P By i
sta@n%ﬁ%féugﬁﬁ t?ar@srnﬂééi'@hg IBGhe @VEnBthae fise bgsastation isd@ableé ko
order To make the beacon nessage det SCt abl e despite
decorde hecpr@sent beacon message, it WI|| wait and then try to decode the

next beacon message.

After successfully decoding the beacon message, the basestation selects an
unused frequency channel from a list of unused frequency channels
maintained at the basestation. In the illustration shown in Fig. 7, frequency

channel C is selected.

Next, in order to switch all customer premise equipment operating in the
current frequency channel to the selected frequency channel, (in step 705) the
basestation broadcasts a frequency channel switch command, for example, in
the current frequency channel where it is operating in (frequency channel A),
as well as the frequency channel on which the beacon message was detected
(frequency channel B). Subsequently, this cognitive radio system continues its

operation on frequency channel C.
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ot her communi cation signals and noi se, the beacon
nmessage may be designed such that the preanble 801 has
W@ eowe/12Blber m ni stic properties. For exanple, tPEr/SG2007/000119
preanbl e 801 nmay be, but is not limted to a
pseudo-r andom sequence a Barker code or
Flgsé shewsAnexaBRighrRacoNdTessage 80&ysed @bg@e eghediment of

(ﬁq% r exanple). Wth regard to the sensing report,
th%he gne'fﬁgr ation of the sensing report 803 has been

dlscussed earlier inrelation to Figs. 3 and 7, for

exa Fi 9 shows | ow di a ram 900 d ri
THo XM BledAtoB T ousa0s Eh P HeS e eampe UL &g %3%8'“9
re? kB0 3accord| ng to one enbodi nent of the invention.

e scenario illustrated by Fig. 9, a cognitive radi o
system conprising a first conmunication device and a

In o PARE e GrecT mSbads affEnile Serblle vir B et
otH@Mé@rﬁann%ﬁ#@ﬁ%fgﬁlé‘%ﬁ@' roide! rthe 'b@ab@ﬁ mésls@gbrrﬁéy N
shown in Figs 7). Accor d ngly, first

d&sagﬁﬁmsmﬁhehth@epreemtda@m HaasSmadiethmmnﬁtle aropsities. For

g ErBAmBL 807 Fady B BT BRh A8 R, 4Bbdyaq-pando
sdduevstf & Bapieri ddbdei ¢r-a Ese@do -AbReguientd ($udteas a Gdldddde,
cormuni cati on device begins its signal transmssion in

a Keggnibrege.daaaXaMPI8)- Due to the interference resul ting
fromthe signal transmtted by the third conmunication
device, the first communi cation device | oses

With mepantozhe isensingtrepd I'tetheegmm‘an@mﬂmecsﬁﬁm reporc803
andlsthusa aj}fecte % ra

erpdigcy ey r R84 7. FOEe¥3PKn i n
Fig. 7, it may al so be that V\,hen the first
conmuni cation device is swtched on, it discovers that
Figh@rshows axflowdiagtans 900 deacm'lbieg selbird ersledionsint af | on

waii Elboet s REMY St arcitiing Pind SREERligH She
ing&EmI cati on device, and nay thus conclude that it
may be an affected

In the scenario illustrated by Fig. 9, a cognitive radio system, comprising a
first communication device and a second communication device, operates in
frequency channel A. However, it is known that there are no other unused
frequency channels (unlike the illustrations shown in Figs. 3 or 7).
Accordingly, the first communication device and the second communication
device carry out their communication and data transmission over frequency

channel A.

Similar to the illustration in Fig. 3, at one point in time, a third communication
device begins its signal transmission in frequency channel A. Due to the
interference resulting from the signal transmitted by the third communication
device, the first communication device loses synchronization with the second
communication device, and is thus an affected communication device.
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comuni cation device. In this illustration, the first
communi cati on device may be, but is not limted to, a

W@ e®romEs7 premn se equi pnent, for exanple. The BEDSGZN07/000119
comuni cation device may be, but is not Iimted to, a
basestation, for exanple. The third conmunication
device may be, but is not limted to, an incunbent

Aﬂéﬁati?élg”ﬁ%%?ité’ﬂwéﬂlééﬂ'{é’tfbn fnon@gevamao ?I'sp ﬁghl"h%‘f when the

Jillustrative exanpl e of an enbddi hent
firsheemmunicatignodeviemls switahedhen, if discovers thdtfthetesid no
t he ,cyst one

oA RrE SeCol Epibieaton asvice SRk AGRIBaY, the first
comAfUMERIONCEVIGE Issnot 2tk o Mﬁ;h?m%% id e Ssbdre unused

frequency channels. Next, in step 901 , the custoner
cyrnetinicationudgpies angenay dusscendleds thag itrrepy be amalfedied

1] [ its last known operating frequency
Ccrhgﬁﬁ]érga&%ﬂh({eélﬁ&'n this case is frequency channel A, as

beacon nessages. The beacon nessages described earlier
inrelation to Fig. 8 may also be used in this
Indhisolfvsteations the fisst camerinieationndevice oray be, butrds nat mited to,

' . . i SSi t n S
@ SR bmis EalpaT P slrble, 1, AR ARERph
déviee e eiutiginsinlirmged to, Eob&destatitd], fof exdigplelThe nkiFd
rem se equjpment. In this regard, it is noted that
c rﬂ@%%ﬁl@ﬂi@'%mav h%buta@awﬂmf@s@gég iRguUrBbeI Usei gh
~5:Sd+ O will inevitably cause

tr%%ﬁﬁgﬁgﬁﬁ@ﬁﬁﬁéﬁ%@ﬁg data transm ssions within the

coghitive radio system as well as causing

interference to incunbent user deyices. However, in . .
gl Spiebnio G 26, aed iprs of b inveDlon g fedlizing
thay R i Eh affeetddl QULEthEP Préthisk Wduistheht) 158 EEEBRES Promidee

i ncunbent user devices is noreinportant. Accordingly,
equiemenhficstidstararines a ligkofdbacwised Seenyencpghaheelsi and finds

nEPBENT A0 WAUSEE1eliehfly (AT GBSy S0 [ the customer
prem se equi pnment transmts the beacon nmessages

Next, in step 901, the customer premise equipment generates a sensing

report and then transmits it on its last known operating frequency channel,

which in this case is frequency channel A, as beacon messages. The beacon

‘messages described earlier in relation to Fig. 8, may also be used in this

embodiment of the invention.

Additionally, in this embodiment, the transmission of the beacon messages is
carried at a power level at least substantially near the maximum transmission
power-level of the customer premise equipment. In this regard, it is noted that
the transmission of the beacon messages at such a high transmission power
level will inevitably cause collisions with ongoing data transmissions within the
cognitive radio system, as well as causing interference to incumbent user
devices. However, in view of the basis of operating a cognitive radio system,
the prevention of further interference to the incumbent user devices is more
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continuously at this high transm ssion power |evel,

for a predeterm ned duration. In view of the reasons
worenwritzaded above, the predeterm ned duration sPOUBG2002000119

as short as possible. Neverthel ess, the predeterm ned

duration should be at |east sli ghtly | onger than the

impBﬁéhﬂ Gbld‘cokdln@@nmmm@siohtcﬁrm@bee&om ecdsages bytthefirst
so that the basestation is able to detect the bea acoN
commuaicatiensievisadn Hhis CRES iMalh R §oBEIHereRas ﬁt@?@%‘l‘@ °
Additionally, in step 903, after transmtting the
reS@eacon nessage for the predeternined duration, the
custoner prem se equi pnment then either stops all

T iailons
corﬁ@ﬁé@%lb{% tlfné REM r| o Hbowéf‘l%vgfi%;&sé éfédb‘ﬁemlhéd

con ts in-b sensi ng,.
dur‘éhomnl\newtoéméaﬁéasohs rs¢rtforedzabaye, m%p@degerﬁyn%ﬂgratlon

d f
shald becsilip e Bossin: N&verne bSs: B TR SR traBtn
shcﬂn&l b%"&tﬁ%é&&%ngﬁﬁy fong®r thdm®eqRavdid Nﬁbémﬂssmﬁmglr&mvm of

ases its service in vicinity of this basestation)
the%atsast&ttanv sbyhattthe kasestation dedhls t@aiet@ﬁ thepieggomify at least

e its transm ssion power sufficiently such that
onq?p ﬁﬁ'&r@ﬂ‘é%‘?w %I 8‘52 interfere with the signal
transm ssions of the near by i ncunbent user

transm ssion station. It can be seen that duri ng the
Addmbaailwem ystaph@% qf@ntwsm@ﬁgtth@ bsasen mersagsdesing

nsmt I
A Sl PRI BB v
traH§tﬂis%|cﬁ1% dVBévlntcﬂt%sthE cogni ti ve radi osystemis

relatively high. In view of this, a variant of this
enbodi ment i s devel oped and will be discussed in

Ondfggaﬁd U difdn e‘*gdel ncE ittt bdQca RS sagé ivverstiinaeopéiting

cri b ing a fourth enbodinent of transmtting data

freqnencyecannielghedtasestatioorwil igteds toisdaasapduiastitsin-tand

i nventio
sensing, as snown in step 905.

In step 907, as there is no more unused frequency channels, the second
communication device may make a decision to stop all transmissions and
switches off (i.e., the cognitive radio system ceases its service in vicinity of

this basestation).

Alternatively, the second communication device may reduce its transmission
power sufficiently such that its transmissions would not interfere with the

signal transmissions of the nearby incumbent user transmission station.
It can be seen that during the relatively short period when the beacon

messages are transmitted at high transmission power levels, the amount of
interference caused to both the incumbent users as well as the cognitive radio
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The scenario illustrated by Fig. 10 is simlar to that

illustrated in Fig. 9, whereby a cognitive radio
w@yBrRm49TONPri sing a first communi cati on devi PET/SGZHOA000119

second conmmuni cati on device, operates in frequency

channel A, w thout any unused frequency channels, and

systrm s refativelydion: aviebnoidbis. eevasiend pbthisembedineniis o
. et ) 1 d
AR Wi e BRSSPI 18 on, the first
comuni cation device may be, but is not imted to, a

Fige A 3FRis?d B SEadi ot RTD beolling SIORHE ermmeiRen s
trdRSRIRY 48 antdecBN PPl &a, lgasorhmcgtt%o&%@ﬁ'.ﬂbemﬁ RIbf the

device may be, but 1s not [imte an i1 ncunbent
invergion. r ansmi ssi on station, for exanple. In this

illustrative exanple of an enbodi nent of the

i nvention, upon realizing that it is an affected

THaISESHERTO INUKFAIES by FigPTB M sinlil2p 16 USdtNTRAraEETH FRY. 9,
equi pnent first détermnes a list of the unused

wheregy eéneggnitiveniagias systam, Compsisinga firdieosmmenigatiomdedde

ar] § SN iRl Eioe ShetalRaf S tuepty EnghiE oher
witHan simytuhused Freduedicy 2hn KV an@ RS Aifst BEminti@fc&isHydevice
channel, which in this case I1s frequency channel A, as

basemesatiecied gus to the sigeal Bansmissioneel ansarmydbitdear | i er
' i Fig. 8 may also be used in this

Cd@w@%‘ﬁkﬁ@?@&ﬁ?he invention. Wth regard to step 1001
, the custoner prem se equi pnent transmts the beacon

K I T
a b@t8RTer PéRisEEqUISTeRd ifsr éiﬁ?ﬁg%. TREREnY %ﬁ{rﬁ?@ctg@on

the basestation, so that the basestation is a
deyigeemaythes bbbisowt linnitest tol, adstsestadionf farrexampléahke third

ensing..Lnterval s. The, power  aof .1 beacon ssage

oo R RRaR SR VER sty BBeoBES Fot Snelio B AP A8%E are
traafsnibéibn atibn!, &5r Henpler mal  signal ing and data

transni ssi ons.
In this illustrative example of an embodiment of the invention, upon realizing
that it is an affected customer premise equipment, the customer premise
equipment first determines a list of the unused frequency channels, and finds
that there is no unused frequency channels.

Next, in step 1001, the customer premise equipment generates a sensing
report and then transmits it on its last known operating frequency channel,
which in this case is frequency channel A, as beacon messages. The beacon
messages described earlier in relation to Fig. 8, may also be used in this

embodiment of the invention.

With regard to step 1001, the customer premise equipment transmits the

beacon messages continuously for a predetermined duration. The
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As a side note, the difference between this enbodi nent
and t he enbodi nent described in relation to Fig. 9 is

W0 bav/1t3ae7 t ransm ssi on of the beacon message i BCT/&G2002000119
out at near the maxi num transm ssion power |evel in

t he enbodi nent. descrjpbed in relation to Fig. 9, o
pr@ﬁ@t@éwqméuwlaﬂsﬁiepw b ableashslightlydengertban glae periodic in-

- _ oo 1 _
o4 fima ol S (RieERiioh SOMIAGHL Bagggkon i Hbte to”
deteetrthmilidzcog in btldashoe ofrties imglearid sending inteckedse Miensaiver
ot 315 FealPh miRRCH LORGESIOR Sbaricire ol Gost seppiangally e same
aPFRe 8584 Fthe ridreal si@hﬁﬁr@g tbﬁg %@%ﬁsm i s sent

in the operating channel, asestation w Il detect
this beacon nessage during its in-band sensing, as

h ' 05. | t 007 . th [ )
AS A S Pt HEE ARG s i PERR NG HaoBdme ahc By Salient
detefibet om rdlatiGh RPFRY. |9 ik eI RATsSDH of thd BE&SorPessage

(i.e., the cognitive radio systemceases its service

is cariactowi atynegr the meximuestransmispionpawemraveniaitye t he

oA BB AR 3, TR i of e
baatoarrhessagl isltairtied sutatahedrrormal #ahomissidn pb®et verin this
comuni cat1 on device nearby. As a side remark, it can

erpRodigents hat the basestation operates in the sane
manner in both the enbodi nents shown in Figs. 9 and
10. Fig. 11 shows a flow chart 1100 describing a second
Additiorchllyeint step 1003, dftentradsmitting thedbeadarumieksagd fudithent
to one enbodi

of transmtting data, accordin di nent of
Prefeeri i SRION (a5 orgn DreTTine ASRTBRRHNGR GlNgEStops all
ireAHiBEBAS PRIIEREB offt S Sensi ng process. During the

sensi ng process, the customer prenise equi pnent

detects a signal transm ssion by an incunbent user
L. SSi .station.  The.custoner premnse \ pnent ..
O f35 B et S S, Alice e HRAthA e il s agnt h B Bperating
channel, the basestation will detect this beacon message during its in-band
sensing, as shown in step 1005.

In step 1007, as there is no more unused frequency channels, the basestation
may make a decision to stop all fransmissions and switches off (i.e., the

cognitive radio system ceases its service in vicinity of this basestation).
Alternatively, the basestation may reduce its transmission power sufficiently
such that its transmissions would not interfere with the signal transmissions of

the third communication device nearby.

As a side remark, it can be seen that the basestation operates in the same

manner in both the embodiments shown in Figs. 9 and 10.
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index to the nunber of beacon nessage transm ssion, n,
and the index to the frequency channel on which the
whercomiaessage is transmitted, /, to the val uBCDSGB07/000119
(in step 1103). In step 1105, the customner prenise
Fed pnent determ nes |f there are unused frequency
ol s fowabed T dostinngaseon st IB0R A ird

ehbBbrsEht I DIRAMCERbolMEH TR iR n*ht@in%;h%ta%'egf&@hﬂln% to one

transm ssions received fromthe ases on ear
embodiment ofiéhe iventign.pr ocess it had carried out
earlier, for exanple. If it is determned in step 1105
that no unused frequency channels are avail able, the

InCG8iSH anet, ﬂh@&iﬂs%&n@ﬂ?rd@ﬁ@@teq%ﬁirﬁeﬁﬂferf&ﬁﬁﬁfs Qénsmg process.
frequency channels to transmt on, U, he val'ue of

Dyring Trheswwrlgprx;ceSSnthemLzst@’aeepramse@qumeemmect;s a signal

o R on A FRE ey Pk oSSR o8BS et O, 1 om

whi ch the custoner prenise equi pment had recei ved a
broadcast. In other words, in this case, this
The edsiemey Pepmiseesauismentthen geformpen bytiaizatior to set thee
nbeplo B AaROUEIEEINREL S HAARAIdD, I ook ndindek o the
fréqtmmyrw;annblanne/l/mclam babten nidssage s rarsmhtedny, 16 the

ui nt sets e maxi mum nunber of frequency
Vaiﬁ%ﬂﬁa?@ Stt%ptﬂglglgmt on, U, according to the nunber of
frequency channels on the |ist of unused frequency

channels it maintains (in step 1109).I1n this case, the
Inistep 1905 ftheq:wetmyecpmnmiee equipmertrdatetmioes iifthereacanmused

R ol AR TSRl AP B b 08

broda¢RRifoRHENIHH b BRWIGHENFarlsRASsiBRE PEciPSd Frbf $8NST Ng
report and proceeds to step 1111, where it transmts

basestatiencsailiers 95 Hge theosansing prpcers itdwmtscarged epib earlier, for
)&fﬁ}? gated, on the first frequency channel on the |ist
r'equency channels to transmt on. In step 1113,
the custonmer prem se equi pnent next |listens for a

If ﬁlisgg&Larmined in step 1105 that no unused frequency channels are
available, the customer premise equipment sets the number of frequency
channels to transmit on, U, to the value of 7 (in step 1107). In this case, the
only frequency channel to transmit on is last known operating frequency
channel of the last known basestation, from which the customer premise
equipment had received a broadcast. In other words, in this case, this
frequency channel is the only frequency channel on the list of frequency

channels to transmit on.

If it is determined in step 1105 that there are unused frequency channels
available, the customer premise equipment sets the maximum number of
frequency channels to transmit on, U, according to the number of frequency

channels on the list of unused frequency channels it maintains (in step 1109).
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transm ssion fromthe basestation in response to the
beacon nessage, on the sane frequency channel on which
w0 b@7hzepbn nessage had been transmtted earl i B€T/SG1002000119
signal is received fromthe basestation and the signa
contains a decision (or a command) of the basestation
In ithis saee, the1ist of fiequenaysrhannsisia tsansmitioprie fe sareg as the

i AT B8 AL PE R el ol

received fromthe basestation or the signal received
fromthe basestation cannot bhe decoded (which Eeans )
Inpeth casess #he Fesiomes Aremise,addrmant dien genriatesthgesensing

i : _ . . )

repi Al Hiteetis b ep 4111 OB TRRRfichE Beaeo e daBe

comprirg te semsiryrapestgererateth) om thesifivst, frequeney ichanseksend
bﬁ 1. In step 1119, if the Lpdex to the nunber of

the tisk@irerensy ehapaRisHP @SNt AN i s determined to be
| ess than the predeterm ned nunber of beacon nessage
transm ssions, N, the custonmer prem se equi pnent

Inptee ¢¢63, the cabrmdridrenvibe equipmentaresiristens fier d sigoah
nmessage qQn the sane . frequency chapngl as the one on

A RSIOR JOUk MG BRaRT T ESHAlR: Haia bAcH MBSO on the

s frbgg@l’fc)l Ehdriel Bﬁs'mgfzh Phe BBAEANNTEREE86 Piad been transmitted

transm ssi'on, n , etermned in step 1119, to be
earligr. | ess than the predeterm ned nunber of beacon

nmessage transm ssions, N, the custoner prem se

equi pnment proceeds tostep 1121 , where the index to

If b Reyrfd fARBREIGRFHANRE baBe¥tation ahtiehs eiyren coRsHmoe desision
transmtted, / , is increased b As a side note,

(os agemmand) &f thadiasgsiafionde gtar %bi'ethﬁiqw&qm‘é& premise
o BTSN LRAHE F oetERiAa ER0RH AT i e

bdweatnipnissepel M5ansm ssi ons had been reached, then

the next beacon nessage should be transmtted on the
next frequency channel on the |ist of frequency

If RO & feRehelNrdth th@Basbétation or the signal received from the
basestation cannot be decoded (which means that a decision from the
basestation is yet to be received) in step 1113, the customer premise
equipment then proceeds to step 1117, where the index to the number of

beacon message transmission, n, is increased by 7.

In step 1119, if the index to the number of beacon message transmission, n,
is determined to be less than the predetermined number of beacon message
transmissions, N, the customer premise equipment proceeds to step 1111
where it transmits the beacon message on the same frequency channel as

the one on which the earlier beacon message was transmitted.

If the index to the number of beacon message transmission, n, is determined
in step 1119, to be not less than the predetermined number of beacon

message transmissions, Ny, the customer premise equipment proceeds to
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necessary. In step 1123, if the index to the frequency
channel on which the beacon nessage is transmtted, /,

w0 200de2Be™M ned to be not | ess than the maxi nunPC/EGE07/000119
of frequency channels to transmt on, U, then the

SEH08T W8S nER e M Roaendy saried pruwbish tha beeepn

médege isftraranitiaden id ck@etingayency channel on which
t he beacon nessage is transm’tted, /, is determned to

be | ess than the maxi mum nunber of frequency chatnnel S
3 ' , . e _equi pnen
ALBSIENR S L1 e Y B iR e B e

preticteembmsd nembagef beastinineskade transintsdidiiehad Befn reached.
xt, the gustonmer prem se equi pment proceeds to step

If ey preggisrmingd pumbenpf Beasen message ieesaissions had beert
t ' I ency..channel s t
ropERAL e (he AR oA MEssddd st bEIIRINEd Rl
fraquenhcy chdanel on the ligtef reguthey oRammalsta tHERSMIt, if
freguency channels to transmt the beacon nessages on
NQCEESH¥en reached. 1f the maxi mum number of frequency
channels to transmt the beacon nessages on had not

been reached yet, the next beacon nessage shoul d then
Iniséen 1l 423,nf thedddexta thes neoquerioyechammey on dfictethedbeddtmh

st _of .freguency. channels t ransmt on. )
MR BN e o baRer to hana s hendhe mpfEwR
nuBSEUTERIqUehaP SRhASeBito RRASR] %W%Q@%ﬁ t98 cG&bhat Pefike

frequency channel, when avall abl'e. epur pose 0
equiRinemt stops ranemiiiiag the hesseymessageanl awitched off in step
11bkequency channel is to ensure that in each unused

requency channel, the basestation has the opportunity
to detect and decode one of these beacon nessages

duri it ut - of - band sensing periods, and thus, is
In égpisw%é, r'é*@gi index tethedrequanay&henneben wiichcinet keason

m%&és??rbﬁg itr%gﬁg"ﬁ’tg%igg,hi '(:i'ée?}%ronﬁﬁﬁée E(?B’éé@?%h%‘g{ 8% ximt R number
of frequency channels to transmit on, U, the customer premise equipment
proceeds to step 1127, where the index to the number of beacon message
transmission, n, is reset to 0. Next, the customer premise equipment proceeds
to step 1111 where it transmits the beacon message on the next frequency

channel on the list of frequency channels to transmit on.

As a side note, step 1123 is basically used to determine whether the
maximum number of frequency channels to transmit the beacon messages on
had been reached. If the maximum number of frequency channels to transmit
the beacon messages on had not been reached yet, the next beacon
message should then be transmitted on the next frequency channel on the list

of frequency channels to transmit on.

Additionally, it can be seen that the customer premise equipment transmits N

beacon messages on each unused frequency channel, when available. The
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enbodi nent and a fourth enbodi nent of receiving data,
according to one enbodi nent of the invention. In step
wa20v1234vhe basestation perforns its sensing pPODEEH07/000119
for both out-ofband frequency channels as well as the
| f a beacon nessage wth

i n- bang frerc[1I nc& hannel .
PYrRase gLIrpaP Bﬁ'&lj 1ESTCRB N PTSEERBIQ8 $aCTgRUIRSY Eequeanayn
cherRl 538dnsuiethdt ive chas entigdd %q%ﬁé&s Bﬁ% UpreWdsBstdtion

nor mal sensi ng processing (step he beacon
h%e@@eq;mqmuﬂﬁyg% detgnt endldesoddenerofitheske peacorbhessages

AR O CEhilig pelifls ERREPLRClstbie B erBbesfe Saneing
repbepf 178 dustbhreriprédisd Squipmenynber of decoding tries,
n, is set to the value of 0. In step 1209, the

basestation attenpts to decode the beacon nessage in

ar @der. ' (hg. report. |f the mess .
FigE 32 Shofs oW BreR PRIl EFE Sepand pinbbellfeis i
embedibese shdtd foorthiedmsodindet of reutivieg @b@b,%cbhﬁnq_ to one

cognitive_ radio systemoperated by 1t (in step 1213)
erah%é}m%\t]%ﬂ@ala&a@ .t he deci sion made to the custoner

prem se equipment in the cognitive radio system(in
step 1215). If the nessage decode is determ ned to be

Instep $2@tdbefbalsestationgerbhsits semeirzppeetss, fonbbitesut-of-
7, where the index to the nunber

d 121 :
b%?ﬂ*aeioi@c&%h%%ﬁé@, ag,wel gsithe inshand &@ayenay chaxel. i ge
i . i i r.
ApEATISkl 9 B RASSINEL OB bRl ARG
stepl203rthan e bas¢sfationlitvan pracesds Math itd normalsensing

| the index to the nunber of decoding
pr?%s&r@ ga?ﬁﬁ | ess than the predeterm ned maxi mum
nunber of decoding tries, N3, in step 1219, the

basestation then proceeds to st ep 1221 , where it wll
If 98 heacrnmaessagenvitvine spraialinredeterminad prsagshle indetedted in

[ : f oding tries, n,. i
St 2203 e bRREekn 1h6h AHERRS . 0GR Ric e Speltiniths
beacormessagei In step 2071 the index to the number of decoding tries, n,
is set to the value of 0. In step 1209, the basestation attempts to decode the

beacon message in order to derive the sensing report.

If the message decode is determined to be successful in step 1211, the
basestation makes a decision regarding the cognitive radio system operated
by it (in step 1213) and then broadcasts the decision made to the customer

premise equipment in the cognitive radio system (in step 1215).

If the message decode is determined to be not successful in step 1211, the
basestation then proceeds to step 1217, where the index to the number of

decoding tries, n, is incremented by 7.

Next, the basestation determines whether the index to the number of
decoding tries, n, is less than the predetermined maximum number of
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the basestation proceeds to step 1223, where it waits

and |istens for the next beacon nessage in order to
waedaenp49mnot her decode. Fol | ow ng whi ch, the PCT/SG2007/000119

basest ati on determ nes whet her the decoding of the

next nessage is successful or not, in step 121 1. As a

degogingnisies, No:If #imdsteraingd thehihe indexiio due nembespf decoding
tri%?," ¥ 3¢ le@?i‘tﬁ%ﬁ gg{ g@%‘%affghgﬂe& AR URERARDef BP8Q&§B‘?@%

ransm-t e al so used Tn conjuncti
tries t N, tihatephi 21D, éhb bdsestation tlier prodeedsttd st 022 atierefit
transm tting dat see, for exanple, Figs. 7, 9 and
W'l@,onb%‘é‘pté’dﬁWFﬁp PRI mer words, the basestation
only needs to determ ne the beacon nessage (either
fromthe in-band frequency channel or the out-of-band
If #t iedetenejnechthabtHesindex do theenunder v detading trigs) gy, isclesst
m t he egeacon rressagle. for the

f O .th her. hand
tha 3% pesaelSBRed TERTATRL RThber Of Sectdng s, NiminFiep 1219,
thlhzeBsRiBAHroEdEdb StegA2IBE Wheke AdatsHiMidleREfor the next

sel ected for use in transm tting the beacon message.
beasongreassags, iniardst epaticaropt andthendeeode. d-allowdrgiwhich, the

freguency .channel vai lable, then the second .
bSO SERREs e g Gorlntr s b Bstage is
suecBesil 6€notl fn stepi1@1det erm ned that there are no

unused frequency channels avail able, then either the

third enbodi nent or the enbodi ment of transmtting

t b I ' '
ASE TR PR USSR e SoRiaifeafor pR T
catgspoadihgrie ke seognd ahthodivbent df trandmittirtpd stz adiynsnblso
of the inventiaon.The scenariqQ ill ustrat

| _ S ) d by Fig.. 13
used ig;ganjuictiop withthe; third embadisent apd dae ?@rﬁ%@m\p’%dlment of
_ b . ; R i
traHRTRING GatE3Rek oY ExATRlch RS T OO, 1eBpaRRIY). Pbther
wolele| e, bagestattomsonly needg de dejerotiam thed bdacon message (either

fromdfe f-GEnd SatanCaeorel S0 tBs obbbbRaad FeflEnekoRtinely
arldthepl IRk the 38A8INgSePBridron the BEBYon fdsdage.

communi cati on devi Ce.
On the other hand, for the customer premise equipment, it has to first
determine which embodiment of transmitting data should be selected for use
in transmitting the beacon message. For example, in step 1105, if there are
unused frequency channels available, then the second embodiment of
transmitting data is selected. Otherwise, if it is determined that there are no
unused frequency channels available, then either the third embodiment or the

embodiment of transmitting data may be selected.
Fig. 13 shows a flow diagram 1300 describing a fifth embodiment of

transmitting data and receiving data, according to one embodiment of the

invention.
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In this illustration, the first comuni cati on device

may be, but is not limted to, a custonmer preni se
weeowrppant, for exanple. The second contmuni cat P@RSG2007/000119

device may be, but is not limted to, a basestation,

for exa d gonnunlcatlon devi ce ma

ThD boona LIS g B g 15,5 BiBlarde deatiletrated Rupiass Sand 7,
wﬁér@by%ﬂc dgrﬁwveemgystehb% £r3|rg§‘é;|¥§9éo§ﬁgﬁq%8ﬁéﬁg%ﬁe

desciibed in relation to F _
ansha eecand eamnunieatiorederded mperatdsso ftnqwdc;ashanneim rith

g B bl KHRVERSoS LRERRE B E e Pesshuency

corhifRIatiBh delitet Bicdndd affédtad idue tS%ﬁ@Eig‘ha‘Pfraﬁless_lon ofa
enbodi ment of the invention, upon realizing that it is

negtby fhiet eemminicalionrdgyiear se equi prent, the cust omer
prem se equi pnent first listens to frequency channel
B, in order to determ ne the control informtion

Inkthisdkissteition, the fitEcharrAicition devids M4 B BuRes not limited to,
synchroni zation si gnal . Next, in_step 1301 , the

a E'ﬂ%t?m?érpr%m!ﬁﬁ %Jl@@ﬁnb fenexapnler Thesegond Fommunisption
dfte MATHALLEING itV iee Bt o diBrRs A AT

usin he’synchroni zat oh si g Broa
cdrmraqn&:awn db&m:&eha)‘abeﬁhaﬂsswﬁ (nhf tedi taash iMcumbdnttuzer
basest.at i ?r} IS achl eved the affected customer premn se
tral SRR SRt (W NRIRe sensi ng report generated to
the basestation on frequency channel B, in step 1303.
After successfully receiving the sensing report and
Hw%&rnunlikagthﬁrﬁmbodinmxmdeycﬁb@wmﬂelétmn&bfﬁg!seﬁl )9 ahe

10, 0 BRRo AT n NS oRRoRtna, 36 baradl<iimlgmmation

|néIUGi@hg@§W&ﬁ@mE§iloﬁ EigRbA ih bRk oﬁ"fthe‘:J RHé\ﬁﬁ Jnﬁ§8é!?ﬂé‘é1¥lency
channel s” nai ntai ned at the basestation. In

chanpglst(freauency charuaddy channel C is sel ect ed Next ,
in order to switch all custonmer prem se equi pnent
operating in the current frequency channel to the

In $leik dituistrehtiVe esamply ot baentdadifient 6t i@ iddFon, upon realizing
that it is an affected customer premise equipment, the customer premise
equipment first listens to frequency channel B, in order to determine the
control information broadcasted by the basestation, including the

synchronization signal.

Next, in step 1301, the customer premise equipment generates a sensing
report and then attempts to synchronize with the basestation using the
synchronization signal broadcasted on frequency channel B. Once
synchronization with the basestation is achieved, the affected customer
premise equipment then sends the sensing report generated to the
basestation on frequency channel B, in step 1303.

After successfully receiving the sensing report and determining which

frequency channel is affected by the incumbent user transmission station’s
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t he basestati on broadcasts a frequency channel sw tch

command, for exanple, in the current frequency channe
wob@ra2i4h7 i s operating in (frequency channel APCT/862007/000119

wel | as the frequency channel on which the sensi ng

report was recejv ency channel ,
S'@Uglsféﬂmlﬁwnstﬁhiezb%%@ tionseleciaies tgv@@érfrwmcm@@nnel
frbfia ﬁﬁedf@}duggﬂ HequeRBY eAaN A MARlaifed AP1R Bdi1ation. In this
|Ilu§r@qns freiquiehay channeleC insmleetednt described in

relation to Fig. 3, whereby the affected custoner

prem se equi pnent in both these enbodi nents use the

N ﬁhé%r%@%{/m&h %Ingﬁu@torﬁéro@@ﬁ%é %aumhérhﬁdré@éﬁd Rithan

i n anot her unused frequenc channel
cyierdHrasmiensy hannelte tba%lacéad fmqu@myr ehanrehd(iti steprig05)

bR PRBCs el uRBhR svi BBt
exanplet inbthet digret freglecy bRA R wHETE M i & pest ri@j‘fﬁ"(\‘rebgency

the basestation, the basestation appears to onl
chassebAd apwel) @Sébeufweo@y channelan which the ssnémg report was

BB FRgbenb R, SEo SR e SGL RE vy

camm;asuﬂse)psuaﬂimn quel&hsyechamelrmnt must al so nmake a
deci sion on which of these to use. In one exenplary
enbodi nment, the custoner prem se equi pnent nmakes the

AS8Gidd Ainafk, Mo 800 KR Mhe 8RB deddibeliHdte i@
use based on | ast known operating paraneters €

similgnta theeembddinent slesoribed in' mﬂwtmmeﬂo Fign8i wherelmr thesffadted

h h he fif
custobar REstHegrea e bialg tishe.SPBRAIMETSF usedhg o, ¢ he
syrichrsiizaiorPsighdl BroBecdstad By%he %a%@&%'tlgﬁﬁﬁﬁnf)ﬂ{er ‘dfhﬁséﬂe

this context, the term "channel bonding" refers tot
freauensy ahenaet, i firss synehregizenyih treabasesiatign before

gﬂﬁﬁx ransm ssion. In this regard, the
tn ase?tnﬁqhgn%é;ﬁgingd%ﬁjgﬁﬂcast s control information in all

the frequency channel s used.

As a side note, it can be seen that during the process of transmitting a
sensing report by the affected customer premise equipment to the
basestation, the basestation appears to only respond to the actions (or
initiatives) of the affected customer premise equipment. Accordingly, given
that there are five embodiments of transmitting data, the customer premise

equipment must also make a decision on which of these to use.

In one exemplary embodiment, the customer premise equipment makes the
decision on which embodiment of transmitting data to use based on last

known operating parameters of the cognitive radio system.

If “channel bonding” were used in the cognitive radio system, then the fifth
embodiment of transmitting data (see, for example, the illustration in Fig. 13)

may be considered for use.
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However, if "channel bondi ng" were not used in the
cognitive radio systemor if the control information
waoweog/1z83p7 f ound in this one other frequency che@met2007/000119
then the customer prem se equi pnment may check the | ast
known operating paraneters of the cognitive radio
system on whether the preferred node of reporting is

lnsmrscwrmmumeqerm%naﬁmaWﬁinq:frefel?ﬁ t&pﬁef 654 88mMERL A one

reporting were synchronous, then the tirst enbodi nen
frequencyehianpelsiyy the: kasestationfer dateatrahemisstom. In this regard,

Ol . : . T ¢ _
oy et Brolpst) o R b v g Tty
clesyetshusethus, or after the transm ssion of the beacon

signals, if no synchronizing signal or control
i nformati on were detected on the unused frequency

< . i eqgui pf ;
R R KoReirtk Mt ot BT e G RS P vten or
if thfe candrot infemeatioruwert hoefguaddy tisib aneslther ré§uieridyechannel,
ond Setrr‘oodi nment of transmtting data (see,

?
g AP PSIORIRE FrPiRS PaiPGIe et gieckythagstiksouoranaratioa
pdr@metss of *fi‘ié"’é&ff@'ii%ivé tadid %&@teW? bR W}%tHQPﬁ%%F%f%ﬂ%be&%\ée of

channel's, or | here were no response
repagingtiasynchrahoes or heynetansous.si on of t he beacon

nessages, then the fourth enbodi ment of transmitting

data (see, for exanple, the illustration in Fig. 10)

If theypreferelmbae o depOrting Serk! SyRbhrdou’r tHeh Maidps t he
third enbodi nent of transmtting data (see, for
er@%ﬁme@; of fiansmitiirg data (seei formixgmpte,)the Mtustradipd én Fig. 3)

m%bgga%gg@%f@%%mnts of the invention have been

SCri ererence to specific conmunication
systens, for exanple. It should be understood by those
skille n the art that these enbodi nents nay be used

HQWeNgry i_gﬂi%er e M PloiePsitindewere asiiehsenass, onieéer the
traPAIRLIb S Bf tH b S nalOf pé}@ﬁﬁh%n&%ﬁ&%ﬁop Eontrol

_ cellular communi cation sys
information were detected on the unused frequency channels, then the
customer premise equipment may determine whether there are unused

frequency channels.

If there were unused frequency channels, then the second embodiment of
transmitting data (see, for example, the illustration in Fig. 7) may be

considered for use.

However, if there were no unused frequency channels, or if there were no
response from the basestation after the transmission of the beacon
messages, then the fourth embodiment of transmitting data (see, for example,
the illustration in Fig. 10) may be considered for use first, prior to using the
third embodiment of transmitting data (see, for example, the illustration in Fig.
9).
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systenms according to GSM FOMA, UMIS, CDMVA2000 and
3GPP, for exanple. Enbodinents of the invention have

wao b@7fizdebdwi ng advantages. Firstly, it can be BEESG202D00119
t he basestation is not required to continuously

AZERAE el W Bttt a8 TnealOh Favibiasnatpacabed it

fergncd %o specific beseniratatith SREMBURN Y @afisﬁémd be
h rgncrrat?gn l|cr;1 only one of%e nownxurr{ﬁJ frequency

v thegs ﬁlﬂi"ﬂ@l'@th%ftéh@ﬁbeeel emtmqilmants magmm@d in
ni tive. radio
W@%’E?ﬂﬁé"ﬁt“'o‘@?}%éw V<8, St 8E Bp et P mniCate i btays.
for example Exaewies bhceliuiar a:dmhﬁmid Rﬁh@h's{%’ﬁéehg% Itdrtg.ld:nthe
n_does no
YRR APE e e ST A, ST GEuRRa0e asd SGRIRLor
e)@gﬁrgly_are | evel . Accordingly, the enbodi ments of the

invention are thus easy to inplement. Wiile the
i nvention has been particularly shown and descri bed

| refer e.to s i fic eppodinents, it should be
Erﬁhé@'@?rﬁ%&?[}}ﬁ NN tg?%ﬁ?w @l? ﬁﬁow adyantages.var i ous

changes in formand detail may be made therein w thout
romthe spirit and scope of the invention

f
F"%gyglrégilagg)@ sgentthet thepeaststatidneis mot rérdmared(:jmamrlmh‘nubbely ;
d b cl ai s an
b"b 'ﬁggﬁgﬂ,é{rﬁs W Wtcﬁl‘ﬁ tqtjﬂ@ gg@ee%trf@r t@nge of
enmd |m@hEdiS¢u§§ed ierefdtRin® ﬁbe1 3 'i)\ﬁ{é?'é ‘Ua%e‘st%S@%%ﬂtnﬁ@o&?y

raced. In_ this docunent, [ om ng publication
brq;gn:? st sormatiqreppriy one of ige khﬁ\gn @mlepd ftegGEENCY channels.

BRI Fir LGS Rt i SR bR et

neatt cagnitfwMadiasystemgsstoanle foritRiir e Marfpassibhsat | ons:

Pol i cies and procedures for operation in the TV Bands,
May 2006. CLAIMS What is clained is: 1. A nmethod of

SecbAdy it chhie SKEAthbt B AnfIbhiht AT BhE Tl St kS S S
a

invention does not require any hardware changes and only involves changes

at the software level. Accordingly, the embodiments of the invention are thus

easy to implement.

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

of equivalency of the claims are therefore intended to be embraced.

In this document, the following publication is cited:
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second conmmuni cation device, conprising: receiving a
first signal on a first frequency channel fromthe

W@ e@oneB4gdnmuni cati on devi ce; generating dat a, PEUIBGEION000119
the data conprises a reception status indicating
whether there is interference on the first frequency

[ﬂchblEﬁEISO&%Z Working<e . $Egh41802.22/019.1 Dsaft @taradarﬁuf%

o5 BB MAE e Rt 22EcBahtles WlBRaRAN °
deMelﬁumVAtﬁTe%serdt&)H(m&)mtﬁBPhVelcﬂ Lesyer (RHYY specf:mcatmns.
predet erm ned duratian; rece|V|nﬂia fourth signa

t hBolielesnck pregedwiey Tehaperation i fhe Ry Bandsaiay 5006."
communi cation device; and transmtting the data
generated on the second frequency channel to the
second communi cation device. 2. The nethod of claim1,
wherein the third signal conprises a nulti-tone
signal. 3. The nethod of claim11, further conprises
synchroni zing to the fourth signal received on the
second frequency channel fromthe second communi cation
device. 4. The nethod of claim 3, wherein the fourth
signal is a synchronization signal. 5. The nethod of
claim11, wherein the second conmunication device is a
basestation.6. A nethod of receiving data froma first
conmuni cati on device at a second conmmuni cation device,
conprising: transmtting a first signal on a first
frequency channel; receiving a second signal on one of
a plurality of frequency channels; determ ning the
frequency channel from which the second signal is
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received; transmtting a third signal on the frequency
channel determ ned; and receiving data on the
w0 e@guzagy channel determ ned, wherein the datBCT/SG2007/000119
conprises a reception status indicating whether there
CLA*lgterference on the first frequency channel due to
ourth signal transmtted by a third comruni cation

device. 7. The nmethod of claim®6, wherein the third
8. The net hod of

VV? gnal [ Sﬁfﬁ synchroni zation signal.

L SHl@Imeghist ei n t he second communication device is a
basestation. 9. A nethod of transmtting data froma
first comuni cati on device to a second conmuni cati on

1. devu%metbm‘rpf transmitting detavirom @fifst cdnrbugicalio®fedce to a

t fre hannel frqmthe second conmuni cati on
3988{75&8%@'&'8?@” ﬁﬁ"'&ﬁt COMPHIPE; n the data conprises a

r ecapbdiOhgsd ﬁﬁs%'%l%n%@?ﬁaatﬁ@? @g nne'JPFh the second

interference on t I'rst due
CO@@BUH@aBﬁ)@daVICBr ansnitted by a th| rd conmmuni cat i on

d t f, hird I d
fr odOREI G SR RPetsn e Balebermedsehiarestnton Sabice.
indibgtireg Whether théreds shteRalte i BH ineSist f?@ 3 UCSI %fd?ﬂe?& 6810 a

and erein the transm ssion IS carrle
segpiad signehiraesmitiadeby altsird communmieatisredevioed number of

L1 oignsfind 3P A9tz & sBbaldpilS Shanna e soond
comraumicatcbn dbece] Whethen FHERIRSRissPrAisRBPHSP o[ ARFEM

%uence 2. The method of claim 10, wherein the
pr%(f srpinediduratia;| d sequence. 13. The method of claim

VWO&ihg o BRI orREWa SR ifr%r&u% ‘éiy &Ranseldrom the
second communication device; and
transmitting the data generated on the second frequency channel to

the second communication device.

2. The method of claim 1, wherein the third signal comprises a multi-tone

signal.
3. The method of claim 1, further comprises

synchronizing to the fourth signal received on the second frequency

channel from the second communication device.

4. The method of claim 3, wherein the fourth signal is a synchronization

signal.

5. The method of claim 1, wherein the second communication device is a

basestation.
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basestation. 14. A nethod of transmtting data froma

first conmunication device to a second conmuni cati on
waelewrag349rtonpri sing: receiving a first signal PCI/&G2007/000119

first frequency channel fromthe second comuni cati on

deV| enerating data, .wherein the data co rises a
6y eceétm%%oétOth%elvlﬁeud@é@ ifiog arfssteammyisicatips device at a

ency channel due to a
S%cge%:ﬁ(g&gl gn%ﬁppyﬁgﬁe{ Fggﬁg&ﬁy}t hi rd conmuni cati on
devi ransraitting adinstraignal og aafutshrfrremuengynahamelt he first

frequency channel . to the secon communi ﬁ_tl on devi ce,

at al9PMIRGASECERd SERE! op&ns o A Plugaldy of [rsqvianey ahanpels;

near ,

iy @by E“fﬁ%?‘?@és I, Gt ?ﬁﬁﬂ@@?‘f@% solfifl §jghal B
raggivedd of claim 14, wherein the transm ssion of the

aur fpaiHe S ETHanRba the IrBanEnd, S Befethined; and
thi 1 gbceivipbatalsn ey fré@'@fdysﬁ%rﬁlepﬂé‘@ﬁ%'nféd %er@ﬂ%e data

met hod of claim 16, wherein the preanble is
CBBIigRs A deerntioncialtisdadicating wihethenthere lsﬂn’r@lrfarencmqn the

AR i e %o.a3p By et SRLSIT RS o

cammiwkcationaldviest ati on. 20. A nethod of transmtting
data froma first conmuni cati on device to a second

conmuni cati on device, conprising: receiving a first
751 9nghe RibtBod bf Slhirh 68 W?&M ﬁBQHIP& lslgfn%Pfé'é ancﬁﬁ‘?ﬁﬁgtion
communi cat1 on device; genera wher€in €
sigadla conpri ses a reception status indicating whether
there is interference on the first frequency channel
due to a

8. The method of claim 6, wherein the second communication device is a
basestation.
9. A method of transmitting data from a first communication device to a

second communication device, comprising:

receiving a first signal on a first frequency channel from the second
communication device;

generating data, wherein the data comprises a reception status
indicating whether there is interference on the first frequency channel due to a
second signal transmitted by a third communication device; and

transmitting a third signal on a second frequency channel to the second
communication device, wherein the third signal comprises the data generated,
and wherein the transmission is carried out at predetermined intervals for a

predetermined number of times.

10.  The method of claim 9, wherein the third signal further comprises a
preamble.
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second signal transmtted by a third comruni cation
device; and transmtting a third signal on the first

w0 e@guzagy channel to the second conmuni cati onPCEYGZ®7/000119
wherein the third signal conprises the data generated,

erei ansm ssion is carried out for a
1 e dbbEPiited Of ol D WhEreih the oraemhisse peausionbadom
sefi@heen the third signal further conprises a preanble.

22. The nethod of claim2 1, wherein the preanble is a
pseudo-random sequence. 23. The nethod of cl ai m 21,

"ot niep metieEbFBBEh g BBraR che BEGRIBRG 12 vimale sereaRe.

device is a basestation. 25. A nmethod of receiving

data_froma first communi cati on device at a second
on?ﬂnﬁ Ewihemotelaing d, wherpinitee sgcond apmmunicatipredévics s a

bade@flonon a first frequency channel ; deternmining a
secong signal froma plurality of frequency channel s,
wherei n the second signal includes data, and wherein

q():‘(grrgrl Ses . a recep tion status indicati ng
Bethod pbiragsmitting fafsivem firstisenmuricatiorededne o a

se%BﬁaI&%hrﬁuﬁcgﬁoﬁdbokéda&ggﬂghg; ransnmitted by a third

conmuni cat i on devi ce; reving the data fromthe
sec cradelylr@rmflrsdi sigratronedirtfredhrencyetizmthed froal teetond
thg second signal further conprises a
co @H%?EO $VIC®he nmethod of claim26, wherein the

pr e |ef=‘ati @atasmé%.ﬁ%rwgmaswgﬂg& a%%%?é}r,?)% d1Ef aod

C , wherein the prea sequence.
lncggatlnnghﬁﬁqqﬁ dlaerefis intarfarer®e arhthedinst frequerssycstvinnel due to a

[ basest.ation. 30. A pethod of
se? i ans[‘znint%‘?l rhﬂgralgfeéi $ 8&6'5399%?”'@6%%@%‘59? A%Yevi ce to
a transmitting a third signal on the first frequency channel to the second
communication device, at a transmission power level at least substantially

near the maximum transmission power level, wherein the third signal
comprises the data generated.

15.  The method of claim 14, wherein the transmission of the third signal is
carried out for a predetermined duration.

16.  The method of claim 14, wherein the third signal further comprises a

preamble.

17. The method of claim 16, wherein the preamble is a pseudo-random
sequence.

18.  The method of claim 16, wherein the preamble is a Gold sequence.

19.  The method of claim 14, wherein the second communication device is
a basestation.
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second conmmuni cation device, conprising: receiving a
first signal on a first frequency channel fromthe

W@ e@oneB4gdnmuni cati on devi ce; generating dat a, PEUIBGEION000119
the data conprises a reception status indicating
whether there is interference on the first frequency
channel due to a second signal transmtted by a third

260N HhARbE 18R HtBing ek Bt Akt ol UficalioT 8bv to a
the second frequency Channel tromthe secon

senomaatnumathivatide dieviee, campriaingng t he setting up of a
communi cation onneqtion.mﬁ%h t he second co nicatio

it iy

devi ‘EECHINGA JEt SIANa! PO, it fregHeRMe Fhanna! &0 His\gecen

cadrmRInigatieh \Rlvide®r transmi ssion allocated by the second
communi cation device; and transmtting the data

genegenasgting datee heareindhe dada samprisaaametepiion siatus

naRER0 R ERS Lot B o Rl Tl B kel dve o o
sexomdrsiges teirRatitted by iankirdcdm@ uhidafien giedidal angcei ved
on the second frequency channel fromthe second

conmitAN<gaittingha dad signabon thenbrshrendeneyf channetiathe second
cHEE) Byl ke e UBFCARBNER Bluetegompret

armbwinerdic #ie trans@igsion isscarribdsasforta pradeftmided@tgidnof

receiving data froma first comunication device at
t he second conmuni cation device, conprising:

21" anpﬁ% ety 8 Elafrd oS W’é?éinqge thifd éi@haf Fuﬁﬂ%ﬁ%%pri?es a
channel; transmtting a second signaF on a plurality
prembdeond frequency channels; setting up a

conmuni cati on connection initiated by a first

22.  The method of claim 21, wherein the preamble is a pseudo-random

sequence.
23. The method of claim 21, wherein the preamble is a Gold sequence.

24,  The method of claim 20, wherein the second communication device is

a basestation.

25. A method of receiving data from a first communication device at a
second communication device, comprising:

transmitting a first signal on a first frequency channel;

determining a second signal from a plurality of frequency channels,
wherein the second signal includes data, and wherein the data comprises a
reception status indicating whether there is interference on the first frequency
channel due to a third signal transmitted by a third communication device; and

deriving the data from the second signal determined.
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conmuni cati on device on one of the plurality of second
frequency channels determ ned by the first

w@eovmazd4eat i on device; allocating a tine interRed/SCmm07/000119
transm ssion by the first conmuni cati on device on the

reqguency chanpel . determ ned by the first )
2 ot eifoHgaIn 5. WAEFS 9 ecand SRl bther comprises a
prebfblé nterval for transm ssion is performed by the

second communi cati on device; and receiving data from
the first communication device at the tine interval

27y ofF BiouHh bEFroh 28 GRetei e Plrarn B35 At lcliraiiom,

sequefegpt i on status indicating whether there is
interference on the first frequency channel due to a
third signal transmtted by a third conmuni cati on

evi T d ' 4 er ei he second
267 fife mEhod GFalih 8 wbrdih & hramiig st 8 GokKacBhER
claim 34, wherein the second communi cati on device is a

basest ati on. ) . o o
29.  The method of claim 25, wherein the second communication device is

a basestation.

30. A method of transmitting data from a first communication device to a
second communication device, comprising:

receiving a first signal on a first frequency channel from the second
communication device;

generating data, wherein the data comprises a reception status
indicating whether there is interference on the first frequency channel due to a
second signal transmitted by a third communication device;

determining a third signal on the second frequency channel from the
second communication device;

initiating the setting up of a communication connection with the second
communication device on a second frequency channel;

determining a time interval for transmission allocated by the second
communication device; and

transmitting the data generated on the second frequency channel to

the second communication device, at a time interval allocated.

31.  The method of claim 30, further comprises
synchronizing to the third signal received on the second frequency

channel from the second communication device.

32.  The method of claim 31, wherein the third signal is a synchronization

signal.
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33.  The method of claim 30, wherein the second communication device is

a basestation.

34. A method of receiving data from a first communication device at the
second communication device, comprising:

transmitting a first signal on a first frequency channel;

transmitting a second signal on a plurality of second frequency
channels;

setting up a communication connection initiated by a first
communication device on one of the plurality of second frequency channels
determined by the first communication device;

allocating a time interval for transmission by the first communication
device on the frequency channel determined by the first communication
device, wherein the allocation of the time interval for transmission is
performed by the second communication device; and

receiving data from the first communication device at the time interval
allocated on the frequency channel determined by the first communication
device, wherein the data comprises a reception status indicating whether
there is interference on the first frequency channel due to a third signal

transmitted by a third communication device.

35. The method of claim 34, wherein the second signal is a

synchronization signal.

36. The method of claim 34, wherein the second communication device is

a basestation.
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