METHOD AND DEVI CES FOR DETERM NI NG AVAI LABLE FREQUENCY RANGES The
present application clains the benefit of United States provisional
S5applications 60/734,080 (filed on 7 Novenber, 2005) and 60/ 796, 355
(filed on 28 April 2006), the entire contents of which are

i ncor por atETHEOD:ANDPRBEWCESROR DETERNMININGDAYRILABLE FRIEQUENGENt

i nventi onﬁéﬁég%o a nmethod of determ ning avail able frequency 10
ranges fo ni cati on device, as well as to a respective device.
Due to the advent of w reless comunication technol ogy, frequency
spectrumis becom ng an extrenmely precious conmmodity. It is becom ng

i ncr easi ngdlhg preséntcapplication blaima the dieheafil & WnitguBtatys proeddionah f or new

her ef or o SBRMGHIRE/EoR0REAAFE o RlBbed fas end Birapiosinied

al | ocat ed 2&%114@@@3) SREEntir oA nEPEr WARA ae«elwctbrs@l%t&?hé&w b0
achieve this objective of maximzing the use of all existing

al | ocat edréfeeninsrioy a peeResas i s a concept cal | ed 20 opportunistic
spectrum access. How opportuni stic spectrum access works can be
described as follows. Wthin a frequency spectrum al ready all ocat ed,

a frequenTyermagentdhvéntionr Rbérsits d et bﬁ’détbﬁﬁlﬂrﬁﬁﬂa\flélrab@fré fGeHEent
communi cati on service. However, it is 25possible at this i ncunbent

comuif cafangessier ¢ cammupication sievice, 69@»‘%&@&)#? ares@clive devigeat i ons
during specific times. According to the concept of opportunistic
spectrum access, other conmunication services should take the

opport uni Duetio tbpwdareat at wirdless coeqnenicytisrateghnalogyhfrequétsed pevheim
during the tines when the i pcunbent conmunjcatjqon service is not in

operation!® @@qrﬂ‘n@tﬁ%e’ﬁéﬂﬁ? Precioes qomempaity; tbieeconing mcaasioaly
service i giidt {ol &ﬁﬁ%éﬁl@%{e f?é% ruﬁ?‘f&ﬂ%e%wir@ geest, It nust

have the highest priority o neans t hat enever the
i ncunb®2nt commmunicatinn tmhseiogleﬁealgbeppmatﬂonsnltm therefore an objective

nowadays to maximize the use of all existing allocated frequency spectrum.

An approach which can be used to achieve this objective of maximizing the
use of all existing allocated frequency spectrum is a concept called
20  opportunistic spectrum access. How opportunistic spectrum access works can

be described as follows.

Within a frequency spectrum already allocated, a frequency range of interest
is typically licensed for an incumbent communication service. However, it is

25  possible that this incumbent communication service may not be in operation
at certain locations during specific times. According to the concept of
opportunistic spectrum access, other communication services should take the
opportunity to operate at this frequency range at these locations during the
times when the incumbent communication service is not in operation.

30
In this regard, since the incumbent communication service is the licensed user
of frequency range of interest, it must have the highest priority of usage. This

means that whenever the incumbent communication service goes back into
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operation again, these other comunication services nust stop using
the frequency range of interest imrediately. Therefore, in order to
be able to performall the actions described above, 5 these other

comuni cation services nust have the capability to determ ne whet her
a frequenoperatingeagdinj these eshen conis@didayionservicasinest siopromimg that | on
service. ILf it is det erfm' %d t.hat%ti'ig%frequency range of interest is
not bei ng MGOLENEY rapds AlintRiesk intg Iation service, then these

ot her commruni cation services can use the frequency range of interest.
In addition, if 10it is determned that the frequency range of
i nterest iThebeforey insederdgdienalile to perfonuatitbatactionsdescribdédabee, vi ce,

th t th i t,l i t st ti d
et e n R fhek BT sl Hs 48 il B Ry B0 Ao
transm ssiwieshér a fregeend) RRIgeCSHTRIENERAS U8B HGTaH ipBEmBenhot becone

interference to the incunbent conmmunication Service. 15 In view of
t he above Comawnicaieresenvive: fobisrdaiemainedihaicheiftantieacy rangeangf iaterest

fr equency s A0E8ifh usB By G el R KGR A et TR Rked Wihsrner
an i ncunbeommamaaii e séiitessRINVisEtHeSré@iditytrifle bf FRGRBE YN aagRn, if

again. It is therefore 20 desirable for these other comunication
servi é@s {tds Helesminediiiat dhe freadaackrange: plvatespinis Reindossegeagainibyithg
t he avail ghi )i i j ' .
oper at 1 ng HA L SonEnicafaH SOed BREF hosd et ESuilitcAtoR seryiges
avai | abi | mystetog bper2iing ramguenaye trenfieguertayrraabk of htemstihinedately,
period of n trt%nsm' ssion b |1 devjces, or a qui et period, is
Schedul ed Spdhal Pgdransmisgions of thesecther Rommuniealivarsamiees darnot

I ncunbent béeaméﬂhﬁfér&ﬁbéﬁffﬁie%éurﬁBéﬁﬁéﬂ-ﬂﬁwfdﬁﬁé bR dep@bé. frequency
t hods or

range of operation. 30In existing ne etermning the

avai | &bility of the frequency ranges, the quiet periods are all
soredul e DGR el e Re M B AR R ™
gp%aggt :‘ gr%qUéﬁ@mérrg@wMetr@ﬁ, ey ALSt BEATicARNRLARSH tRE fidiRiency
range they are operating in, in order to determine whether an incumbent
communication service is using that frequency range again. It is therefore
20  desirable for these other communication services to have an efficient and
effective approach of determining the availability of the frequency ranges, in

which they are operating.

There are methods available today for determining the availability of the

25 frequency ranges. For all these methods, a period of no transmission by all
devices, or a quiet period, is scheduled to allow all devices to determine
whether there are incumbent communication services operating within their

frequency range of operation.

30 In existing methods for determining the availability of the frequency ranges,
the quiet periods are all scheduled in such a way that the quiet period always
preceded by an uplink transmission. As such, the frequency range of interest

can only be free from transmitted signals after considering the propagation
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del ay of the transmi ssion fromthe device furthest away fromthe
communi cation device. Therefore, due to the effect of propagation
del ay, the period when the frequency range of interest is truly free
fromtransmtted signals is significantly shorter than the schedul ed
qui et per idethy efthehramsynission Srdne tisaitiévice émthdsd adﬁyefrcﬁmrm%\/\het Eer
there are incunbeni. comunicatign services operating wthin the
frequency CPHHEB”'SF&%BP‘a’l'P?oﬁﬁeW 5y Uf 1@ %‘%9&?@&’?@ PrROYopHIday, the

descri bed ] j '
addi 11 onal Trg i HeTeqRatyRaABERE hibfoct | b ot saEm AP |
t ransm ssisignals isesignifieantly skortertthen shascheduled guiet pedad eahighineay not

eriod wever.. thi s propose | ution has the follow n .

Si sadvgn'lt_g’ essu%cﬁ?p‘gtg %Ip?e rﬁ’é'ea}'gﬁstﬁ%ﬁﬁlre@f‘?ﬁ%"ﬁﬁ@&f’mrﬂ‘ﬂ%?%ﬂn reduces
the anpbunisepficdd fPerihg Mithin Uiefle§@EndAtat gk bpRrRRIEN. which will
result in a |lower overall system 15eff’iciéncy. Secondly, due to the

effect of multi-paths, the transm ssion fromthe device furthest away

f th ' ' ' t I ted for by .
consi der 1 110 B YGRRAEE IE BBy sbBeldbpke ERE BoER arStasiitip
of f set 20i[fitterinbdice amtadiivaatimhg et entehal ebhvesdn Ble ditbof the
propagation del ay, it cannot ensure that there are no nore

t ransi? t t &@IBK FRBFMISTGHimntarshatshtherrdad of thersehasdyles auisbpared.

there arepeurhen Qm ' ' i rat.l i thin the
frequency Hrd<'31nge ’gthiSo%e at ?g%ﬂsq %ﬂt@%ﬁﬁg?@@ﬁ%dﬁgw%% possible to
reliably determ ne whether there are incunbent comrunication

25servi ces. operating. within the frequency range of interest durin
the start Fist Jﬁ@@%@ﬂ%“%@ﬁﬁ@dﬁwm@eﬁwwmﬁ"@ogm%wﬂwc y

method andisda¥bicgaadrarfiisasH, WhichFilreSRPH & v URPANERAEmC! ai e of

the present application.
15  efficiency.

Secondly, due to the effect of multi-paths, the transmission from the device
furthest away from the communication device may not be fully accounted for
by considering the propagation delay alone. As the additional timing offset
20 interval is introduced to negate the effect of the propagation delay, it cannot
| ensure that there are no more transmitted signals from devices when the
determining of whether there are incumbent communication services
operating within the frequency range of operation starts. Therefore, it is not
possible to reliably determine whether there are incumbent communication
25  services operating within the frequency range of interest during the start of

quiet period scheduled.

This problem is solved by the method and devices as defined in the
respective independent claims of the present application.

30
In a first aspect of the invention, a method of determining available frequency
ranges for at least one communication device is provided, comprising

providing a downlink transmission time interval, determining available
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In a first aspect of the invention, a nethod of determ ning avail abl e
frequency ranges for at |east one conmunication device is provided,
conprising providing a downlink transm ssion tine interval,

determ ning available frequency ranges within a plurality of

f requency freapgesy adrigas Wiieindoplukalitk of fraeqaenesiamgetiafier itnd dowalink and
provi di ng_ an upli.nk_ transm ssi oa time interval after the determ ning

of the avAiANSHIEsiPR SqReiRisr VAl AGE LrOYRNGAT B liMciraRyBissIOprim @ dnterval
| nvent i onoriar IEAURRMINIAG BT SRIIRIE NBhia,yiRkbee for deter nining

avai | abl e Trequency rang east one co ni cation device is

provi ded, conprising a first unit providing a dowlink transm ssion

tinme ipterval etermnatian unit deternm ning avail abl e frequenc
> ft an DTS

e osour i & secBnd HsBEM ke valliol, BTt cmnty Tpges teRamistinn

transmi Ss?f@ﬂdétbfmin}rﬁi BV&AR fredlEncdy ARRRRGoHE foaBl Gd EbmehuMicatPhi Nk
transm ssion tine interval after thHe déterm ning of the available

f r equency dexiegds provided t eimprisis edirsbiinit peoviding atdawlink teansmissioat i on

device i s provi C | Si f.r ency ranges, det erm nation

devi ce fo}'ﬂgeeiﬁzgﬁghian%é{g%ﬁ?ggpg'nfﬁ@%%ﬂ@c@vq%gﬁﬁefgeqLberncé{traf‘%e%t one
comuni catitin deliretiy dfffeedueryennyed anaethetRivaiimknadrspiissien itieke
conprising a first unit providing a downlink transm ssion tinme

i nterval , tenal.and agerend yniterendt Boramuplinkalvansnaissienttineg irdapspl peges
within a i . he downl i nk

transm ssirt)‘lg)éjn[‘Tj |ér@¥ri“ﬁ 8&3@@?@%’%@3@%@ Laﬁ{gtetspr ovi ding an uplink
transm ssion 20tine interval after the determ ning of the avail able

frequency ranﬁ,eg. 11 usthat,i vel é the franme structure used in a
transni ssi®A N ZSRPGLAIINE iGN, B SoaETERicAtRN davicans Brayidet peri ods

for deter %mmggﬁ@ﬁgkﬂ%ﬁeﬁgﬁg o efrﬁi’f‘]%ﬁoh%egﬁ:ieﬁ@r Hé@%ﬂgnéz‘ég?itlaglé :r

determning that 71t is sul o0 select the quiet perio
downl ifk freguenty sarges far pt least ohg commuasisatidredevicet thedrequebmcaf t er a

coiot | por FELhER Bt e Ao iDa ikl an G T RRTg 3 SRt i o
t he cont exflan@iiddién ARIREL04I, %Qjéiéﬁnﬁ*ihmgé\% ﬂﬁit@é@érhﬁﬁihg dvafgbency

ranges for at |east one communication device provide are
anal ogousfigauaneyl rangest wighineplbeality of frequency ranges after the downlink

transmission time interval, and a second unit providing an uplink transmission

20  time interval after the determining of the available frequency ranges.

lllustratively, the frame structure used in a transmission is analyzed in order to
determine suitable quiet periods for determining whether a frequency range is
being used or not. After determining that it is suitable to select the quiet period
25  after a downlink transmission, a plurality of possible quiet periods after a
downlink transmission are analyzed and suitable candidates for use as quiet

periods are determined.

The embodiments which are described in the context of the method of
30 determining available frequency ranges for at least one communication device

provided, are analogously valid for the devices.



As defined earlier, the comunication device may be, but is not
limted to, a wireline communi cation device, a powerline

communi cati on device, a radi o communi cation device, a term nal
comuni cati on device or a Consumer Prem se Equi pnment device. A radio
conmuni catisouefied ewlief, dne ezmmlrdcatirydéliee may bes, mats hotlirhited t.a a
nobi | e radi.o .conmuni caf i gn devj ce, a sa{,el lite radi o communi catl on

devi ce, oWIEIRGIKOMMELIFAROR dexIce; AMoyRTiRg COMBIUHCAtON dRics. A tadiRy
avai | abl ecBhﬁﬁHﬁBéﬁoﬁ aBoieg, & ¥mdhal &ﬁﬁhuﬂﬂ%ﬂﬁﬁ%@e@é eBnsGHFe.

provi ded, may be used in any commruni cation system 10whi ch uses tine
di vi si on dupinése Eqmpmeﬁt@ievmmwio comTbicatiomedelicg, Sooexdrsples ethyt o
enabl e_bi ctio nmuni cat.i on,on a_si n%ﬁﬁgcon’n‘un | cat

di | . [ )
oo se, BRI eSS I ARy 2l i PEBed Yoo & et Mg radiorpp

may al so kenimesichtioraBvitk! 6 £pfolflRaHRY sadd SonAccordingly, in this
enbodi ment’, the communi cation device may al so be a wireline 15

communi cat I on device or a powerline comrunication device. As used

ransm sor 3R TR SRILATNEY draiRele TR aBeb i ATe T B co o
t he comuibaahimidati®y degice HoViaed emaypecusddia e%hﬁj’mmgﬁmaﬂbﬁ @ymm
device may be a transmtting and/or receiving station,

usual 1§ stvhigteypealime Cﬂ'ﬁ’é@ﬂ"e‘éﬂp'@ﬁ (BAR). é‘ﬁf)@&amlﬂ In TRE, dmdzws'on is
communi catkaf tgeubeR ﬁeé‘ré?:‘f'ioﬁ i8R on@% &' on.

downlink transmssion tine I n erva ?c#altrs to a é&ﬂ ne armunt of

time schedededcé dVhile dDDIis typidalignsedds Mﬂmlesjsncmnmrxaﬁtlohg ToBMhank
transm ssi on, an uplink trar?sm ssion from conmuni cati on devi ce

refers tod%% bg HERT &3 NeR-wire ?%CWF@E\‘Q%W”\Sr ORFRINGBG 1R SMfuni cat i on
devi ce to gfliddhBRE, 158 EBHIMGREARTh H8VIEE Fnay also be a wireline

15  communication device or a powerline communication device.

As used herein, downlink transmission to a communication device refers to a
transmission in the direction from the other communication device to the
communication device.

20
For example, the other communication device may be a transmitting and/or
receiving station, which is usuaily strategically located. In one embodiment,

the other communication device may be a base station.

25  In this conjunction, a downlink transmission time interval refers to a

predefined amount of time scheduled for a downlink transmission.

In contrast to downlink transmission, an uplink transmission from a
communication device refers to a transmission in the direction from the

30 communication device to the other communication device.

In this regard, an uplink transmission time interval refers to a predefined

amount of time scheduled for an uplink transmission.
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In this regard, an uplink transmssion tinme interval refers to a

predefined amobunt of tine scheduled for an uplink transmssion. In
one enbodi nent of the invention, an uplink transm ssion is schedul ed
after a downlink transm ssion, which will be foll owed by anot her

downlink transmission. In a simlar nmanner, a downlink transm ssion

is scheduled after 5an uplink transm ssion, which wll be followed by
anot her upl PAR & megi Phhe inveptien. /) Yrlinkdeanspissionds sehedidad adpon
may be a L esirf R i Lhgihet ween
Bl i Tk r o T D e e o

t he i nventiansméssomg.dnfa simikhenaleprnd eowniihkitrassmision & suhedoleahafter

enbodi pent  of t i nvent.ion, once, the downlink transm ssion tine
Tter VAl P IERgr TR eI N BB ool PHEd SraR LRI SEHER BR: of
the downl in¥eobdiagi§MnesteduldiPtrabsiisSlortifhy b8 A8 S¥PIrhRRhRsbRs
frequency ranges Wwthin a plurality of freguency ranges after the

downl i nk cpatiaueusly slietnatipgibetweealuplisk transinissiong avd dbwnlink schedul ed
qgui et perir%%is l'%s'(i())t is determ ned that the scheduled quiet tinme is
suffici entt, AE¥'YA%e the determination of the avail able frequency
ranges is conpleted, an uplink 20 transm ssion tine interval is
provi ded in one enbodi nent of the invention. Accordingly, after the
det er AP nafirebrdmenteobihg ingentior emguasmiron tegianendentipliaimg
transmission tine interval is provided. On the other hand, if it is
determ ned that the scheduled quiet time is 25insufficient, then the
next upli Wccbrding (o 6ae @mbadimentbetheahvemtiorh@nakltibe dbaaliae a qui et
time. In this case, once the determ nation of the avail able frequency
ranges i s 'GHAPISH@Y imeniptersal easmaneihe sRawnication davige ¢ormelelas thes
rovi ded. @t&‘r—ﬁﬂ i [ ln i gﬁ,\i}? '
!toransn’i ssiron tEbﬂe&iqhiggp\%ilﬂggra@rgﬁﬁ%g@%ﬁ%g ?f}%g%émer %gﬁ%}r[\e of the
avai | &bl e fleqegoencangesngitisin Bpiurality sf flkquennsminges afteathd dewnlink

e VoGRS T APl o e e 1

If it is determined that the scheduled quiet time is sufficient, then once the

determination of the available frequency ranges is completed, an uplink
20 transmission time interval is provided in one embodiment of the invention.

Accordingly, after the determination of the available frequency ranges, an

uplink transmission time interval is provided.

On the other hand, if it is determined that the scheduled quiet time is

25 insufficient, then the next uplink transmission time interval may be allocated
as a quiet time. In this case, once the determination of the available frequency
ranges is completed, another downlink transmission time interval is provided.
Accordingly, in one embodiment, a further downlink transmission time interval
is provided after the determination of the available frequency ranges.

30
It is also possible that the originally scheduled quiet time is significantly longer

than what is required to determine available frequency ranges within a



plurality of frequency ranges. In this case, the conmunication device
may be allowed to begin uplink transm ssion earlier than schedul ed.
In addition, if there is nmore than one communi cati on device, a first
5 communi cation device, which is nearer to the other comruni cation
devi ce, npurbblyiof fidqiempy irakgds. dn $his saksentheasdmmunichédon aesieeandy be
comruni cation devi ce, whi @n%i s further f{om t he ot her conmunication

devi ce. AGIBYEAAGIBLIN HPIHctransBgsioeRarlieniba gdulsfovi ded furt her

conprises providing a plurality of further uplink transm ssion tine
intervals after the determ nation of the 10 avail abl e frequency
ranges. | in anditienpiddinerens maredhan tihedqmmuniaton devite; adiostpr i si ng

providing a pluraljty of. further. dowmnlink transm ssion tjine intervals
D er e caataifibatien gRvise. Whithds SPEI8 the SRR PaRGELOR 8VER, one
enbodi mentmay BEgiRBENGSliNRtAHsHASSIBHANRET tRAATRN d6t@PidWinthiNication device
predeterm ned tine period after the downlink transmssion tine

i nt erval , whieh scugher fionythevetherabdmniunicatiomogeviea dasowingiynineone

plurality fr. s af.ter .expiration of the.predeterm ned
Pl e per | s bcsy AP AR ot GRS BaBibl e e meb VRS RREA D o
downl i nk fudismisiskararismiBsibAtigde RltervalsCaftdritRe dewrmih&inNghe that
there is no residual transm ssion signal fromthe other comuni cation

devi c&0i n avpidahle diesvessy 6angRsdi um for exanpl e, due to nulti-paths,
bef ore beginning the step of determ ning 25avail abl e frequency ranges
within a plurality of frequency ranges. Accordingly, in one

enmbodi mentn ohbenpadieicat, the exlethodgrowdied duritiserdiompviding eeovediag & hat

the downlink transm ssion signals have been conpletely transmtted
via the frpﬁqa@%{}l?‘wéw WRIB{rREn §Ropdime Atterateatietths disieraunatian i s

carried 0‘6?tl‘(/jé é@é;%b@éfrgagéﬁ%p%lggg_ta transm ssion frame structure,
at i on

wherei n the a transm ssi ane structure conprises a downlink
subfrafe provided for the downlink transmssion time interval, a

Fr equency 1RAS AMITARtA0BFPethet sTVRRL A AT e iR HRADY 2honi ssi on
time intepyddetehpeitiné Peri6€2tieh the YSIAATBIhSsAIscRNIRHe RREWRE Narid1e
downl i nk subfranme and the uplink subfrane.
determining available frequency ranges within a plurality of frequency ranges
after expiration of the predetermined time period.
20
Waiting a predetermined time period after the downlink transmission time
interval is carried out, to ensure that there is no residual fransmission signal
from the other communication device in the transmission medium, for
example, due to multi-paths, before beginning the step of determining
25  available frequency ranges within a plurality of frequency ranges. Accordingly,
in one embodiment, the predetermined time period is dimensioned such that
the downlink transmission signals have been completely transmitted via the

frequency ranges.

30 In one embodiment, the method provided is carried out within at least one
data transmission frame structure, wherein the data transmission frame
structure comprises a downlink subframe provided for the downlink

transmission time interval, a sensing subframe provided for the determining of
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5 As used herein, the termframe structure refers to the form which
defines how a tinme interval is partitioned into a nunber of
sub-intervals. In this context, a tinme interval of a predefined
period is typically called a frame, and a subinterval resulting from
a predefi nieel apaitabl¢é freguegcp and essuplinktsybiraaid yrovidddefdr theupliniame. | n
this conjuynctiaqn, an ag ate of a unber of acent frames i s 10
typi cal | ylff@asrfgaelan é!m?ek%rf?rgﬁ’e whgyeig t %ﬁﬁsgscﬁ@? aHISHTANEed Pefeen
and sub- T yRBBwAiRk Y86GamerarlPiR GHIARSTLRShY). However, it is
possible for a frane structure to have a nunber of franmes and/or
subfranmes assigned for non-data transm ssion functions, such as

control fynctions. Ln 15 one_enbodi fra |nthefra

Coei gndd PBUsEhBerall 82 RS rEde sy idtsurefert S ST WniaidatigRiow
llength (i ff&Mtepfalid pantitiohbd ErﬁombéﬁoﬁQﬁi—:rﬁ%&(@!ﬁh%bﬁt@xﬁ%e
assigned for the same function may have the sanme | ength. For exanpl e,

al | downl itime trégrat efam pradsdined pavistiria tiypicalyycatiedimiramehend amsuibl-engt h.

Ho h di.ff th
For - exampiBeRet Ll BEHCE BredbiMeg VARG PG 2 0 bl B~
transni ssisabframe, Im s eBjuhatien, i hggreahtd 6Nghlmbel Bf AORICBAL frévesTs €,
an uplink data 25 transm ssion subframe and a downlink data

t r ansiP ssityricalingaliere sagerira, wavdTaNeiaEPePt | engt hs. Li kewi se,
frames may have the sanme or a different I ength. 30 As used herein,
the termsensing refers to determ ning the avail abl e frequency ranges

wi thin a [lypicallytfyaabsfaneguseitymesrye uiselifot data traagafidsioh hdoveven, it
sensi ng sub- frage r ef rs to a quiet period of a predefined |ength.
For exanplePotH ledana; F?é”%ﬁﬂ?‘?fé‘ﬁ%t%ﬁg"%@ n%nut?er@‘fme?f anslios gubhamese

Transmi t - Bag@i kg fa-l"ﬁﬁﬁ%ié’ﬂaﬁls@%%nbﬁoﬁé‘%uﬁﬁsés fol ELHCTIOIHQ. [gne

enbodi nent, t'he nethod provi I's carried out vmt In at l'east one
5dat alfr almmme;’ebwrrfem.rmsebﬂramt-:‘unéhe herecisrassignedidoasensingm ssi on

frame structure conprises a frame group conprising a header portion
and a plurality of frames, wherein the header portion conprising a

downl i nk Sﬂbﬁ’f@hiéémafycﬂav‘é"tﬁe%@nw bf\!é d'iffé%@ﬁﬂbﬁétrp("h tdri® oftinfé)V @lisand a
sensi ng subportion provided for the determ ning of the available
f r equency possible that subframes which are assigned for the same function may have

the same length. For example, all downlink data transmission subframes may

20  have the same length.

However, as explained before, subframes may have different lengths. For
example, a subframe assigned for sensing and a downlink data transmission
subframe may have different lengths. In another example, an uplink data

25  transmission subframe and a downlink data transmission subframe may also

have different lengths.
Likewise, frames may have the same or a different length.
30  As used herein, the term sensing refers to determining the available

frequency ranges within a plurality of frequency ranges. In this regard, the

term sensing sub-frame refers to a quiet period of a predefined length. For



10 For exanple, the downlink subportion of the header portion may be,
but is not limted to, the conbination of the preanble transm ssion
interval and the super frame control header (SCH) transm ssion
interval in the systemdescribed in [1]. 15 In one enbodi nent, the
met hod pr exadgde ftbetsleasirgoerqhﬁm st e, Butiisigotlimitéditd, ¢hd Teansmicy

ranges within.a plurality of u ang conbi ni ng the
avail abl e ‘?C@é]‘{?eﬁ 6{ ap I(B%Q’S% g}fs%/y c%i?r}m ned | ogi cal frequency
range and al locating the at |east one corrbl ned | ogi cal frequency

range to the 20 first comuni cation device. According to the concept
of opport tlllmiogei&rnlsqrﬁn'tenm&hacmetmddne@idbdésjcwiehic&rt,withimet least one

t t hj
Cncunbint QA rRRFRiTan A RS, Aneein B SRR TSRS mer ef or o
possi bl e Zfuthaé cbhﬁﬁ%e@@@ém@%?ﬁl]ﬁ'c@fﬁdr@,mgsﬁh\éb@@ﬁp@l@ioﬂcﬁndh@ﬁ%rélltyy

conti nuous range of cluency to oper ate In I n view of his It
be necess&f Vams@whﬁrwe pedieadsr portgnaganaprising acinyenioy subpgdion fon

order to ui renent for
these of hai® SONFINK GalbBIRd bredurr e ssBre serlio SKEBb BTy 8 o
thi s enbodheraatarmifieg Bf tHodvaitadie freduéndt her 30 incl udes conbi ni ng
the avail abl e frequency ranges to at Ieast one conbi ned | ogi cal

frequéficy range and allocating the at |east one conbined | ogical

frequency Fro?{é%gnﬂ%tﬁgg dfoWn?ihﬁe%gﬁﬁﬁm ﬁ\%"tﬂ@ h@gﬁéFgomohr?nQ%Be but is not

enbodi nent provi er conpri ses scanni
pl ural i ty liofitefirte gthenaymbiaatjes of thed prreramblegraanﬁsﬁem fraels/agaatﬂ the

transm ssion ip a res ency ran i s below a predeterm ned
t hr eshol d.SUPﬁF{;ﬁ C\(ﬁ}‘? ge'f {1‘%‘9‘5 ABmissIsIRavadR the spsem
respecti vecEE@OMERCHM]r ange is bel ow the Spredet erm ned threshol d,

then the frequency range is classified as avail able frequency range.
In théScase where the signal transm ssion in the respective frequency

range i s not be det er m,ned .t hr, t hen t frequency

Fange i UnppRETHdREnE BE SengH Mgl R romalead ey
available frequency ranges within a plurality of frequency ranges, combining
the available frequency ranges to at least one combined logical frequency
range and allocating the at least one combined logical frequency range to the

20  first communication device.

According to the concept of opportunistic spectrum access described earlier,
other communication services can operate at a frequency range when an
incumbent communication service is not in operation. It is therefore possible

25 that these other communication services do not have a continuous range of
frequency to operate in. [n view of this, it may be necessary to combine
pockets of available frequency ranges, in order to achieve the minimum
frequency bandwidth requirement for these other communication services to
operate in. Accordingly, in this embodiment, the method provided further

30 includes combining the available frequency ranges to at least one combined
logical frequency range and allocating the at least one combined logical

frequency range to the first communication device.



10In this enbodinment, it is described how determ ning avail abl e
frequency ranges within a plurality of frequency ranges may be
carried out. In addition, the relationship between signal

transm ssion in a frequency range and the classification of a

f r equency Im angenlsodiingot, dké inmettlod provitied furthdradnisrigasestanamy aed

t hreshol d Parﬁltamt?r' In this regard, the pr e?%éerm ned 15t hreshold is
a sett abl @paitypifeauensy mRoesHStRTMINNG, Whethes ersana tensaussIen i fer
conpri ses ; i r

i st ance. Betasane MedieREy Fathc B o e ae i iied e BRag. ARb Bbe
devi ce. 2@Whene timesignbbdamemissidmintthe respdubise freauieded randeeisdidiew the

jcati devi i t] . nbodi | t, th t hod
rovi dba- PIRAIE befhiesBolth Iy I hefienieopes R sess TRl s alotl
technol og¥reqliBn@PRIRY. 1€ FROEASERherd R SHhAItRARNMESBA In IHARIPLE/ION

t echnol ogy being sel'ected froma group of nultiple access
t ransmi ssifeaueachrarasgsawt belsy the prgdetermined threskoldnthenl the fteguency

access, f ency..di vj sj.an L.tiple.access. _cO division nultiple
access, o&ae'ﬁ%ﬁo%%[ﬂjad$'lr'gqq.i%%é@ﬁ(ﬁ?%Pgingm%w"f"%%ée'access. 30 It can
be seen fromthe nethod provided by the invention that the quiet

period is schedul ed after a downlink transm ssion. This approach has
the f&f1 ol His aobeslirages it is diepstibgd hew aetemjningnaailablediealanest i on

device co s ' L ink, tr ] SS .1 he
end of t nei TS PEFARY bEReQlehclErarlE Y ob AR &7 MaBliubl

t ransmi ssiluneeldticmshimgei@arcsignAicteaniamisgiby,in deftefusntyngnge bhe the

avai |l abl e freguenc anges within a plurality of frequency ranges can

guen Ly ¢
be carri e&raéﬁg'cﬁ 8]E af@ayenry rangs paigo detinech i Kelation 9 thBpr oach
al I ows t hg . exdtstrhiRgd iR Hé\g | : Wi ] di tional
tine is a rocat edI ?or theogbﬁl et %éégﬁé@%'g?eg%ﬁgf%g@%%S@ﬁ@?%me,
t hi s taci lhreaheld is hesedtpbtchpamanzeter.on of t he qui et periods for sensing
anong overl apping cells. This also facilitates the synchronization of
the frame boundari es anong overlapping cells, which is inportant for

their coey gh&@ffbodiment, the method provided further comprises the sensing
period being dependent on the geographical distance between the
communication device and another communication device.
20
In one embodiment, in the method provided, the other communication device

is a base station.

In one embodiment, the method provided further comprises using a multiple
25  access transmission technology. In another embodiment, the multiple access
transmission technology being selected from a group of multiple access
transmission technologies consisting of time division multiple access,
frequency division multiple access, code division multiple access, or
orthogonal frequency division multiple access.
30
It can be seen from the method provided by the invention that the quiet period
is scheduled after a downlink transmission. This approach has the following

advantages.

10



Thirdly, this approach is sinple in ternms of inplenentation, and does
not 15require any additional timng offset intervals which wll

result in a |lower overall systemefficiency. Figure 1 shows a

comuni cati on system according to an enbodi nent of the invention. 20
Figure 2 shows a frane structure where Frane O (frane innmediately
after the_ S is,allocated as a ﬁw et perjiod for sensing accordin

to an enb6UPHERC d9INgHANEE 3 SRMMGHNIcCaten &@V'&eé’oﬂﬂﬁkeséh? reGRPt @E"r‘lfé'f"?gjr e
wher e t he 4giinfihk BeRhsRMsdidn at #wﬁ%@ef el &tsmmgréf e |%é56ﬁ tAE Yrterval

according to an enbodi nent o I nvent1 on Igure 4 shows a frane
st r uct ur e théreraretrioamqre tanpmidsizhsafirdmcatyedevics | Amtesdingly, @&Brminieg and

th bf. F di 30enbodi t of t

 nvent 7 onhe BrEHLE GGHE0S Erites TSR ARPIHD GHEr-RY THURER CHebFoq

al | ocat ed chfddielgsminhediZtely haRelid uplink subfranme of Frame n and
€ o

t he downl i nk subfrane of ane n+l1,” according to an embodi ment of the
i nvention. 5Figure 6 shows a table of Downlink Channel Descriptor

i b rmy S50 oo T B DR el Wi 155 SASHER: e HACIATRE: 3 Be
Fig. 1 shmmumnwmncﬁdumnmm@r@ 20668 d6cihroqliet gan@cﬂm@dsmg of
10t he i nvention. The conmuni cati on system 100 conpri ses

comu#® catli ih@Fﬁfg%ttBﬁl feilitates the ineropFaiipn ddhe %a%teogmﬁ fon seBsng
103, a fi %ﬁ{ iH %%ggllsdg*ﬂl&gg()@%@{ %é h@s rqizéfltfr%ft e frame

communi cat’l on deV| c& comunrcati on
devi ce (CB8undé¥es among overlapping cells, which is [mportant fortheir coexistence.

Thirdly, this approach is simple in terms of implementation, and does not
15 require any additional timing offset intervals which will result in a lower overall

system efficiency.

Figure 1 shows a communication system according to an embodiment of the
invention.
20
Figure 2 shows a frame structure where Frame 0 (frame immediately after the
SCH) is allocated as a quiet period for sensing according to an

embodiment of the invention.

25  Figure 3 shows a frame structure where the quiet period is allocated within the

TTG time only, according to an embodiment of the invention.
Figure 4 shows a frame structure where the quiet period allocated includes

the TTG time and the uplink subframe of Frame n, according to an

30 embodiment of the invention.
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The data transm ssion of the communication cell 101 may use frequency
ranges not used by the television transm ssion station (TS) 111,
which is |ocated near the conmmunication cell 101. In this case, the

t el evi sion broadcast 20 is the i ncunbent comruni cati on service. Frane
st ruct ur efigure 5 yipopwes bl fyams sttudiure mghege dlaé quiet pagot sfdcated Fetludes

conmmuni cati on cgel 01, a frame structure as illustrated in Figs. 2,
3, 4 and 5 may 'B%H-Ji‘%émﬁum%@&ﬁﬁ‘t%ﬁ#%%m%@’Bﬁf’aﬂj Q¥MiRni cat i on
system 100 may PSS di W i I
area network (\?\I‘:‘j?gfl\}l)é |1i ,Fﬁﬁﬂﬁﬁﬁm?’s an %Ibgglagoﬁpgﬁ@%rﬁlﬁgﬁ% vEhESKH:
communi cati on services operating based on the concept of

AR AL e S SR el e R
(UHF) fregusnsytsindedinrl ABSSsAToMrB (MIKC Pl shhids w%h%a?%\éecr%'nbggdy

been allocated for the use of television (TV) broadcast and Part

W rel ess 0 gnpighent ageambediment of heliventiomvoi d causing interference
to TV broadcasts and to Part 74 devices, WRAN devices, such as base
stations (BS) and custoner prem se equipnments (CPE), nust be able to

carry out Fa%_r‘libh@\bb% sheunictionfsysiten 100WHRERIInG &TEH Ringtsdivent of
servi ces, ile determining the availability of the 5 frequency
range$0i nthghinvgntiody are operating. Fig. 2 shows a frame structure
200 according to an enbodi rent of the invention. 10 The frame
structure 200 conprises a plurality of superfranes. A superframe k

201 conpr iThescoammueratibn sysians 100 Sioatpriseanec@tthunicalioh systems el 300N
frame 205 and a Iuralit%% of frames 207, with Frane 0 209 all ocated

as a qui eVl FOIAPTIBES 3ditserifation(BR) $03Alst sommynieatianedaisa (CDT)
transm ssigBg fraREn4@ §g$|.l r’m j fﬁwg 0bzake used
for downli nk’trsans%gsgﬁt%%gq&Q@gn tﬁ%@?qaéi et Bgr@i?oe¥ o;[l%@gfr']%?ng (Frane
0 209)5i s cammangjeatigrodedca{CEB) d08ownl i nk transm ssion. According to
one enbodi ment of the invention, the two-step sensing approach is
used for determning the availability of the frequency ranges, which

uses a 20 Thasiats tRFshisSich of tlﬁ?éérﬂﬁw@ﬁﬁbt@nfdéﬂeltﬂerﬂé&%e%&ﬁ{e pgri od.

For exanple, the two-step sensing approach as described in Iil] is

used accof@igas 1o uned ntbedelaviriontranseissivestation (TS) 111, which is
located near the communication cell 101. In this case, the television broadcast

20 is the incumbent communication service.

Frame structures are typically used during a data transmission. For
communication cell 101, a frame structure as illustrated in Figs. 2, 3, 4 and 5
may be used during data transmission.

25
The communication system 100 may represent the proposed IEEE 802.22
wireless regional area network (WRAN) [11, which is an example of the other
communication services operating based on the concept of opportunistic
spectrum access. The proposed |IEEE 802.22 WRAN operates in the very

30 high frequency (VHF) and the ulira high frequency (UHF) frequency band
(between 47 MHz and 910 MHz), which have already been allocated for the

use of television (TV) broadcast and Part 74 wireless microphone devices.

12



The fast sensing quiet period can be enpl oyed to anal yze the
frequency 25 range and to obtain a quick estimate on which part of
the frequency range nay be occupi ed by incunbent comruni cation
services. The fine sensing quiet period is typically enployed to

t hor oughl yn andgnjieevolibcdusiog ériesferamcgaoi TV brodeicasis aret odPart [d
presence of Incu ommuni cati on seryices. er ef or the fine
sensi ng qﬁegfceﬁewhi MSA5 E’H&I‘)?S{B&?&e%fatﬂ%qg}@r\da‘gfs‘?@@?éﬁg‘?m@e

qui et per iggdlipmémtsiEPEIORTRY be Hblétd ¥arrs baPa $EIHIE dcRRABARE the t he

al l ocation of a %U|et period after an SCH transm ssion (Frame 0 209),
as shown incumbentzommusigatianisenfices, wduleadetarmining hermiangbiljtyi aftthe
peri od 5%%%. % is.an ill stﬁ tion of onﬁ enbodi nent, where the data
t r ansnf ssi GMoPRERE HTUE M @W?@' Q93 frame group conprising a
header portion and a plurality of frames, wherein the header portion
conprising_a downlink subportion for the downlink transm ssion tine

i nterval . 4 shawsianfametstisictyrer2 9 assaidingfte ant ¢rebedimantiofthey of t he
availableigeﬁﬁgﬁncy. In this 10 enbodi nent, the downlink subportion
of the header portion may be the conbination of the preanble 203 and

the SCH 205, and the sensing subportion may be Frane 0209. Fi g.
3 shows a_fr structure 300 according to an enbaodi nent of the
15i nveéfit i e Teaae siniciire 400G SRS @gﬁﬁhtwﬁ@aeﬁ@m%ﬁr-ﬁ supgrirame k

superfra @Fﬁs i e rfr rafre. n 301
colrorpri seg%qudgjr I rﬁ%%ﬁﬂﬁe’r@%‘g t% @? §%thq§h§rg§§‘rét - e(grjép\s/@[ r'ansi tion
Gap tine (EMG 285 andraplamalipof fanE 200 fwitmBranuS) 2@7allosatdd ada quiet

Transm t-Recei,ye Transition Gap tj 05 allocated as a qui et riod
for " sensi HETOR {0 H1i51i:JB (Nisiieogu PR e Bampls raasiaagn aga0s

arranged GpadhRe HE I8 transHR¥Ebh Manid 205 Brs 8568 fortfovirtIfk iRk sioReCei ve
Transition Gaﬁetl me 305 is relatively short, this quiet 25 period is

nmor e $hi t @apddhe siaieriad far sersing ¢éhrsinmg 0ddli% is peranget] toake afiedai n f ast
sensi ng, t%ﬁ/h gg%h of. t.he downlink subframe 303 which precedes this
qui et sengl Q ﬁ |88?“%%9nbe fixed at a specified value, for exanple,
equal to half the franme length. This is done to facilitate the

synchroni zati on of quiet periods for sensing anong overl apping cells,
say, for &capplieg te ang emadimest ehthegoventiasy, dieg twerstamsgnsing aperogghet

period to;basHS R Remhihinitnd HVa il Fhe BRGLEHey ranges, which uses a
20 fast sensing quiet period and a fine sensing quiet period. For example, the
two-step sensing approach as described in [1] is used according to one

embodiment of the invention.

The fast sensing quiet period can be employed to analyze the frequency

25 range and to obtain a quick estimate on which part of the frequency range
may be occupied by incumbent communication services. The fine sensing
quiet period is typically employed to thoroughly analyze the frequency range
in order to detect the presence of incumbent communication services.
Therefore, the fine sensing quiet period is typically longer than the fast

30 sensing quiet period.
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additional tine can be obtained by allocating the subsequent uplink
subfranme or even the downlink subfrane of the followng franme, for
this quiet period, as shown in Figs. 4 and 5 respectively. It is
inmportant to note fromFigs. 4 and 5 that while the quiet period for
sensi ng has thkeeont=xt ehdddp-dtbp seasimgaaip@eact, thelzleqation of a ayukst wried

still maintai ned ] 9. 3.is an.illust ion of one enbodinent, ere
The data AEham SCPbkEnsisstar (Freme 8 2Byer sBond B iRl Ane SUlstiady
provi ded fi@e 418 fiA8WBhLAE dUidSdAcSi on tinme interval, a sensing
subfrane provided for thé determning of the avail able frequency and

an uplink subframe provided for the uplink transm ssion tine

ownt | o Ei8r7 580 WHGuBRRR G Bnd erat ekt vidrBlE Sorlsdie Rission e
downl i nk  subEfAER0TRLRGIddRea flaWd § ﬁ%&ﬁﬁm@g dhbadePpoRRMSARa

subframe (which is arranged between the downlink subfranme and the

upl i nk sulPfyraligofifmes wheren thedreaderposiorecarnarisingisodowgalinkt i me 305

and the upl | . i f Q7 ig. 4
ahovs 2 1 PaRBSLBAIEr GBI b inlag e g kb alBRd A serihidse

i nvent i onsubpottiod groakiedsor thet dstermBlihg bhitetiuafibbeTeubnco! InBRsi ng
401 is_arranged 20 between the downlink subframe of Franme n 403 and

the dédnl ieAdadimenhiige sowniinksuhpartipo! the headeneoiganataybeitirl f or
sensing | %ogrg%rhé}id?{éﬁﬂgﬁﬂeéﬁb@??é LRk t@e@\{l‘?b@kaﬁé e Sgen- In

this case tional tinme 1s allocate e quiret period for
sensi ng, andpotiios rmdyibei Kraale 01208.1 s taken from the uplink subfrane
of Frame n and the relevant transition gaps. 25 Fig. 4 is an
illustration of one enbodi ment, where the nethod provided further

conpri si Ngigr ¥hGiv % RarbhildthRturd éé%r&ipgrié HnSéthBAdih iR of fHeer val
after the determ nation of the avail able equency ranges. In this
enbodilfrentinvertionf urt her downlink transmission tine interval provided
after the quiet period for 30 sensing is the downlink subframe of
Frame n+l 405. Fig. 5 shows a franme structure 500 according to an

enbodi mentrheffrdrie striitirei3v0- comprises a plurality of superframes. Frame n 301 is
a frame within superframe k. Frame n 301 comprises a downlink subframe
(DS) 303, a Transmit-Receive Transition Gap time (TTG) 305 and an uplink
20  subframe (US) 307, with the Transmit-Receive Transition Gap time 305
allocated as a quiet period for sensing. In this case, the quiet period for

sensing is again arranged to be after a downlink transmission.

As the Transmit-Receive Transition Gap time 305 is relatively short, this quiet
25 period is more suitable for use as a fast sensing quiet period. As used in fast
sensing, the length of the downlink subframe 303 which precedes this quiet
sensing period, may be fixed at a specified value, for example, equal to half
the frame length. This is done to facilitate the synchronization of quiet periods
for sensing among overlapping cells, say, for example, in a WRAN system.
30
In order for enable this quiet period to be used as a fine sensing quiet period,
additional time can be obtained by allocating the subsequent uplink subframe

or even the downlink subframe of the following frame, for this quiet period, as

14



In the frame structure 500, the quiet period for sensing 501 is
arranged between the downlink subfranme of Frame n 503 and the uplink
subfrane of Franme n+l1 505. Here, the quiet period for sensing is
again arranged to be bSafter a downlink transm ssion. In this case,
addi t i onalshoivmeiniFigal 4 aralt & despedtibelygliiie impentantdofrmote $ons Figs. 480d 5

this additjonal, time is, taken fromthe upljink subfranme of Frape n,
e downl L Ghis 18U PBFGHJON SENSIG HARCDFR EYRHEcRr HIRPovRTipRAT
10Fi g. 5 isgpadghidntyidmed bﬂ!‘siﬂfm‘éﬂﬁaiﬁ@ﬁom ment, where the nethod
provided further conprising providing a further uplink transm ssion

time interval after the determ nation of the avail able frequency
ranges, In.this e dinment, .the further | ink.transm ssion ti

nror vl Biss B8 QRSN of fOF srifadieat RYbets he AR réemissia Fame
subfrane etrubfiegRomplise8a ddknifiidsubiirsihe Wovid ¢ Rirah& @BwafinkPownl i nk
Channel Descriptor (DCD) information el ements of Medium Access

Control ( Magpmigsienges Wareal, asensingesidiigrae pooviagd frdhe dgtermining of

Thodi e . 1 i nk ot
it ormac | 51 Peb s PEGURA8 g BRIk B BlayBRCRE talke) s of
t he downl imkshiissismtingl iDteredlanmeleinAiie sbavngisubiathe B artdiyeddietwekh
Sensi ng RTG 601 and the row wth Channel Nunber for Sensing RTG 603

may bé0chégdawaticihpubirgne ans thegidink subgama o thisentbasiment the

! C . ; .

cor r esponaoimiBk 3B ma) BB MR REANAES0S e RkhE dubtams .
Sensi ng R(&hiehls andingbd betmean the Ghantiek shbfrdrae dnarth8amdink gublr&ém@)3.

In this docunent,, the faol l.ow n ubljcation.is cited: 30 [1]"A
v VG PRGBAING SFansEREREEoNEsT TARROR AT erab Snd thenabiiligni ¢ ve
MAC™, Dby §Eﬁram€rmalj|%\4ﬁé1ug§i%B1suNﬁéﬂfeoﬁ@7. Next Vave, Philips, Runcom
Sanmsung, STM Thonson, March 2006. CLAI M5
15
Fig. 4 shows a frame structure 400 according to an embodiment of the

invention.

In the frame structure 400, the quiet period for sensing 401 is arranged

20 between the downlink subframe of Frame n 403 and the downlink subframe of
Frame n+1 405. Here, the quiet period for sensing is again arranged to be
after a downlink transmission. In this case, additional time is allocated as the
quiet period for sensing, and this additional time is taken from the uplink

subframe of Frame n and the relevant transition gaps.
25

Fig. 4 is an illustration of one embodiment, where the method provided further
comprising providing a further downlink fransmission time interval after the
determination of the available frequency ranges. In this embodiment, the
further downlink transmission time interval provided after the quiet period for

30 sensing is the downlink subframe of Frame n+7 405.

Fig. 5 shows a frame structure 500 according to an embodiment of the

invention.

15



What is clained is: 51. A method of determ ning avail able frequency
ranges for at |east one conmunication device, conprising providing a
downlink transm ssion tinme interval; determ ning avail abl e
frequency ranges within a plurality of frequency ranges after the
downlink transm ssion tinme interval; 10providing an uplink

transm ssion tine interval ter the determ ning of the avail able
frequency I g?ﬁgﬁ’emezﬁ rugir dBe suiet|pgirigd for ?%53%50&&@?@@9?@

rovi di ng Ak IS5 ' | r f
Dt or ny Catheen b doA SiofrSRBRTETaeT: Soganithe by SLORImERS
claim 1, fruamesr+tbdpriisienghe quiet ppriodifali sensingiswagdin ayranged to baer

O o BB oS L S SO ER E ShS R e

conpri si Nguiet perioBTON 56hd18g il tHigthdd¥ioR! tirHE i @ikef TMMh ki uplink
transm ssion tine intervals after the determ nation of the avall able

f r equency suhfiges. ofF5BmEna, thetdwwnliok stibfiame of Franeer 7 anddhegeleyant

tme |t ol SEEREhYABTEE, o TP Phg avai | abl e frequency ranges w thin a

plurality of frequency ranges after expiration of the predeterm ned

time (()ar ! %?Q. 5 is an illustration of one embodiment, where the method provided further
comprising providing a further uplink transmission time interval after the
determination of the available frequency ranges. In this embodiment, the
further uplink transmission time interval provided after the quiet period for
sensing is the uplink subframe of Frame n+17 505.

15
Fig. 6 shows a table 600 of Downlink Channel Descriptor (DCD) information
elements of Medium Access Control (MAC) messages which may be changed

to implement an embodiment of the invention.

20  Downlink Channel Descriptor (DCD) information is used to describe the
physical layer characteristics of the downlink transmission channel. As shown
in Fig. 6, the row with Sensing RTG 601 and the row with Channel Number
for Sensing RTG 603 may be changed accordingly to implement an
embodiment of the invention. An example of the changes to be added and

25 their corresponding values are shown in bold and underlined in the row with
Sensing RTG 601 and the row with Channel Number for Sensing RTG 603.

In this document, the following publication is cited:
30 [1] “A PHY/MAC Proposal for IEEE 802.22 WRAN System, Part 2: The

Cognitive MAC”, by ETRI, FT, HuaWei, I12R, Motorola, NextWave,
Philips, Runcom, Samsung, STM, Thomson, March 2006.
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30 6. The nmethod of claim5, the predeterm ned time period being

di mensi oned such that the downlink transm ssion signals have been

conpletely transmtted via the frequency ranges. 57. The net hod of

claim1l1, the nmethod being carried out within at | east one data

transm ssiQUAIMSme structure, wherein the data transm ssion frane

structure conprises a downlink subframe provided for the downlink

transm ssion tinme interval 10a sensing subfranme provided for the

determ ni RgnL Qﬁi&ﬂﬁ yai! abl e frequency; and an uplink subframe

provi ded for R I'nk transmi ssion tinme interval;

t he sensing subfrane being arranged bet ween t he downl i nk 15 subf rane
nk subfra of claim1l he net hod

gg?nghgauql od AT PHOSETMUHES SYAER TR dH PR Ges AT ot st one
structur e100M?ﬁﬂ|%b§t|ér§‘8e9|i@é?c6rhéﬁélﬂbsS' on franme structure conprises a
providing a downlink transmission time interval,
determining available frequency ranges within a plurality of frequency
ranges after the downlink transmission time interval;
10 providing an uplink transmission time interval after the determining of

the available frequency ranges.

2. The method of claim 1, further comprising
providing a further downlink transmission time interval after the

15 determination of the available frequency ranges.

3. The method of claim 1, further comprising
providing a plurality of further uplink transmission time intervals after
the determination of the available frequency ranges.
20
4, The method of claim 1, further comprising
providing a plurality of further downlink fransmission time intervals after

the determination of the available frequency ranges.

25 5. The method of claim 1, further comprising
waiting a predetermined time period after the downlink transmission
time interval;
determining available frequency ranges within a plurality of frequency
ranges after expiration of the predetermined time period.
30
6. The method of claim 5,
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20 frame group conprising a header portion and a plurality of franes
t he header portion conprising a downlink subportion for the downlink
transm ssion tinme interval; and a sensi ng subportion
provi ded for the determ ning of the available frequency. 25 9. The
met hod of cl ai ihd prédetehmineddims petiod being dimaisicied sudhthav&id abl e

frequency ranges within a pluraljty of frequency ranges; .
combi ni ng C{qw a@éﬁanéml%&@? é&r@?&pav%ﬁa@a cogpigtelydsansraified vigthened

301 ogi cal f{dLBHEPENndANge; and all ocating the at | east one
conbi ned Iogoﬁ%@aﬁyI rne uency range to the first communi cati on devi ce.

10. The method of claim1, further conprising scanning a plurality of
frequency Jang determ ning, whether a signal transmssion in
a respgct if};e ff@'ﬁf@ﬁwdr%ﬁé@m_? d:below a predeterm ned threshold, 5in

case the signalihé hstRad Beircamieti it VATRESE lokSt bASALRNEINrARERN S

bel ow the predeterm ned threshold, then classitying frequency range
as avai | alifagne sgcigne ywinensiethe datadensniission draae stractard ssmprisés t he

respective frequency . ran i s not .bel ow .t he predeterm ned
{hrbehol d. ¢ hen <kt SianiCRaSrge Bivutga R he aRliRg SR ncy
range as bigidptéroat avail able. 11. The nethod of claim7 or claim8,

further conprising ) ) o
a sensing subframe provided for the determining of the available

frequency; and

an uplink subframe provided for the uplink transmission time
interval;

the sensing subframe being arranged between the downlink

15  subframe and the uplink subframe.

8. The method of claim 1,
the method being carried out within at least one data transmission
frame structure, wherein the data transmission frame structure comprises a
20 frame group comprising a header portion and a plurality of frames
the header portion comprising a downlink subportion for the
downlink transmission time interval; and
a sensing subportion provided for the determining of the
available frequency.
25
9. The method of claim 1, further comprising
determining available frequency ranges within a plurality of frequency
ranges;
combining the available frequency ranges to at least ocne combined
30 logical frequency range; and
allocating the at least one combined logical frequency range to the first

communication device.

18



t he sensing period being dependent on the geographical distance
bet ween the conmmuni cati on device and anot her conmuni cati on device. 15
12. The nmethod of claim 11, the other comrunication device being a
base station. 13. The nmethod of claim1l, further conprising 20using a
mul ti pl e d@cesTherrmathudssii adaint ¢cfunibleogymptidingThe nmet hod of cl ai m 13,
the nultiple access, transm ssi technol ogy being selected froma
group of multi gFeNRRg&sRIUfalRne r§9?%‘?ﬁ‘t'@@%ﬁ§l ogi es consisting of:
25time divisio hole i Hﬁ%%( TRVATES ' Ss,
code division %%*@béﬁggﬁ%ﬁ@ %(g}ona |ﬂ§§é£h§%s@%@gﬂ%§q%ﬁ i ple
access. 30dngAstbalguwenpredetergdsed diresholdat i on devi ce for determ ning
avai | agl e frequency.rangeﬁ'&flar at | east one (%ommni cgti n devi ce,
PHEVPIEN

comprising a first Uhfe AtransigiRaiendR the HRARCEe Jraveney
ir gﬁlg(ra\s{almi; trahr?gnéilg;tl%imvriﬁé inPEdatBHhirdatAFSEHANA dhé Blasamlifg fre@BEREF Yange
as available frequency range;
in case the signal transmission in the respective frequency
range is not below the predetermined threshold, then skipping frequency

10 range or classifying frequency range as being non-available.

11.  The method of claim 7 or claim 8, further comprising
the sensing period being dependent on the geographical distance

between the communication device and another communication device.

15
12.  The method of claim 11,
the other communication device being a base station.
13.  The method of claim 1, further comprising
20 using a multiple access transmission technology.
14.  The method of claim 13,
the multiple access transmission technology being selected from a
group of multiple access transmission technologies consisting of:
25 time division multiple access,

frequency division multiple access,
code division multiple access,

orthogonal frequency division muliiple access.
30 15. A frequency ranges determination device for determining available

frequency ranges for at least one communication device, comprising

a first unit providing a downlink transmission time interval;
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plurality of frequency ranges after the downlink transm ssion tine

i nterval; a second unit providing an uplink transm ssion tine
interval after the determ ning of the available frequency ranges. 5
16. A communi cati on device, conprising a frequency ranges

det ermi nati on aeddteenihationenitrdetevnmigingvaidilablesfréquemegnasgesngrim 4 or

at | east one ¢o ni cati on device, the frequency ranges determ nation
devi ce co ?@V EAUPNCY T]HGS iﬁ@f\ﬁh@l‘i‘i’@’r&r‘ﬁ&ﬁﬁlﬁwﬁ@"?‘? Hmenntesvaln tine

interval ; 10 ﬁarurngﬁrbgfaﬁgﬂaﬁuﬁﬁﬂrahgﬂnml f%bé}ﬁﬂem it gir

ranges wi t hi n a plurali reque Cy ranges er t

t ransni ssdetermimigiaities awdilable frequency rangessecond unit providing an
uplink_transm ssion tine interval after the determ ning of the

avai | abl e frequency ranges. 15 17. The communi cation device of claim

16, being4g W %e&drﬂmﬁmﬁ'd@ﬁdé)%oﬁﬁiﬂsﬁ?ga% uéhsy rHé?téltrhﬁgtion

device of claim 16, 20being a powerline conmuni cat’lon “devi ce
comuni catlevisedeniietermining avaﬂatﬁe fiegliagcyarargdisdocehieant ae i on devi ce.

communi caEp o uger e 08458 ThE Teduaied cahg e da BN CaTan CAMER IO R ng
a satellite radi o camMusiepicWdiRg Y FfvnlPR transmission time interval;
10 a determination unit determining available frequency ranges
within a plurality of frequency ranges after the downlink transmission time
interval;
a second unit providing an uplink transmission fime interval after

the determining of the available frequency ranges.

15
17.  The communication device of claim 16,
being a wireline communication device.
18.  The communication device of claim 16,
20 being a powerline communication device.

19.  The communication device of claim 16,

being a radio communication device.

25 20. The communication device of claim 19,

being a mobile radio communication device.

21.  The communication device of claim 19,
being a satellite radio communication device.
30
22. The communication device of claim 19,

being a mobile radio base station.

20



22. The communi cation device of claim 19, being a nobile radi o base
station. 23. The conmuni cati on device of claim 16, being a term nal
communi cati on device. 24. The conmmuni cation device of claim 16,
5bei ng a Consuner Prem se Equi prent devi ce.

23.  The communication device of claim 16,

being a terminal communication device.

24.  The communication device of claim 16,

5 being a Consumer Premise Equipment device.
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