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COGNI TI VE MULTI - USER OFDVA Background of the Invention
Wrel ess connections between conputing devi ces have
whe@snesedbncr easi ngly common as conputi ng devi CBET/N&2087/085556
becone nore nobile. As a result, wrel ess connections
are now used_in a variety of ways. For exanpl e,
wirel ess COWMTLW%M%TJOH@ER]@MS to
connect to hard-w red networks though access points so
t hat devices brought within range of the access point
can access network Eggk%%lfn%sdf_tﬁeu&gﬁ&%nservers and
printers. Wrel ess conmuntcatton arso al |l ows conputi ng
devivdeds@ofsthiond bdt@eai fhipgidRRelicaghsle \beC@fic Mdreaingdle
hoc basis so that the devices may exchange data
CORMORGS CORAYIIHG dQHCC haYRRICPIIEIRGTE MOpic el dBispkwicless
| . .
oo B e o R Vo i o
allbwe cqareptingsicgitas ® doahve enhirdevidelnaesrka domgtiiang: st poiats so that

de%/:lmﬁr | es

conmuni catbglg Qr ot ocol . I\/ag%;s W rel ess
ARSI 5BE BEGF STy PRIBT G A56%H NSIYOSK Fosafgeh syeh as
serSPRGhA PRhicRE OyiftLicBhen HiRARBE hRo AHGWs E&ﬁ%ut{ﬂél debRESto connect to

conmputing devices nmay transmt data at the sane tine
othendomputing dewridenverh ed énckasni sothetdbd dotibmmay@xchogemiata without

Fr.equency Division Multiplexing (OFDM) is one
an%_ﬁﬁ%ﬂﬁ‘?@é%&lﬂrepr otocol, used in both wireless and

Wi T ad BRbWEH Kirclehs dhin6&tiod JebREHaRe o ﬁﬁﬁ%@éﬂiée‘é, a portion of a

divided into multiple channels. In OF channel s are ,
frefrugnchiepecdiivg Waded totcarry sadip fipqeengsisicnals betveasn dhasdeveegs recording

it rel ativel r ndw . ' ..

to i YaF LR MBI PE AR colfultialPh resosphysivide an
avdibibfe fBetpee@t dpetteurh dntd eiuliipie chalncsuth pat muftidtd SgnMiting devices

ot her el ectromagnetic interference and the risk of
maydFangtisiatict thit picd ranhend HEYRFSANtREsICRge WE pechsother.

i SO B PR S5 SRERSEDM R ol i ion
pratadod, \ped frobathmdels adhtvaed netmenitst iresthiol arfregqueattgrspedtrum is

.Summary of. the | nyenti ireless and wired, ..

leé%?ﬁ%Hm it b BRI 0RO Ui e euter v iderbing ety cqual

subleh}AeR, &&h vath SRILIGEEhasBh- 1haReh By JHe: SIBLHARRNNE! Sarrow
may be selected from anywhere in a frequency spectrum

bandyaldibe copymuheatamsput lengswesritibéstofdstrineonatumilopath dading or other

Sub- channel s .may be | ected based gn sur nts of
cleF T A Cr Rt afe i e e BT e e TR erby
de¥ib& @hfrh@lienmy thohifh Witlefels édificStithis GHRANGIISWAICE can lead to higher
sel ected, a cognitive process may be used. A cognitive
dafgrafeeesimpremddirieg rate peiierniatge af dabm trasyniHedpysiriaedanngl.a
nobi |l e conputing device to prolong the operating tine
avai l able froma
Summary of the Invention

Wireless and wired communication between computing devices is improved by
using a set of selected sub-channels. The sub-channels may be selected from anywhere in
a frequency spectrum usable by the computing devices for communication.

Sub-channels may be selected based on measurements of the characteristics of
those sub-channels. To improve the efficiency with which the sub-channels are selected, a

cognitive process may be used. A cognitive process according to the invention may be
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battery or other |limted power source. A cognitive

process may base the sel ection of sub-channels on
wa@rsercITreasur emrent of sub- channel char act er i BET/TS20a1185556

previ ously obtained information. Information used for

cognitiv rocessin i ncl ude information a t
pRlgpLIE ﬁéﬁﬁ%ﬁ%%%@% S1ISF OeTeer Lo RLRRHTEIR ALble from &
ba@&%eeih'eprhmwﬁwersoa%et he sane conputing device or

anot her conputing device. Such information may al so

|ncwud@nun&qnwuﬁsmmyhbmuhesﬂ@nmh@ﬁmdidupnévDOQSHwn

det ined to be t

L N K SR T ML i G o

InfofM& i 3Bd fdd coLMIEeE pRicestigtAd) BchdB iiBARIRISIbLSt sub-channels
sel ected froma set of sub-channels, wherein the

preyifisky sclosteddp eteldishfarcopnentipnhwhetherbytthe saneq compiitingeevice or

anc%ﬁgr & ﬁﬁé ﬁe\%&fe Sglgllg r{f&%tla{t oﬁgrgaql dae%) 1%81589 dlcfglqﬁa{tlgﬂ%\i;gut sub-

Sul

chanielsgidr@odste linregniged ﬂoﬁ@ um@mmleefoa m;d’hmrtgtabliﬂnng a channel.
sub-channel for signals generated by anot her conputi

devi enf‘olrlluﬁté%mﬁ.egworiw of e ixycagpp, c?n%‘@??épf guitablc sub- channels is
seléﬁ%af dae%g 6 {bORaREAE W 1@%& GRSsubd 9&1&'1&%@%% Qm%eg’e in the

sel ecti on subchannel s to be exa
setwind ¢liee Mychahmbs fre ndorestrictedan peing icbatigueustetiuberhannel suitability

15 e 0 ¥ i i Prea e i o-channel for
mgﬁ&l@ RBhBkel BY QH&Beracolnip%hng tieﬁb'@oﬁfé@ Hfﬁﬁl l&el@&%l&%’&%@hé’tlc

sel ectlng sub- channel's further illustrative
nueﬁhadwﬁhnnoﬂ@rﬁEﬂh@dTeﬂmnpe$amwh@<amﬂQWwarﬁ¢X@evpésm-

ch TGP G oo ey &R bt i G e Rsfndr Aliuding

maSRRRINgSEISst 0F fle@ubfisad fub-stanhélykdbd ENanhe BRIsEGER@ntially
sub-channel s to carry a signal haV|n9 a first
e

sca@amgvthwah afigeoffsupwhaiely and rapdeya| m&g tngetbeehanpeli a

S I N T
corhﬁrmdvma_dbrhugﬁg a(EbM) madfqutehl@ Divﬁﬁ(ﬁn bﬁmmﬁn@ proﬁmdyl is provided. The

oS B E e oF D OB hiiel/a chiry a Sgnal
haﬁﬂggqi‘rm{ldwﬁlﬂ? gﬁ@{s%lu RADGh Y Se1 CRIPFbR! B d PIBARE g of sub-

computer re |un1e code MAth i nstructi
chafmlllelsebhe (Seltdndrphualh‘ra cobeqive Brhavsmepr evomklehndWMidth, the second

truction uted, perform a .nethod .
Rt g i e T R e P U s cahiin the firs
phhﬂﬂ?o?&ﬂ&&ap&ﬂiébhﬁdsOf sub- channel s; selecting a
second plurality of selected sub- channels t he

sel élm @wh@ubu&tﬁaaﬂmembmbmen@ a semputieeapifarasms ecmeprisintg ajfleast one
cof A" R PURRcrRantd ek TRETCath i Eociien's
prév@id. Theinseeaivils,plhtnadxictted pefBhe 6 heghsdomgitanie stermining a
set of usable sub-channels in a first plurality of sub-channels; selecting a second plurality
of selected sub-channels, the selected sub-channels being selected from the set of usable
sub-channels, the second plurality being less than the first plurality; and communicating
the signal over the second plurality of selected sub-channels.

In one illustrative embodiment, a method of communicating between a first

computing device and a second computing device is provided. The method comprises:

-0



10

15

20

25

30

In one illustrative enbodi nent, a nethod of
communi cati ng between a first conputing device and a

W@ e@snmegdnput i ng device is provided. The net hBdI/US2007/085556
conpri ses:with the first computing device, selecting a

I|t of .sel ected sub-channels to carr si gha
Wlﬁéﬁ? ﬁ@st SOMPYRE %awme&%ng fpbaliy of seacted i ruRRgs o cary a
mgﬁsu 9inse ©6t SAhdbiRM de @élwt@d gdwclﬁhnay Belﬁg NB&LS froﬁll'heplurahty
plurality of sub-channel's collectively having a second

of hincwindelk, the hlaraige ohshbbehadndlsicdilegriecly bavingancdond bﬁnd\sltdth the

bandw dt.h: and transmgttin | east one. ness
sectng%Eﬂlcfwg grﬁeg[grft fngctI tdo gﬂwldélﬁaﬁqﬁ éliagsrm@qgeef RISt e rnessage
ovERBE plubdlitPBf Qlcdidiesubrwhitgs I n the drawings: FIG 1 is

a diagramof an illustrative conputer system

envi ronnent in which enbodi nents of the invention may

be i npl ement ed; Fiffcr Bl GiplRbPAK s ge1Am of an

exenpl ary client Fed in

accon thenre@vingt:h enbodi ments of the invention; FIG 3

is atineline of an exenplary process by mhlch

compl®i hiy ad&%ré@soféla|11@@@ra§tﬁoc%@ﬁﬁé|y§tewvgewule thech
4 is a flowhart of
emga&?fﬁdgﬁF%?@Uéﬁgwgg SS rﬁﬂgg%eé%lng sub-channel s for
comiili@i Zata Wock dihgGambofian cachblanctiamt cahpwer that may be used in

illustra rocess. of .sel ecting sub-channels to
oS sl £ By SR & 6 1 a rineline of a

ranged 784 BadketfanRkAGFRSy ﬁl%%éﬁ @%7 %lélpccfi‘ﬁblﬁﬁg QBN elect
of the invention that occurs WO conputing
suldehan@els and aprymiunicdtetdateownesr tltersebsaamle@ b channel .

oot B4 7 ok Rl ot R A et BB Rk

cogaivpitatig devi ces may be inproved by form ng channels
from sub-channel s of a frequency spectrum w t hout

reg&l@ 1 b adfteydhart of ge ilusbradvrapiaedss ohpdecting shrgbannclsito examine
ous. Conventional inplenentations of
ﬁn@@ﬂﬂﬁﬁ@%a Frequency Division Miltiplexing (OFDM) use
onl ¥IG ofisi agitaelinesifla-reiduniieddsbask tdfif proacsgavendingmngen ehbodiment
frequencies to carry a transnmtted signal. |f that
of megﬁmmlp% that BpuEs When BYRLARIIIING dPriceT FRSBIda e Ver fHheysgme sub-
ch#ng) many devi ces using that same range of frequencies
to comuni cate, many of the sub-channels

Detailed Description

Applicants have appreciated that both wireless and wired communication between
computing devices may be improved by forming channels from sub-channels of a
frequency spectrum without regard to whether the sub-channels are contiguous or non-
contiguous.

Conventional implementations of Orthogonal Frequency Division Multiplexing
(OFDM) use only contiguous sub-channels within a given range of frequencies to carry a
transmitted signal. If that signal is subject to electronic interference or there are many
devices using that same range of frequencies to communicate, many of the sub-channels
intended to carry the signal may be unsuitable for communication. Because a computing

device is restricted in which sub-channels can be used to carry a signal, the resulting signal

-3-
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intended to carry the signal may be unsuitable for
comruni cati on. Because a conputing device is

WO e@Bio7PEd i n which sub-channel s can be used POI/US200Y085556
a signal, the resulting signal my not support

conmuni cati on at a desired ta rate qgg t he coggutln

may ot élé’é’oﬁsf?nﬁ%}{ﬁéca%n Iab%\%?S“F atgdpts apd fhe Gomputing devices

hadd t%rléx%lstﬁb 851% Y BF trn SRR oveh e Bha%%lc&zﬁéi{@ cangh "cbﬁﬁﬁons are
are not i1deal. By selecting sub-channels fron1any

nofpidedli on of t he spectrum avai |l abl e for conmunication

bet en comput i ng, devj conti quous Or

non BNt RS EBTS e FPlL 78, BAGRI OF dhe ([BECtpyn ¢ hgilable for
comBiiRitatitg bé’tWébl@ Gomprita{pSdvidek AdbniBYoR&r 3Rl BYEEURE, to construct a

hi gher data rates regardl ess of spectrun1cond|t|ons
siggplbior Hsmbieths corpubieg aevipe it@psinipsigr syt kegachisivpgatghigher data rates
re%ﬁg%%c#X mﬁﬂﬁﬁ%%ﬁtmﬁ? | earni ng whi ch sub-channel s are

& unSU|{ ‘e for use, the tinme and

p r osesshathetanty 6f cffielcaty seloctpd airs s esgritye recdsedBic Raming
In sone enbodi nents, the caognitive process Is used
whigh syprehanighiire éuléaé’ﬂf"p‘ﬁift ynspitapds for sy ;sléertamrs ABd progsskg cost of
selB@ldn! réfce%es%%/etf ehel‘iiL B bodHh&fs tl%er%gﬁ{tg)g rocess is used
processi ng co resu ts in a decreased po &
withim € moprlo tempsingplvakiopgratingnfroof a bdterdenotber limitdéd pdvhe&' source.
atteries nmust be replaced or .recharged. .,The user's .
Re WoiRe p@q&sglqws& rﬁﬂgtsglé aldﬁﬁpwg BOB§T é}}ct}i]é)rolsongs operating

tinfe QYIS AL il e Haﬁéltlé‘srmﬁ’s@ﬁo@ &M R o‘MéchQﬂéEd he user’s experience
unaccept abl e power drain. In view of the foregoing,

mat.v nbu@mmmtbyqﬁovﬁmg@mmcamn ehfastondits rafey eghad ano
a o] |t|ve @rocess for choosing suitable sub-channels
u‘%Fe% E@NWBFl?BkoI Such a process may be i npl enent ed

on  aMyichf oMBORIrELSnE ORP BB difiat SthE Pfé@érﬁ nahtiem S, directed to a
which are not limted to any particu t ype of

cogiaiY pjigeess ferchomyia suitabla sybtohamneds ofra F&Myrmpf@%lf Swch a process
ma&%‘%ﬁ%ﬁeg@%et %@n&ﬁfﬁ@@%ﬁbu@%ﬁﬁ?h@r %fste‘nlﬂ goﬂ%\ﬁ?ﬂfo?%qx/l%@ﬁ] are not

S are

lintedpe gy payisilentypé oﬁdﬁ.ﬁgﬁraltlﬁﬁ |Ides 11(]:lmﬂi’ﬁtd:@ loa@txample of a
network 100, wrel ess access points 102 ?nd 104
COMPRIST By HRHGh g QTR invgwtionesg beimplemented, glhpugh others
am%%ﬂm%&ﬁ and wired conputing devices 118 and 120.
ni cati on network 100 can be any suitable
conffhaicamputonsyse offfléi. 1medidesfoomnexadrdioginagvatid 80, wireless

bet ween re.conputers (e.qg., r d
accgis ity 108 Aef B g aros cpmpappeediss 108 B i n§2 113, and 116,
and QAR Chmpling: awvﬁc%k 938 aﬁ@mfooﬁgnaﬁydtﬁﬁ%efmk h80 &Y be any

sui tabl e computing devices with wreless conmunication

ltﬁévba@rmntmle@mnse n@lor enadimpioa cyhmgleg é@t@ bebrgsuttiva@r more
8 and 112

coBHeBTE e ar s o ke EPg e ind B MR aR et A e mprvork. The
wilelless computing devices can be any suitable computing devices with wireless
communication capabilities. Several exemplary wireless computing devices are shown,
including laptops 108 and 112, personal digital assistant 110, and smart phone 114. In
addition, typically stationary devices can be enabled for wireless communication, such as
server 106 and computer terminal 116. Each of these mobile and stationary devices is in a

state of, or capable of being in a state of, wireless communication with a wireless access

points 102 or 104, cach connected to communication network 100. This wireless
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addition, typically stationary devices can be enabl ed

for wireless communication, such as server 106 and
weorprsp7termi nal 116. Each of these nobil e aPdI/US2007/085556

stationary devices is in a state of, or capabl e of

bei ng i.n staeof ess co nlctlon wth
cougfcaden %&% ﬁelinﬁv%n ‘%’Z“‘&F to iphange drtpwith apg apthey or,
thr8 rﬁaﬁlbmbn%&mkl 060Qith Thica demc@s! §9AGO %ﬂ&ﬂ&t@%frﬁﬁal 118

ows the conputing devices to exchange data wth one
an(ésﬂrtfetrérZ()oAs cadhroing bssciomen manmntsodatm‘wt agoeds po 00,10l 04 or to

evices such as co and_ s r
gty Ep L BT Y B SEm GRS vl Ble BB L dBhs. the
wiRPds§ HeviEed/ M AcipctOwaR 8h b 8ot @b £&cedstto MBMtabRE s@hL8hAinels. The

nor e sub-channel's of the avail able spectrum Thus, the

suifgbility @6 & seevhanas! may be derprniacdibaskhd opavhsist Has beieg subjected to

toogl%gcerﬁﬁlt tff’eren%kJ 't& nﬁ&‘kﬁt efgeléﬁxefg Pﬁﬁ”nﬁgh%atloﬂq %h?sl’i V\#?fg enEé IX][a9 comprise

noBegagratdbe aﬁcadeﬁo@ntpaangrde\hce nirsnfiging ralaa dranyp eﬂm tlectric noise,
effective communi cation. This interference, may

suhAtpRaYste g?@?@éeddé?%wal%ow dewise I‘?@?ra%&ﬁ’d?}nrf@n%f‘e‘?/ﬁ the

eXéI{l Q@,{‘eofn{ ulﬁg QﬁOVQI{]Ml qr el ectric noi se, such as
@ e generats y any el ectronic device operating

wi t Ahn enﬁn@imeots dfftiee Exentpinateycrdeditdimgresys timimed hobaing

in FIG The enbodi nents of e i nvention descri bed
prosBed Wit s SigmPR R £ Vﬂbﬁnrftda ! i @B g WmPIPYEA N systems
eI Ayhudibet @%ﬁ@fé@adc@ss%‘oﬁts Qnd/&%rrﬁﬁﬂng BeRER! BY&Mition,

on“syst éns enpl oyi ng any nunber of w reless access
whpleiFhGis1 slmgysahe computtigndsvibey ircegelesscoatditticasion with waeless

COo tin deV|ce
scqsmmainis 2B LF i R B u G SR Db B Passipegtye
embBdigfents YIRS Inf i@ ioA BaySSAHRE ka adl ho SHVthe RBvaRPIMEChigh @tk
t hat enbodi ments of the invention na perate in ad
computing dayidge comarisatesvitthonghinother ﬁée@énamsltnoﬁ threleahi aneagcess
| r
lglg '}g‘ﬂg&‘d ggl{;}feemt‘}' El 1nc%]?(§eg fé&&fi?ﬁ%ﬁecaﬁ{){;ﬁ&wol}‘k w\gﬂﬁ‘m}eﬁ RYL8; 114
and OheNeRibodinhadins srehyvinvintidiOmuy hét inéluédla déned aesvotid4 and
odi msnt s, of the jnvention may. not inglude

116
wi r &2 @&% iishoyld bgggpiccisfed that e BYFHides appbiatsdiosing
peff&%edtlﬁ €hd &\éﬁg dr® 'deeﬁisﬁ]ﬁétvdokmﬁo% haibe rﬂnp&ﬁﬁleﬁﬁ%@l the
inth e exenp ry wrel ess net wor k shovvn I N
invenbadmag bt $mp]fentehed iimeigngui@blercaynnineidatiph eﬂmurbdrmaiuchngz wired

swtabec mruni ¢ on networ k-.i ngl udi ng wi.r.e
ey T ngwe Wg]?eﬁ‘ﬁee@éioﬁlpb%‘fl %ﬂ%ﬂﬁd}ﬂ%@%@@%@gwmn
11k f@@-h@{ﬂ division nultiplexing is
mdtmp&eln%%tle FI G o 2 schematically shows an
i | | ﬁi@r%sqh@@ab@ﬁﬂywﬁmwg anl glisgrativeo@mwing tayich 20Uthetmay be used
danc

in fEGERARCR n fat b1 2PR Hhb P ST ATTRBliBa R prif Fing device 200

ma@muplomect@mmﬁﬁg abavs sab@M abowSiithas déent£ B, 108,110, 112,

108, 110, 112,
114, and 116, or wireless access points 102 and 104. It should be appreciated that FIG. 2 is

intended to be neither a depiction of necessary components for a computing device to
operate with embodiments of the invention nor a comprehensive depiction.

Computing device 200 comprises a wireless interface, which may serve as a
wireless network interface. In the embodiment illustrated, the wireless network interface

may be implemented with radio hardware 202 to communicate wirelessly, such as with a
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114, and 116, or wi rel ess access points 102 and 104.

It should be appreciated that FIG 2 is intended to be
woeiosleze9n depi ction of necessary conponents fBRCT/ES2007/085556

conmputing device to operate with enbodi nents of the

.nvention nor a .conprehensive depjction. Computin
witgligh e@emlawlﬁg@e@%% A34eq W0 & heiRgy: adapter
205 &J ¥fn@snitatWiol &l aﬁc%?nﬂi@ér%ﬁifork _rﬂl"sﬁrfgfo%fe% (pds@ibkﬂ?o_n-wireless)
enbodi ment illustrated, the wirelless network interface

matheogs redispipy edrpttr@6 v displag diformatiodviares@0 thodevice, and an input

C icate. w rel essl such as, With aw rel ess cess ..
addi 08 56 G ComAP o maE Usehly Yomt sarbod g TR o fivgution.
coRpitei NRIViccBORA AT al &P rktise ArpakBiyCcRpe over a conput er

networ k usi ng other (possibly non-wrel ess) nethods, a

di splcaiec288 pardicr oBPLises ¢PBYWI Y- riadhble mradicohl 2 for storisg fata to be

of . : :
Sy S R0 2 LR B0 20010 6 S5l R0 o
proceysiy ofafata anngeditiog of ewiraeti30Thayatabhsdthe dngdrucSensanay be

battery 220. Device 200 further conprises o
stopshiuihe compaigiadabla gediakl? angy fog expmig max enabls gpanmunication

j t4 t:
befleB SRR AT s LITAIME' TS 200, R AHER B of) may
comlatise ansheestmguystom 246, whsh megytin durs.coifipasaadndrohpaftwire 214.

o S T B B ST
tragﬁﬁm@hnﬂgwﬂﬁg tsta Hirdl Sy GRMRUhY RGitARY hiofodPRclulif OFDM

ata and instructions may conprise an operating system

pPrad®@|s. Weinghitarayadahletraedia & bhpey Setheo hevaoitorsd thenemmecopdppter-

Co ol software 214 may,conpri comput er - execut abl :
xRl PO FeeP e T N 238 TR Uy Poaimyf g dovice
20014 ph 116kt G s 8lriva i Sdrit@a@dple, Betided Dlyer BEOS GO bormp@ingtdeR e to use

OFDM prot ocol s. Conput er-readabl e nmedia 212 may '
comn@nqﬂéﬂrofﬁh@/@or@mﬁmggémé tEeHTCeHpatierseiiaetinng lshé complete desired
Op&gﬁ&{sucti ons conprising applications 218 for execution

on cofnputi ng device 200. Applications 218 may, for
exafpdheuldlie appediabd thatubenvehtidnhie neolimittd ohcilevpraeided with the
use conponents of the conputing devic out

. . t ut
YRt iCB%utﬂ%ﬂq?:ftVﬂ‘iﬁHQu%WéeddB%ﬁe@@néé%f’rt reé@)oe%ée%g{f%h% Invggtion can

bat i ¥
TN 8, PSS e o, ST A e

204 e06caend 208unsy bt mablemeedGas &y santeblt hatdwend) cdfitwamrt or of

the j.nventiaqn can he .practice ith any. suitable . .
co i malit Tataabuing Sy TPl s it B Shml RS it Similarly.
cor%@ﬂtgr-?&@abl@ ﬁgd?a%zrrﬁyy ReintIRh&ENE Lhyafie B 03 UbinBRhaBon of

ardware, software, or conbination thereof, and nay be
medrpplioe prerng data gnd instrnefiams dier accens bynal nrpgsissing deiss.

Simlarl omput er ~r.eadabl e media, 212 my be .
PR b PR NS
co@b@ind @ ViRt Moang; trasiittd GRS aflidditcda@a®sr 8sud-channels.
processi ng devi ce. )
Computing devices may, therefore, select sub-channels that are suitable for
communication. This selection may be done in any manner, examples of which are
discussed in further detail below. Once a computing device has selected a sub-channel or
sub-channels for transmission, the device may “reserve” these sub-channels for its use in

transmitting data, to prevent other computing devices from transmitting data over the sub-

channel and thereby interfering with communication. In some embodiments, the sub-
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In sone enbodi nents of the invention, nmultiple
conputi ng devi ces such as conputing device 200 may

wo e@nasned7 dat a over a |imted nunber of sub-chee€mEE®07/085556
Comput i ng devi ces may, therefore, select sub-channels

chqpélﬁt hafsgga{ygﬁglse%rggcjaﬁy{mor CHQO mmptlng Igg%rtbflf %g a&%ﬂ% dgsgllregq?éata transfer, and

thildtRCUDS @A s&%ﬁdﬁeefndq%e?vdtloﬁ %h%é’ss wﬁe fepesP E‘\tférff‘ ﬁrne a data
devi ce has sel ected a sub-channel or su -channe S

transfemnis hd bsmeds. [n hcrdetivecentmalymtnte she sl chtahe@ernay be reserved by

b-ch I tti dat a
hSORERIE AvEs it dRS Dok BN b eRs fepintugigagon
sesoRl artd e SuPceabinglecBotatdRE@PMiInPreds e FdpBstedvat the start of
connunlcatlon I n sone enbodi nents, the subchannel s
everyetsoN; Bsomesemiasiments thopaheation greress may alse bacxichtgdaluring a
datqltllsaﬁgf%} &r (ﬂﬁ}n% td’oﬂﬂﬁﬁnqgatloﬁ%gsss&u For eggmﬁ% 1&%%@%? Id%ta rate 1S
ction an FOcéss e

degtedrayid thusBnée dal’bahetmlals&ffeeneedsd boiflbae Bﬁﬂhere dufb channels become
al.ternative enbodi nents, the sub-channels may
unyudtaBle RHCEMUHEA IR Aglagetianster pppespign it 5111%114119% piragcdated
tha‘fi ﬁ" n&{)ﬂ@l@ﬁ fﬁoct 1&9{93% ?bﬁ&n‘ﬁn G 5%[& ?&@es% Pz kQQHn%}qmder
e su annel selection and reservation process
setroepélabﬂzsj asithetshiectsdmartd ofcreatemyof selsshamelsinmysndone in any
odi ments, the %electlon rocess may al so be
MR ALYy tablg 4 ip Mg ramuFatiginacs Sy
commARk ARt dopibusiRs aéx%‘e istRfishey %Hﬂhﬁlnldaflng‘dﬁh ab&rtnd %@channels
rate is desired and thus nore sub-channels are needed
thegieldcfedonl-channebrtbatdal betraprieeiossly ecomed lfwsenmramleatfomby the
ni cat,i on er or_ Sses

de RO bE BER8d B Il Rt b R AL Ghes M SRR B of ber. This

relbdsBinta§thapferPRthOEdd oT4 didi@c 8&h @ahifer) oPEARE &S] ta n%@tinication
time or under set conditions, as the sel ection and

sessigelnsenicombsidimerts. dhiareledss niyalipebocrseutpd during a data transfer or
cor‘?lH{u'ﬁ?cQ i&n %@E‘i&? £ AL g ¥ut§$‘ &e@ﬁ] %egﬂrég% l{)&e} @aga rate A lower data rate

muni ca rocess
afylbrel debied], ﬁﬁmmmpteatﬂ angcaiaiha dovies mtdhﬁtes wltat d{badaltwisfb;elntgh e
sel ected s b channel s that had been previously
trapyaiged atop %mte&rtwesevmaéeﬂéerwom thsedata
Bheasgd by the device so that other devices may nake
ap%sg ?gfhenl This rel ease may happen at the end of a
si nfl@. ddluatriteathsf moceso withtantdverveevd oHin excogiary cbmatunomation

sessi on. n,sonme enbodi nents, e al so be
Pr et RS S a e R RS b dmolic S TR thoproces? Sre
disS SIS eaowf ad €. QR dRd n{éea%e&béiﬁweeelee ﬂr@ééﬁ{edq&t &se of

rate. A lower data rate nay desired, for exanple,

explpnationecei vi ng device indicates that the data is bei ng

transm d at rat for th receivin

oot LA pRE Sy ol 8ol f € b b EpycBBo {9 BFdata
rate.| Tt 143hEPd RS niifd Stht 10 CRESMIMILI aBthcQMSIFAY AW, ﬁiffo @Ib-channels are

exenpl ary commruni cati on process wth nultl

NCEESFABYHANA Ghueperiews iperamingdisr freswsible SDthhﬁlll@lsoin #¢{804, device
A QL& Qlthble sub-channels 1 and 2 from the spectrum and reserves them for its

use. It may also, in some embodiments, store an indication that these two sub-channels
were selected for use.
In act 306, an application on device B requests a connection at a certain data rate,

and it is again determined that two sub-channels are necessary to achieve this desired rate.
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di scussed below, as FIG 3 is intended nerely to be an
overvi ew presented for ease of explanation. In act
w@omg/Hozs9Iappl i cati on on a device A requests a PCT/US2007/085556
connect| on at a desired data rate. is then
rm ne t.hat to.t.ra sm.t % desired rate
Wlil ‘& Regieiransgrging ’é‘é% &?t?r'}“ a ?Y“E 1%65‘@8{“?18%“?%31’60““1
and3 ?@Hhﬁ@sdsui)%aﬁﬂ@s Suhd 8B &R %h&ﬂﬂ[ﬁhﬁcati&‘l ffict @Qﬁ device B
device A selects two suitable sub-channels 1 and
scleete amd weersp%tbt‘mmbmhdnneés@r vesmuheatidrodn scnrse g@bodlments of the

.y also,

i@ R B B B Errd R s SO il 0P Tk dlingicating

tha@Glib-SncldN 2ABR! Ha@debPres@RcdBY U6AcBArBAHRShENi@ation, and in some
connection at a certain data rate and it is agaln

emipediatantsritsyioe Aamay Wevesdsiecterbdnvides) s tansraissign an yhase sub-channels
o PERRENE BORSIERLESI GRRSHRL GulBYLSRALIEIRY, dyice

comb&tes@eaﬁamﬁisaad of detatind redssihe slitaoinainsls Amalidg ﬁleﬁSsultable for
suitable for communication. In act 312 device B
cowueaagorahﬂ apyediicrs dn thsasbvarkmndiaapeld. deyice B begins

¢ B@haﬁﬁ’i@ﬁ %dl ments of the invention,
1ra{c%iew cg% may %Ve recei Sﬁg a notification nessage from
devilic ectA16 nah appticatgntdnateveogbh chacxted sorfneamrm 2 dvedblibieeent a

reserved by device for.c ni cat.i an, in
colifiB S Rl 2nd E G En el B T et g a0t al IR requires
twd 5@SKEnS Sl ONerRbe Ahb@ér%s %%Qnﬁ&ﬁ%"tﬁ@ El%c?fﬁgl fof ﬁﬁiabfe' &6- chﬁ‘lﬁ{@ls
as unsui tabl e because they were being used. In act

det3mrainesithal sb-ghasasipl ends are wlttablan@wh lsgpto?d&shledataad agsdrves sub-

rel se sub-c nel s, suitable for .
ch ek Py cERG R LRV AE A Py framinea
sulﬁ@ﬁan%%l@ 1 BV frfor Bo BeGhiRmglsuBREMrct B BEcatlad R h8¥ BFeviously selected
sub-channels 4 and 5. In act 316, an application on
thegesytrehannels guastablegor Grmessian Diswicedt msY havredetermined during its
n'éf%tpthg%u% crh?{ngsl tZ&Wa 0 lﬂfger %&%bﬁ‘e H)?ttr%flmng%qgn {’)Qc%hse of
ransm ssi'on of dafa at t ate requi
mtsnﬁéien:d@anﬁerh@noﬂﬁewcmlmnlgeﬁivms traxanittiigndatd dreer sipeibrdhamnel or

for sujtable sub-channels, determ.ne tha
frogu%mcq{g%fiq%rowcawey%dé %ra?%wémn%i%m f5legted sgghannel 3. In
altéﬁ%@x&t e?n@?ﬁjmé S GLYs %ﬁaﬁféﬁclhmgﬁz %a@éqlgeeﬁ Tar{ nﬁ9 @¥amined for

ments the I nventi on | Ce ave
suiepbarty nad suiubqtmlnﬂy Idbeted. IastduRl lprrap(precuacbe(b&lammbm@ments of the
sub- channe ecause it .had previ ousl sel ect e
G AL s ol tpe S rnRrS e an SR empggr it 1Sehnidue or
tecﬁﬁaquwyﬁs@é@hﬁar@@@cw nBPbé Iﬁpl@%@ﬂﬂeﬂ‘ﬂ{ ABNsul BBt manner.

sub-channel 2 was no longer suitable for "transm ssion
bec&lfget dfusiraiteefcesxempiary sldqwlmn@lr@lrecb@np@pm dgmgkepicoted by a

at.a sub- channel

colpRR Qs P o HE Bk ao HapERERaTis B ngTEtecording o
s01B€ k@B Eichcitilvfehainneltion: Thop@kéRLABIG VAN BE imHBinsnted as

sub-channel s 1 and 3 may have been randomly exam ned
comnpyter-executable instructions stored on at least one computer-readable medium such
as computer-readable media 212, or may be implemented in any other suitable manner. It
should also be appreciated that sub-channels may be selected for transmission in any
suitable manner, and that embodiments of the invention are not limited to being performed

with the exemplary process shown in FIG. 4.
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suitability and subsequently selected. It should be
appreci ated that enbodi nents of the invention are not

wo 20080291 0 sel ecting sub-channel s accordi ng tPCEOF2007/085556
speci fic technique or techni ques, as sub-channel

sel ection ma enegnt e n .any sui.t.abl.e manner
Fl eef 8 PF9Cetpsg, Fﬁﬁeé "Igﬁas %ﬁ%ﬁ’%mﬁ% BInitialfraen acls aemerprmed.
Imﬁﬁl%ﬁ%ﬁf aétgrﬁia%ﬁaa@edar% ﬁcmﬁr&%wﬂlg%%vth@ EOIhﬁ’utﬁl%l Rblce

sub-channel s"for comuni cating data wirel essly
requestongch crogmmlos@tne detaiyatd ibarestablishd betevcem thermoingmiting Hevice and

| d i opl t ed : .

ol Sag B s & nEheP G T DHES LbFa B g copasstipn beine

madB eanqm%&ﬁmmﬁdﬁlbmhM&aJlmt@ Y€ RammitedRLthe bthcf thg
nedi a 212, or ma\ée be i nplenmented in any other suitable

devigg haing nqagie <Prnglthc mitedizpieonsgspt ae iparfenadhHie process contlnues to act
or n

402, e?%[ﬁgrh%‘;ﬁrﬁle@%og & dl%?(L ?Cfta xﬂ;onflb of ELﬁ) aﬂl}]ﬁ%% Byﬁeﬁ\@g%@égﬁed rate.
ar e Snbichhintistragy bosddeitdiginpay toitabiowi . tHor bmlﬁx enphail lyistrative
%rocess shown in FIG 4. The process of FIG begi ns

empgdigeant gOIG. oy ssfast wbr%haan?l% Heingercarscaera &fp@ft@g%@g in act

404 N 134)15 Zcﬂﬁ%%ﬁ BedSinRYsubREhAER 317 s g@&hﬁﬁ %dlﬁﬂle for use by the
executi'ng o e conputing device requesting

demomﬁncbmmnmamnandﬁd@mﬂﬁh@wh&hssbahMusmemebﬁmhkﬁhrthe

uti.ng device and a t|n devi ce,
coRRNBIHINA G oo mEg S BB LB [P EHE ARy gipmination
ma?%e%n@?rg@hy [ndbie '%naélné’t%%n‘i@l@saéﬂ @Mcl@ﬁre%?&ss@ﬁtb%lo‘ws to
e transmtted to the other conputing device being

madd@he @roefitheiliusirativalproesd ofFlac tdaatveo pessivbe ereidonitiens. In
ocess.. cont.i nu tQ t 402, wher ei tion
o RSB Rifed taf o r aREH S LR B RTAE ik
beﬂ’o@é ﬁndlﬁy B-dediranfhihcrBysubechafh@s taefhich pamt tisdhrbaddk ontinues to
For exanple, in the i I'lustrative enbodi nent of

actyd 1@; If progegsiagTeaehcs gaid ko am prapishas ieeCiFase edichera bahardled by the
apILelf)c%Ho@ ?6%%19 n%gh%q&n"ﬁgétlolﬁ Stin I@g Pﬁlltﬁ&w Ef’son%e ernbodlrnents

anne rum avar
prdeyssitpeatdevd embypincheonepoir s toahe &isplidediar aiae ram tlﬁhcan be
sub-ghannel are suitable for communi.cati on.

SURROYE bﬁ@u b?%%) @ﬁaﬁ%ﬁ%d the prosessRIfAG: dmayihe rﬁﬂ@ﬂahmd by the
a ﬁﬁ%{'ﬂ) o?g\rgﬁé/de%ﬁe&' QRS ritD 1Y (51$%4e§ﬁ9!e%116§z@i31 B4 the sultalﬁle sub-

exanp es are |scusse ow. The [oop of
chaﬂnlelsshr(ahebnmﬂm)dunﬁsspmfsesﬁin@to 4elbasub-sbapobsndl waie m d

conditi In the first si bl e end. condi ti on,
prqu%mwa@ O iandPmeEPf oF fipe DR &t ?aﬁlﬂnméh%wgewraﬁ?r Suitable

sum@m&lelsf)xnahw@ve@y d@ﬁiersegoxﬂ%ﬁme%d%ym W&smgatn act 406

poi nt t he process continues to act
detprrnmesmah@ deserad hembamf sab@harnelseras beerhspdectasie alrwhigh point the

procg%s é)gf P%eﬁt%% Flgﬁﬂga ct Agl%é gd sg%oﬁ %E%& (Li;e SSS% 1gea¥er Tetail

beleybodi nents, processing at act 416 may incl ude
reportlng to the application a data rate that can be

sup b aelcncanditiongh eckihe piRaes of E1Grtloppethsrusbdbe subrchannels
of ﬁllegbecﬁfnﬁ%)fn Q@t 408; 5 91'1&5%1‘? Lﬁbz-gfgangé(l it Qfarmned to collect information to aid

in the determination made at acts 410 and 412. In act 410, the process determines whether
the sub-channel is being used by another device for communication and, in act 412,
determines whether the sub-channel is being subjected to too much electronic interference

to permit effective communication. In the embodiment illustrated, a sub-channel is

-9.



10

15

20

25

30

application lowering the desired data rate to the

hi ghest rate allowed by the suitable sub channels. In
w@rwsn7®rbodi nents processing to sel ect sub-chBeEER07/085556

may wait a predeterm ned or random period of tine

bef ore re-exam ning the spectrumfor. suitable . )
degy -waﬁ%éf for g g PRPHRIEIPS 4 Herah g t%%&%%ﬂﬁ&@é% Blrgady in use
by %ﬁ&'th&odb@icfe'o? s otRERG &S MBisy Nif ActinftPBr BRLEThNED- ARk &
desi red nunber of sub-chanhel s has been sel ected, at

detghhiohd pobevinsutieblp fycesenwasationutben the leant contiguesAgith thegext sub-

and bsequent ts ar. i scussed in.greater detai.l.
e LT B e 3 Be BBl RS KRG nisrih FEN BTyt B8 g sclected
(infRkGE1 4 fb0eRSmiRIAUER thdiBop Wronkiandtiekh te deREsubR@@hAidIM

In act 408, a chosen sub-channel is exani ned to

col ledpuldiegippeeciagnd the infoamption may e peiaivict at 16 A08riteny suitable
t . . 41 . .
e 2 e SRR e ok b8P B3R ring gy i e
sutaolgdninelr ovdey ipeelcfeahined iitivh Catdne foiam df “listena@y” ohltBe sub-channel.
det er m nes whet her the sub-channel s being subjected
In ping grgbedipwrnts) the comaniang davisereilldnesits bprdwpigite the sub-channel

belﬁkf&&ﬁﬂn%& aﬁé’P IR ] Thef Rarli e ST BARTBRL og Ithee qnergy in that

[ustrate a sub-channel | sdeened unsuita or"use
sub-nhaamnin[i)p h paddetegnmed ipgnad ofl timée.Haats mby bhanhedted i any suitable

S alre d&/. in uyse kg{ anot her devi ce or 1is of.herw se tqo
orf A g PFAF BPEEAFY P 2t HaSGRNERY IR¥elyupetitaniregy legels, cte. In
thitg ﬁﬁen%d'ﬁlﬁﬁf,j litRn#g nSiontRRE et OinCORIBNE AL bl?ﬂlels}lﬂ-i%tﬁalimsel to

| oop continues wth the next” sub channel.
pradedesgsimpi do the dsts of Wicteabinetiémror cmyreenipeiat rasalvireowe viéampting to
then it .is selected (in act 414) .for transm ssiop and
reck{S) it ofn S ST Rihubil i S B0 Hiehis, b8 ERA R Mo oy
sarBpleWhCerlige ARRIGGI A1R6k dritaland NhesuIpeABrmmY cReémPatiah Rk such
at act 408 in any suitable manner. In the illustrated
as p Foeeesiranyignst mthicoample, deemnine andigy Hyals horscrign anbtiply sub-
' h . [ I Ot
chdfhoh Hotha L ARREL Ry o By R U LB QL ) Lt vcmplary
an@ aibodiitaBlttschnidue fercskattining adebichanndl dd subishenridssmay be used in
hardware to the sub-channel being exam ned and use a
acqGopdasicq Bith MROdENGIAT EE 1VEBH¥DI | ect data on the ener gy

i n tlmaes%@hﬁﬁﬁ Su -%aﬁe%ﬁ?%é&éﬁr@ﬁ%ﬁﬁf&?@mﬁhe second end
time. Data nay be collected in any suitable for
condgdudisagsqedioven éregyhd pvedss branebesagem aotetlfyto lhetnHI8swhere an
} i an .ener l.Levels, etc. In this enbodi ment, C o
indlioR it s it SHE e RingSlyds ubibied Be G BpR eyl loe g ipgication

maSWR-TERAINRE as b BisPE0NIadS ofir bilRBle dafa $tHRuAE I heQfst (for example)
determ nation, or may conprise receiving (or

coultl e sipréchig temperetestorape daths domprting dewebios lnsgimeltansingssion, or

t.her enbodi nents, . the conputi devi ce may sanple the
co 3R sTp R T diotdrai B B TG R LTSRN per Tor mi ng
exali a2 ths teRpusiicdevag trinkalis b abtifl¢0i08 hakmgeRomBEsing the
_sanpl e, determ ne ener gﬁ | evel s present in nultiple
listsaftsubiehaimsissio opg ox e QiMereconpwias dariers, Ihwwranbodimants of the

inJeHﬁgtf hiS GOk AUER rf?ersgag'g?ﬁa?] S TR A Mhe selected sub-channels for use
by the computing device until the sub-channels are later released by the computing device.
The other computing devices may comprise another computing device acting as another
end point of the connection that is to receive the data to be transmitted by the computing

device, or could comprise all other computing devices in range of the computing device.
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and any suitable technique for exam ning a sub-channel

or sub-channels nay be used in accordance with
wepwedrisent s of the invention. If a desired nuPGEUSN7/085556

sub-channel s is selected fromthe spectrum (the second

end coEd tion glscussed a oveé then

In t et 480 PGS

MEOERRUIMERHOh the yEtien. e frapsraissiginal et 440 wilhPe dencayer
ol

o038, JELAG Y QMR 5y SR ABUOR g g o

be lingsmitied asing fys cartied fisgudnalp 2@ddasems embedimests tiheansigssion of

et a8l TB R ks Sabp e Bspt el S RRT 2intad RO Ty Aftyla be

app8cigic@! 1IRAvdvar, R gmbedimchtsifaBeink tidaSBay Rardseithh information in
transmssions. In act 420, the conputing device

any pufable manngr.not i fi cati on message conprising the |ist
f
gev%jélgg ﬁ{éal{k? % s?orgc? n;g({]%at%ﬁu{{&{ ‘ﬁ} C{ah :{sltlﬁa\ggﬁ ‘%eg 21? a(%tﬁlizg over the

com@ctidn asaﬁg thra sHESISdgeb olnses Viesst sub-elsmnyle, dshiiscasdedabet, will
sub-channel s for use by the co utlgg device until the
NOKRASCISAALY S| CONHEOUS SR .Wlll OF GRY s table Highuoupg) by the process
r [
e T T £ TR0 RPand tramsmitied
onmjadmswanm&mﬁ$mnmtaHamedﬂamUMWehehmﬂdbhep@aﬂamddubdw

transmtted by the c devi ce, or coul d ri.se
tra O B L TR LDk 26 oS g suBRbIE Ry B BTBriRE to any
sulga%‘l/é 58tdchl, §ﬁ’1@@th%qp&@1't16§ 'iht 1§0t ‘Pﬂ‘ml{e'a% bEME BEﬂfQ[@nedt\pﬁh any particular
transm ssion of act 42 done over a control

netfwosk) raplcychtoeosie dctt424b§he avlrcbce@lsebctrmmgte&sln regibadispets cff th@l

. _protocol ., Beacon signal s .ed u5|n

imBafP o 32 ney A s SRR acriE SR 1 Bicor

mdré SSFLEHHAIM ngifeVifééti infARQtitg thiat 1A cOMPOLIBSIRACtis ﬁi) lcihger
beacon signal or other signal already 1n use.

compwili cgting o up phetslestasbubtebarneds: In thh“awase ﬁllifbwbnﬁéﬂtl%el@fhat may
ha\g"l?eteh Q%( %Wed% tﬂ@é(oé@ﬁ”%r&e(f ck Iﬂ#aﬁrl Hsequ or ds hg n?h(}l s duitable for
usd byaothsi ctdnqd;tmghlewdad; ais transnmtted in act 422 over

the connecti on u5|dgéthe selectﬁd sub-chanpel s. These

sublcfaniidiesppicsiatiddbifdae arogeisvibustigiadiin s fiedeg oa FlG A is
me?%ﬁ %g@tglgﬂp WSd ofABE prdbdsbest: s nééé' &f%@h edre: sﬁtkaﬁaleéﬁnﬁ)le an

he pr ocess I n any ectrum
alta‘nmtdﬂﬁmnbaniﬂmaub)fdhannﬁit&nbmmrﬁ)einem Bdp dnginning in act 404 prior
transm.tted on to hi eve ﬁ){rans ion at,.a de

to ggemcptignebeing regHeFhOLE ApbirEHana iy fragodipent. e spetirum may

be Lk ARBBH S RMyDahe EHBpSHR-dhRRAGH %d?&ﬂloﬁﬁofj@ﬁ‘tﬁbl'e RudNannels
sui tabl e way "and according to any suitabl e protocol,

magibgestored éudmhehwh@han &pphioatian; raguasts a eenbedtiog, tfb\e ﬂﬁsmd&nﬁmber of
rtic ar net ntati.on

sulybfythoffin B Gt PRSI A R eined sub-

chirim¢EQidability, agther4Bén ABYing AMRIdrHthatibARHEH hicbMEclos RGOMEsted.
notification nessage to one or nore ot her COﬁ'pUtI ng

dev Febodimeriteal the viepden mae alse epereicriy adevipewer Blode Swherein the
ehé@ﬁ%ﬁ bf sub-channels for transmission is further restricted to a subset of the full

spectrum. Restricting the number of sub-channels examined reduces the amount of power
spent listening and determining, as well as the power spent configuring the computing

device to transmit or receive at different frequencies (i.e., different sub-channels). The low

-11 -



10

15

20

25

30

comuni cating over the selected sub-channels. In this

way, the sub-channels that may have been reserved by
wo b@sowsput i ng devi ce may be rel eased and t husP@®EUB2007/085556

suitable for use by other conputing devices. It should

be appreciated t at the process illustrated in
POW%%B&%WY B? e\‘ﬁF@ 17 TGSRORRSHR UYL RBHBT &7 YPerafifg Bath Q?the device
sudW é%%%%l%ﬁﬁg 8h b§§é}9 POGER o?in ﬁﬁ&h&%ﬁlté’&é %Ja?' e. For

exanpl e, an altefnative enmbodi nent of thée invention

may Ilpémfeaampblmc HiGop pme@smg rsg)elrﬁwrla@d ol@deyiré that ingtiages a

con ectl bei.n ue by a ication. l.n this.
coRERG v L I, et oS 38 B pE Bhdifit oy igion
befnB %st@@lﬁah@a bpansteM Grnpufitg dBdte flal BFo@f a prickahlb 8elect sub-
sub-channel s may be stored, such that when an
chagmglsi Ehe amputiaguissics mycsAmistthosmectia and spsea mghbiyub-
f a
Ch?ﬂlﬁl@ﬁﬁﬁl{/ i E)bulglgg _b de?tg%?]ngrhte S&EA th%ﬁlz)lel &grge‘in?{bgallﬁfet%sc;e? ?ﬁc'l%gge that
it is ﬁ‘s?thﬁihg bhaﬁh@reéié:dn@i aubdeHaandli. Micicafterdevica \m@mngmct trsm;mlt data
IS requested. Enbodi nents. of the |invention may

to @sépalpét%deameowllp%%émﬂﬁaéa@ thoweestbichanngls- Epii@%tﬁ |0if 9390nnectlon
Cm% u§é‘ﬁle%§ﬁ@'8?#1ﬁ“fe%&ﬁ ﬁ]f Fx pkgsion is further restricted
to a subset o F spectrum Restricting the
nu nﬁmbodfmambeﬁ:tha mehsorenaykize dxsoatucesr sdiethamatenthoeh in FIG.

ower spent St eni nd determ nin s the
4. e e bR R Bt g HE ST N B ot e -
chénrn@ﬁ%@"dbn@fn 4ceGRs éﬁem%l; néti tfafn%ﬁ'ﬂﬁe fisied Q&Q&é@%b(-éhaﬁnels to other
di fferent sub-channels). The | owpower node nay be
degntsenei dch42k shp smsecmbodigentsiof thet inogntian, aspeddk dndghl2 may be
sgat& qf the1 e LCf é %h as ogzratlng on battery
COBBIREY Q7 S Lty BEHE LT ST LD In the exanple of

FI Git s‘ﬂioullﬂﬂié%ﬁﬁér%pﬂe&a&@lﬁﬁﬁ@?fﬁ%dﬁﬂetﬁs Sk afvehiiat rnay execute
initiates a connection. Instead or in addition,

mage¢4te than greergedcd By Hre insteayp orasessatf FiGe hrinsemic @ﬁlbodlments of
the 18{7%910%81{51%?9%%22(2 st?}éng H}Q%%?logsﬁ gmgglﬁgac'rl]lﬁrgrregse ye.'lﬁ:cged%y transmission,

thmﬁwt g stbey noee imiytnexiansi dsheaispectsapeelandnt. Fherine or
iP of sub channels for it to receive dat a over,
usatgﬁ@ nacoh Bay SOMRHSUMELmaPn Fegarding wheh & seb-rhannghgay birpleased

by 'tl#1 ot adultlﬁg Q829 oPth&Y C6IH§EI§QB%QQOI§HPﬂ&QgH&%bﬁS undher which the

evicess wshing to transmt data t
sulg-olputl wap wboetede Wi Il transmit using those
sub- channel

End ts of .a connection coul d use the
e S B B R Of e maemRn o Toang s Tl Spteig be
unélﬂﬁéﬁfétfb%aﬁﬁﬁssﬁhﬁrﬁaﬁK@ﬁﬂdﬁl@alﬁ&i’%‘% fiGicSust limbl@vhﬁg SIQWRnnels for
in 4. For exanple, enbodinents of the invention

userrmyestaIbtlsmmgaa eorrigetidn. 4n thi§ wep| sebicé@tmbstfoumhmi@l Lglsaléable for
act t tr nsmf t he

CO@Q“@&C?Q%H St %8 ﬁﬁ%lﬂ%@t% Wil Hedlicguaive Sgl Pﬁi]mhe@{ ofybg.
invieRtien ke RTRRM IR AL IS mihBe iifiaeditdt @Ry péigt thatkd Qubadtinddids

detggq){glgc? toct?enl?ﬁsgﬁgblle nFto? egansl’]!)lg gllf g sgt? tchallnrrllﬁlt 12 ?19 th%fhs? gsp‘t?ern?g ©
previously-selected, but is determined to be unsuitable, the sub-channel may be removed
from the list or otherwise downgraded in the list. Any suitable technique for downgrading
a sub-channel in the list may be used in accordance with embodiments of the invention,

including moving the sub-channel lower in the list or otherwise indicating it as less

suitable than other sub-channels.
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It should be further appreciated that enbodi nents of

the invention nay execute nore acts than are executed
whgoosloz3ept | ustrati ve process of FIG 4. In soneCT/US2007/085556

enbodi ments of the invention, in addition to storing

ind'c on sub-ch els selected for, transni.ssion

t he tp%% ]é‘s“is ?prgfe&}aée ﬁ? ﬂﬁb?l}f&flgéﬁa%%ﬁhoaign rexgRination
forQuitA 8L OE E&Hﬁﬂhlcatﬁ}ﬁn ah?%ui@a[bléléﬂgle 18 5&HEBhbd@hents of the

conprise information regardi ng when a sub-channel nay

invigatiomnsloeds ethyy dehemawdpandongy debilcie agher wepodiompts, seb-channels
t diti de
may s SR e A P T b R iR TR BE g sehanmes

mayDé@RbinHRd adcdriiml tothisotdeehannel s found to be

unsuitabl e for transm ssion may be naintai ned for

f ut dHoaveygie singe sEnepiofarglssisp Fedsmame Rivissn Makinlexing (FDM)
oo PO SIHOBuf SOROGELIR. sle] of U1, W BUPAGRFREh Bnications

or Meeldidde Interbpeabilityufoe Mitiowane Alctes IOWlMPQ()@[t‘Qﬁk@I mﬁme @bstly in
the invention, the list stored at act 418 may

termé QhtiY 2af PEOSFSTIRS 1ordefqsmincavhigh sethahmar!sio§ ﬂ’&é?%‘ﬁﬂ%“h aig free.
h o bl(ﬁellé%%' Iih %91!11@ em%gﬂln?e)ﬁ the i IVEnt{:bnS HE o‘f@é‘rﬂ? @Jhldhssu'o Rhannels

I'st as being previously- se ected, but
ared@danmndrrmjy bobdsed oms wb gmbwaprotm thsat lmadiham&if dm;,prbmously
ennvg fromthe list. or oth rMAse down %ggd in the
detejraine ta 1%1%]3%01? g”fra e §amg B%HBW g5 other cornputlng

devibdy &Ranngla §11'ﬂ115.1h[%0&és§ torBRY ofiRr HiREId %uﬁ%cﬁrtﬁﬁ%ﬁﬁ)oﬂhﬁ&t the
enbodi nent's of the invention, including noving the

Cogubvecftsancrt@lf thegweeesi refers ¢o thiesict of “lesrhiogWiem fredpedy-dagrmined

. Ht %s ess, .sui %gb %n antother sub- chanqgls.ltggho% d

infgimiogdo AP dotkins Pty RLPAHORE MOH S THL T LY@ cfficiently
chog@inexkaipl ¥ adani@kd eHleri probidst abillubtkated RIFIG. 5. A cognitive
comuni cation in any suitable order. In sone

prasgssgamNEhRploNcAtEdas HyQPAEAIOPFOCESS GarCuiathPTIos toje selpgriondyocess
su%laa{gqﬂ%% dl\ﬁ@th{tgd fnrl:Ieit Q% I%Hpt%ghl{ﬂg %e dﬂrd?ﬁp vﬁﬁﬂp&%l hallffs are to

dered sequent i aIIy romone he spectrum
be kgarhined,@ir ety ran @blﬁﬂﬂﬂwﬁhmﬁbﬁomp{y&cm tedesinniae a sub-channel to
accor di g@to this order. However,, K since some protocols

CXYRIBC PPEGHShE JUIDF RANEFITHS MG PEMERIh §T RO oX tgny suitable
ﬁn%%&ﬁlﬂ%ﬁﬁmﬁéBQrﬂ&nkpe spectrum such as uItra w deband

comuni cations or Wrldw de Interoperability for
M cilowe\b80 Acke o$ plewdubds)seldctedrsal-chanots suabstslthe ome stored in act

e tinme an rocessin 0 det.erm ne ich
1§ GE PR 2 iete s PO FrBY Q3588 Pl e deviri 1Bt Of sip-channls
ma%%ﬁlp@ﬂg@% ORRhSs @éleét&?bﬂr et %enﬁﬁ%x&m%rseleemmrgeess or
Sub-ch anne s are exam ned { based on a cognltlve
S,

mayrcouwsise infeimatiak @bouiseb-vhangisaggrogeicd diksiny maes hamrpagprevious

sel RO R Rt G AL BRNF, TR b gpacred by an
mdgﬁ%g%?ﬁgﬁtg l’[heﬁt?ﬂﬁhé‘n&fr Befimey b balbiganSolUiag ®eed fetédtified to be suitable
for communication, but it should be appreciated that embodiments of the invention may
store any information compiled from any number of selection processes.

In act 502 the ordering process begins examining sub-channels in the list. The
process may examine the sub-channels in the list sequentially, or may examine them based

on an index such as the one described above. Once a sub-channel is selected from the list

in act 504, it is checked in act 508 against any list of sub-channels indicated as currently
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cognitive aspect of the process refers to the act of

"l earning” from previously-determned information to
wa@r@siomepnki ng determ nations nore easily, quiBKI/YS20aT1085556

efficiently An exenpl ary cognitive ordering process

| t ed FIG. 5, A t
selp %ﬁ%ﬁ?ﬂt@% Cgslpépl%ss‘flsﬁt Thp g % @@E%@%%Z?? bt by an
exé}ﬁhg@@)f Wlfﬁﬁ@&?ﬁéssﬁ%%rbe%eeﬁl%n@ﬂﬁng Héxl‘ié‘ésrlﬁ‘ta %GW‘IJJH( Flere the

to predetermne the order in which sub-channels are
nonﬁcdblenelxeamgaedqmmsermv af umb-phmmtelsysekwtedl for coginmpti¢ation. These

roces to.determ n a S cnhann to exam . hext
soiGpPECheblyS Bk sy SRR ey g g rocesses

dise¥Bed bR cah caiindtiontvik] £t UROBf BIGI 4. n any suitable

manner. In act 500, a list of previously-selected

sublichirmed Iugilqaéqﬁic% sgkscte &y gnethst ennernting dgeice.4h@n igfact 510 the
su‘tg«lsl\%ngél) 18 arlge%lt ds' e%?ﬁ%ﬁweﬁr g@e%%rﬁlﬁgﬁg & &}1 utsgle% a%g%) Hlt éorﬁﬂmctlon with

FIG Uubecihanpetifer setadid @andy. If Heweosi ﬂreembmhhmree m@ iridedted as
sel ection process or ma nprise information about

selegigd by éli*ﬂ’f]é?@eéi’@@f%@‘aﬁ%gﬁffr%%cml nrhs hﬁfﬁJ@aYpbeewe@t?éi in act 504
if if %l d%fetrﬁl%d’?ﬁ QGSH3 - tllla/T\?ncﬁ'Q uﬁ%%ﬁglrlﬁier Aﬁﬁbﬁ’ﬁe@gé&ﬁgn the list. The list

I nformation, the y an | ndex
magr@ﬂﬂmrbempﬂgtedhelthn suttaehannéls thatres lwiubed baanathehkyidodemg

detﬁ%n1 gg to be SU|tq$Ie f oy .comruni cati on, but it
reragisdi P e dsh PRt ealf davderdiefodi nent s of the

I nvent] @R pRR%sSEHRAXEmANg, IR mélﬁﬁnéw ﬁpﬂhle GGt B Mo Marked as
nunbér of selection processes. In act 502 the ordering

expnince gsadh EH9 aed @denricd |nnglbsmf whmhnmless hay ntOhEethlesn selepitesl, then

thRRGSR Pl ey T AR PR R RS oot A Rt R inuyghich these
suls-bdhnds i$ HRNOAQ! MepBE iHrdnakyeitabinEenter SHBughaanehdons

selected fromthe list in act 504, it is checked in

ordgging BOR seaysnatordaiing frap thersubghansieh it the longpicaeamanaysto the
su‘tgﬁﬁea(r:n%&:]\!\éﬂlg fh'e%‘}%k%gro@é/ u%ﬂ&l RED- cﬁg{ﬂe%gkttg&%a%}{bt ot bJéh imarked as

be "ena an ex

exdininkd bg atti 310 nmsbea@@ﬁmmjt asekyeussedpbdeng Cdﬂﬁﬂhﬁt&ﬁl wrnh BIG. 4, or
net wor k, . where the(é&%lflcatlon nmessa es conprise sets
in gy ey wiHabiR @1aange el theyrvgiriiaRls fBhcommuRisation. s

of MOﬁllaad%rbghl%cﬁ?éﬂ h% FECH QSS&E% LP;S 2 eglﬂytgéﬂi'etp%e?s and that

manner, i ncl I Ng processes ove I n
embodimencstafaine imveiticactre A@ﬂimﬂed:tb@xecmtlngftha procas notlined in the

i ndi d a ected. anot her ut i n
Figp RO FRTOR TRt e G e i R trer i T TR Bt O LS it thgn are

sh(%dmemns nest e&%mgles oS @ﬁb@&iﬁl‘éﬁtsb@tﬁ&ﬁbéiﬁﬁh'n%y Md thplement an
FIG 3 or in any other suitable manner. If, however,

actttigctsighing haiwhed subechainedy praviedsindetsahined @dbeb\ynsaﬁdﬂh &

hannel i.n the.
cofftifegtot AT B Hha P, RER ST 8RRl e fes§ime Bt copasdon sub-
chdr@ls ndPlea umx?favnﬁ@lysséb:ccdaammhsn@@ st in the |ist.
The |i st nay al so be updated, with sub-channel s that

ar e Ibegmgya eﬁg%lvwnﬁwétmﬁéxts dehA08ef Fd{ng may not involve comparing a

sub-channel against a list of sub-channels received from another computing device. For
example, such a comparison may not be made in embodiments in which computing
devices do not reserve sub-channels by exchanging lists of selected sub-channels as

illustrated by act 420 of FIG. 4. In these embodiments, processes may be implemented to
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renoved fromthe list or otherw se downgraded. If, in

the process of exam ning, all the sub-channels in the
wo p@B/omye been marked as exami ned in act 510 PEMUS2007/085556

desired nunber of sub-channels has not yet been

s | ect then t he ess am ne .in act

@}fﬁﬁtﬁ NG AGOMOHE TS ICE o BRTIHSOT Sbesep gt has

ah&ﬂ@l%&@&ﬂ&h&ik§nﬁﬁﬁﬂhﬁﬁgbﬂﬁﬁﬁﬁﬁx%ﬁﬁﬁnhgdéﬂ&:SU'tab'e

manner, including a randomordering or a sequentia

ordé ﬁGr@slmentdxemsLaby piloaessdbr mbaliinglvenfliotsgbat arisc when two

comp@ERey:< &bt LB nad Sdr Rl o B ap Kmgtine
618 QXEEV0N e&npml@qtev@éox Wct@@ceﬁﬁﬁdi% REBlcRndl B f#3@BSission,

above in conjunction with FIG r in any other
acepuding ) enynaiiakle matkodier selpdtion, inpluding eehmiqussiessiibed ahgve. In

actﬁ@?&?{iﬁéﬁﬁf 2 Vlc%: Jég thjdé?gct ap ag\ﬁgﬁa{%ﬁ%§ g%l%e({: Au%‘ ch?dnﬁé 1 and

|ve process,
alsofseletre iti fovenisnassiar, € oﬂ@taniplfmcbﬂl@utuﬁg €66UB g roh@etect device A
process outlined in the figure. Enbodi nents of the

beqaﬁ%ﬁ Pridarmagyitsedetsctipr oy pal- éliwélﬁ?l 1 dying a e fthag deyieg 4 was not
traﬁ%@ﬂ ﬁ ?Io%géﬁn tHe'}eanbﬁ':‘wh dels;ﬁ% E?Eﬁa'ﬁ% feted Ql]%ce A 1s not cnt%cal to

nts of the invention ma so I nplenent an ac
thmmwﬂﬂmnleV|ng a list of sub- channels previously

Flez{f rm &8@ é o bSﬁ H?tsﬁ:tls Egﬁ%!ﬁ%lﬁféc%rqn%% n Cﬁé}l ogllch in the scenario
iR n@tc!u%@d %?y' Bo@hRRne! &yRgto 'ttﬁnﬁmlt b theQub-channel at the same
previ ousl y-sel ected sub-cthannel's. In some alternative

timspbodspamse.slevime tA §08's ofwaHig pSiodayhanon it degehetgransmit on that

S EBFELAP R RO AE o B8 IR e

an@ Walls & rHAoRFIrSABF B, TRdsc BehdsBOemt Ralgedas JeERkAy biltable range.
whi ch conputlgg devi ces do not reserve sub-channel s by

In garahembedigrents of hegnvaysioacthe svagnestaginld en thg order of milliseconds,

Whéllre]%it;%l& ﬁ%ﬁ?@lﬂ%tsaocftthe‘l%gerﬁ onﬁ‘hg lnﬁgp?rllghtt\{hz@ﬁ?%%oanntgla 8rder of

processes nm
seadndd. 11 hosldvireippeectos) bowager diawt the isehtiat i§ nbolimited to
. transm ssion a_sub-ch nnel hat has al ready. been
lmglén@e&l%&jmy(ﬁpeflﬁaﬁ%e Aot BRI UEI g devi ce.
ife $RQUSHRY af?exs%fge{ea rInddnfl§ She v&faﬁfn§ ﬁlzé%l Wi NG ffer nd the

Con fICtS that arise mhen two Conputl evi ces se ect
detibewsthrtiee sholtecivam nele wWidlrtrit ﬂoams thmbﬂuhamnel agrimbirofBaause

tineline 618. In. ct 600 e el ect
depiga el fhe B et porioth S TR et B 1R syt o
int&fdresdd ih Akt @8”%({‘1%%0{ 610 &&4raGhdsQRat thdGlbueHahBel is clear for

t echni ques descri bed above. In act 602, conputing

tranlféms@en Bt sibesh noant lﬁlmg@tﬁttrwlhmtttm@w data pAghinsingiet @k, delvice A exits
chann sel.ec it for transm ss
is BRI 1R andt B SR ETTHo® lbrrcrBloct BARATN TR R Bt 634, tha
sulAchReBaAUBR belngRREd BY ﬁE\dcé Bsind & Beicfsrd uashitbR-feh@iaidlission.
during a time that device A was not transmtting.

Demspey gren pf%éed%a%tnﬂ\ﬁhyvhar@m iéecleptane neh-chpapglstordevi ce
coén{uﬁicgﬁz)n.cg’ucfl ctEo% can be done in any suitable manner, including the

techniques discussed above.
It should be appreciated that the process illustrated in FIG. 6 is merely exemplary,
and that embodiments of the invention are not limited to implementing such a process for

resolving conflicts. Embodiments may implement more acts, such as storing a record of
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the invention. In act 604, device A detects
i nterference on sub-channel 1, which, in the scenario
WO bdoastIoatr ed, i s caused by both devices tryi ngP€DUS2007/085556
transmt on the sub-channel at the sane tine. In
res nse, . devi A enters a itin, eri od er
edat@ CHBEC i % i AreyRuL Y, atle%ta%a %Wgﬁﬁeﬁyweﬁm}f %@dﬁ#ﬁnﬂels It
shiBd ki@thePhe IIIBIHECIME@ 113€ FI. Q@tlluﬁ?&féﬁc&f@ét%@tw‘;&h @& A tiB& for case
interference and waits a random period of tine. These
of cm@nmon,l h‘mz swadl avemflect rmatyemSﬂ batrwee any i er mamg)empnhng devices.

nﬁ}l}e ?‘ﬁ Ve- (grﬁt)seéigeftlgﬁq rft ﬂt&tg pre{wt uéve\é\tl?ﬂlé gan be {)Telrnpqat}/tented n

anyeamdhéfaﬁg &apsf Fb & ahipV& Mikd é?ﬂbdlﬁlﬁeﬂtﬂ'ﬁia‘?'@ﬁhpl’é@iehteﬂ'dﬁﬁ%
on the order of seconds. It should be appreciated,

handoesy spftwatigaer a spanbinationttheraof 3Vhestimpiamangad ip goftware, the
so%t Ilse%gg%g gmrt% m%%?ut?@ﬁ% ws?uﬁt@%fé%ﬁo efssotrlowé%IYegtrtlggéfe r%c?ss%rs

whicthiel protvided i e singlet donrgputdr msealsmﬂtﬂtedobrﬁcf@rmalngletdmﬁlﬁeers. ce
with the shorter wait time wll try to use the o
subFerBsink sheigdd bp appregipted Hiad 4 GeWPHISY PLiETRINAEBaY hg embodied in
I , g t
ong 08 AL RENRH ol mb ik R EahbiSH, o BuGHF Cmb i o aptop
cofipted et @ rtahlelftessmpha:t Addatumaﬂiypzh ann@lten & teﬂn&aa‘,l rigyrbe embedded in
transni ssi o |ch 0i nt beglns iransnttth?
a deyige nak SEnsigHy ey TPULC By WE Al ORIt qoigics,
1ndP@(f11'1g39 P&RohA MRS Acsﬁgfaﬁh , a3mhAHhb, %F by @t‘ﬂ@tesultable portable
determning in act 614 "sub-channél” 1 7s being
OrﬁS@HGBVHmmwwvemB and is therefore unsui tabl e for
transm ssi then roce ds,to
wher it Atp PR R By Fhut A e RN 85 bR ECeri ctherpevices
carSbi€tised, z&ﬁd) th@thihag, tbere@@m user ﬁt&fa@@lﬂ@htp@esrm@n@m devices
|nclud| e techni ques di scussed above. [t should be
thag g ‘éfbtl é@ptowate auer v tes Srcludepsinicas egdipplaysageeng fprgvisual
prerlgﬁtgﬂl% SR ahy tSpe]%Egrs top §ﬁtere§mfﬂg 'ggt%}!l éeth%E If]or audible
i Aventlon are no to | enen

prapematissoffoitput eE)@Im@lmfﬁﬁ)plftldbﬁt:Ss th&’ﬂand)le I’ﬁem B)r I?(Etyer 1nterface
11g{)lenent nore acts, such as storing a record of
1nq

katberrde and noéing dsyicpy syiiotidnigedevdiords o difizing tablcs
As%sehbpeta%w rag;aﬁﬁ?ér gllaztt@ &t@pg&ﬂ ififorfnbtiGHAR ifggéctter

be appreciate strates a con
redogbitier or inhdemidibdsfdnmatsease of expl anation, but such

nflict ari.se between or nore conmput
v SO COmplo R Gue o E ot Sranvrs o arfiamrany siflable
fortl, @&@Mind AYLchiORe LAWK dr Pk RIEBRLGR Ak alXh @b an enterprise
numer ous ways. For exanple, the enbodi nents nmay be

netwopk entbatletdrngs iSugh heimewlesreay bobasampe anppuitbledetiinkigyand may
soft
R S R e S A
ne@@rks ot fibdr Plic pe@@rEsors, whether provided in a single
conputer or distributed anong nultiple conputers.

Also, the various methods or processes outlined herein may be coded as software
that is executable on one or more processors that employ any one of a variety of operating
systems or platforms. Additionally, such software may be written using any of a number
of suitable programming languages and/or conventional programming or scripting tools,
and also may be compiled as executable machine language code or intermediate code that

is executed on a framework or virtual machine.
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Further, it should be appreciated that a conputer or
term nal may be enbodied in any of a nunber of forns,

WG o@h/ 028978 rack-mount ed conputer, a desktop coP@IUS2007/685556
| aptop conputer, or a tablet conputer. Additionally, a

conputer or termnal . may be enpedded in a devic ot .
gendh HYY VS@%&%@&%@%@Y%@%&&S LI TEa Py medium (or
mui e %&%bﬁ‘tg?%%ﬂhé hicHia§8o.¢.| REbHFLBOMBMBSE/, SRNEH m&e@ldbpl%Iy discs,

Assistant (PDA), a snmart phone, or any ‘other suitablé
compadt dbice opticdlidieel redgnetic tapecs; Tsly memorisd, sorcuis cordrguodtons in

) have e or nore input and out put,devices, Thesge .
FighLtrokiarmmaghlC e Agays arrbihicy sEPiteRdyglon dices. £} nefled with one
or HvRS dpﬂo@ia%{sftﬁﬁ,ewh&i(@m@ht%ﬁ offon® Ut Aldke ERYHRAS of Bkr $:3BeshEYs,

used to provide a user interface include printers or

peidprspmgihods thak Heplementthe vaious cebedmzanisor! the ingamtiux diggygsed

e SOun. Vi or,

Soss MG T S S R et e ety
prop@dm be progednd ored thiséon dantberdaiee ohtdcdndir Aghrk diftwatt dsmputers

and poi nting devices, such as mce, touch pads, and
or gihgy Progesseys g%n@gmemtsvaﬁﬁkﬁ #dects RhhsIpecser! YRS @p divgyssed
abdcei ve input information through speech recognition

or in other audible formats. Such conputers may be

i nt dihe carmsChrgrdy”’ anfsofiwarne uset Worcksini angeanyc sanis¢ thdeéer to

form .incl udi nogigas a local area nea&eg).rk or. a \g de area
any, MnG,Qf ROMBYEHCARS OF fete CamBRiCEEXSrataRlsy IRSIGHCtP R _at can be
ern:p[Hy%El REDrograt B cOBHBF KSotHEHrHR sRATE A BmaMW asiBlid ig}egs of the

echnol ogy and may operate according to any suita '
prgsemtivowlionasldiveyssécaiondeA dditietadly sit skqubd bk spprodiated that according
networks, .or fjber optic networks. Also, the various
to BB S obaBinedl b o bl Riburt pide hab S feutea
peiF6int MRt dS BRthe ipBeseXE A ingibh @cQMARESI QY o EiBgRICOAPHRO b
that enploy any one of a variety of operating systens

prasesspr.duf epbe dagidhutsdboinal mgdularifashienemorasea raybpeot different
e A u ng
S e S T
t oolC®mpard-catamabi@instectvaspidydd iasmatx deuisablch agpedyrae
| apguage c(d?ge or internedi ate code C{?hat i s executed on
moglufes SREGIIFK DY PGP DOES) CORPRERTHET Qtherdevices. Lighetally, pragram

: | r e

o e O PR S0 65 PRI R ge,
pedamppdréculaetaslsyor impenent patieulid dppyct dawagpescbymedty the

di.scs, optical discs, magnetic tapes, flash npenories, :
FurPEg)t ST T S e PR BMed engeirod in various
emPblid¥stsOr Ot her sem conductor devices, etc.) encoded

with one or nore prograns that, when executed on one '

or Yerieusappess ef thepresontiayenivo craydrused ploné.on wombinabels or in a

Va]i-ti?rl{g tgﬁ%&%{,g%anﬁg%d}gg %)C?\éﬁ{ciaﬁy ﬁiscel?s?&? {nntﬁg ter%bgcqimterql% described in the
foregoing and is therefore not limited in its application to the details and arrangement of
components set forth in the foregoing description or illustrated in the drawings. For
example, aspects described in one embodiment may be combined in any manner with
aspects described in other embodiments.

Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to modify
a claim element does not by itself connote any priority, precedence, or order of one claim

element over another or the temporal order in which acts of a method are performed, but
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above. The conputer readable nediumor nedia can be
transportable, such that the program or prograns
wart@semedher eon can be | oaded onto one or norePCT/US2007/085556
di fferent conputers or other processors to inplenment
vari ous asgﬁéts of. t.he .present. i nventi on. as dISCUSSGq}
om

arcfE 1ereph 85 PP dSHBGE AN A MO P having A ciaiggrame

anQRERI Enéih? h@wﬁg RGhinE nﬁﬁ@ FButiGr floBind &dﬁﬁgytehﬂ% Rtinguish the
conput er code or set of conputer-executab

Chmn§kmuEMions that can be enployed to progran1a

ter, or, oth pr esso ous .
o p Bt P s B RE Bl oh BB Sy BE bRt deseription
and\iHuld Bdelr¥gardidd Shiwitidg PEhcARPE be Cinaluefhg!"N3bmpL§Ag bR thaving,"
to one aspect of this enbodinent, one or nore conputer
“cqptaigmans invehtingh end sxstions thepref heicin, iemprid 40 efcoppass the items
hst%& ‘ﬁ?e?&tftek QXcFé‘c[u'D\%tlenrﬁse%g@%?gs &?ﬁ 5%5(%(9120n%1 fLAg! e computer
cessor ut may be distribute n-a nodul ar
f as hla@ﬁlgaimcﬁg&ti sevanalnispdctsodf atlidabtarneimbodimpdtit ef thiinvention, it is

rocessors to inplenent various aspects, of the present

to poraramegizsed th@bﬁ%lﬂué pltgrdens Mol cRHetsy trd ngHevsregptHwill jeadily
ocTBRY tHol% Eﬁﬂe(ﬁﬁ‘%ﬂe &t RUHA A gi?sdH{o(aﬁic Hllﬁfgnﬁ%vé?ﬁ'&ts are

or nore conmputers or other devi ces. nefa program
intenoldd lte be paxt biidhés dlsn]d)sur@ and preog'readmi todDijﬁdtls the spirit and scope of

onen tructures, etc.

thafBYenieeq) hroordBed. fP‘i‘FﬁPlé‘ﬁéiﬁ%C”ﬁEP? b P s 3 g peyf remole

onfyy P€S. Typically the functionality of the program
nmodul es may be conbined or distributed as desired in
var Vo isetbodidnent s. Vari ous aspects of the present
i nvention may be used alone, in conbination, or in a
variety of arrangenents not specifically discussed in
t he enbodi nents described in the foregoing and is
therefore not limted in its application to the
details and arrangenent of conponents set forth in the
foregoing description or illustrated in the draw ngs.
For exanpl e, aspects described in one enbodi nent may
be conbined in any manner with aspects described in
ot her enbodi ments. Use of ordinal ternms such as
“first," "second," "third," etc., inthe clains to
nodi fy a claimelenent does not by itself connote any
priority, precedence, or order of one claimelenent
over another or the tenporal order in which acts of a
nmet hod are performed, butare used nerely as labels to
di stingui sh one claimelenent having a certain nane
from anot her el ement having a sane nane (but for use
of the ordinal term to distinguish the claim
el ements. Al so, the phraseol ogy and term nol ogy used
herein is for the purpose of description
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and should not be regarded as limting. The use of
“including," "conprising," or "having," "containing,"

wO 20080736pNg, " and vari ati ons thereof herein, iBCHESIW7/085556
to enconpass the itens listed thereafter and
equi val ents thereof as well _as additional itens.
Havi ng descri bed sever al ag%ﬁgﬁs of at |east one
enbodi ment of this invention, is to be appreciated

that yario i
NS RS i
fréqueacy-divBuarhmaltipbrxatgd pmmcohmh thethad cempsisimgid

i mpr gvenment are nte rt of this
di sé?l giiee fi g iy 9 E@éc?ugah@@ LatPﬁﬁlﬁYﬁﬁtgnglphamg a first

bafWd&C AR Of plﬁllﬁﬁt A RRed fﬁﬁﬁgrsgédﬂlﬁlp\furaﬁ%ffs% %E&Qin@& the
description and drawings are by way of exanple only.

seophd plurslity [callentigclydra@ingianscand bandwidibdho$ccopébatdwidthagreater

C L eyice for comunication using a

ﬂwPﬁ@gﬁ ﬁE%“%?%%’ mul tipl exi ng protocol, the method
COMRéinfiunEtatife R Gidnabusing ihe FrstRilutaRdyi JI¥clakted SlIeEhAcs.
sub-channels to carry a signal having a first

bandwi dth, the first plurality being selected froma

second pl “’ff’i‘é ﬁte%oafoﬁﬂﬂn(ih\% 8&lrSihe Egtt%f%&%ﬁﬂld%tﬁé Msgp ity of

col |l ecti ve a secbn ban

MH@Immdémc@ﬁ@ﬁde@acttsban the first bandw dth; and
connunlcatlng t he S|gb using the first plura of
sel 631 ed dstsBIEHEMEber of sutrehanpely basegrond %Sﬁ?ctdata rate;

sub "(ﬁjn gn Egﬁn é)gubsﬁﬂaﬁﬁél loPthe slago(rrg)ﬂhg[fahg'lrdﬁ Sﬂlb-chélnn%fs to

nprlses acts of mning a
deteumine whethes th@-suhahmﬁiei; hztsasmdltxons anséshle ¢ulddatransnaik|on;

(B) am.ni ng.a su nne e .second plurality af .

Sub(Chantnifiss Sesub R houHent dvaoaysBritier deabling

theCsQlBQJhﬁﬁ&m s tiaHhBia %Iecohﬁnﬂﬁ&%oh ra@éb?mn%% 9Qctekrfohation of act (B),
i dentifying the sub-channel as suitab

an¢ egteaimigdlat mbrph@nn@ld@mornfrwmgattohef Khhs b@and@nﬁaé as suitable;

det EPh nathebfivef oy i) BR APk Ry e of the second pluralty
of SulcHHRAEID ahmfa@nea_@anauﬁmatdfcsﬁbichamielshasele@@cn

identified as suitable; (D) repeating acts (B) and (O

for different sub-channels of the second plurality of

sub- c?anne%ﬁeég&%hg§%%l Qs&h%ggﬁnynber of sub-channels

Is sel'ected od of claim2, wherein the act
(D) tHeuuct 1@y fuetheprongeBesitonngign mdidatich 6fdhe ettb-ofianinbie sclected;
gub-channels sel ected; and
an
the act (B) further comprises examining a previously-selected sub-channel before a

previously-unselected sub-channel if the computing device attempts to create a new signal

within a predetermined period of time.
4, The method of claim 2, wherein

the act (D) further comprises storing sub-channels identified as unsuitable for

communication; and
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the act (B) further conprises examning a
previ ousl y-sel ected sub-channel before a
w@e@siozasst y- unsel ect ed sub-channel if the conpPCT/N§2007/085556
devi ce attenpts to create a new signal wthin a
pre etermn eriod of tine. 4. The met hod. of ¢l ai.
%f? (r%? f@ﬁeg TROMNEISYS FXGPYHER aéahﬁﬁ%%ip@vwwlﬁgéenﬂ?ed as
unﬁh'tkﬁbﬁrb@t@f‘@ﬂhér iﬂ%ﬁhﬁél@%t%eﬁ&%‘w {dRRied Arunsuitable if the computing
conmuni cation; andthe act (B) further conprises
deexaatianipis) topcreat a oharsigial prikwi aopredsterindegtt perioddf dime.
unsui tabl e after other sub-channels not previously
identified as unsuitable if the conputing device
attenpts tPhe&membe of cRBW2SWEERIN the hiti(B) BurfHee 86th stk BBEbsing a
period of tinme. 5. The net hod of claim 2, wherein the
sbrchapyel figexaneine by ape PELENMDESICAGOTBPTO0ESS ©haiingdr seguential
Qone of a random sel ecti on process or a
ﬁ%%ggﬁgggé%entlal sel ection process. 6. The nethod of
claim1, wherein the act of comrunicating wirelessly
further conprises : transmtting a selection nagtice to
at |e®st ohke Behed of shputi W@eraavh% act of gamgungatipgpyirelessly
gg%kp&) [ising a notification that the conmputing
evice has selected a set of sub channels; and not
c hoasnsgittsnge si@noe hetidd totae tastrona ogel emhputmgrtﬁvmceethe selection

rrecei ved. from ot her conputin evige far a
ORI 0P SR TaY T FREDURTE deyacerhids ptloeici 2 st ay-
chémeWh&fei n the act (B) further conprises exanmining the

sub-channel for a predeterm ned period of tinme before

mak lnntqchtohsng etlechdnnalsilisted 182 sdthetiomptotiod raskived &iom dn other

act qof sel ect erformed once at the
copf i Tl dp L bredistRnEd Pk LB on "and ¢ o et hod
further conprises releasing the selected sub-channel s
at the end of the conmunication session. 9. The nethod
of cl & m gThoymether of slaga Anivherei the actdBe Sirdher pemprises examining

ﬁi1 %815 %fla%ngﬁo a&a?e%fgfe%ﬁl%ldg)gﬁo&'?f tll%e %ggp%ﬁgfim gl?a('ie%rﬂﬁnatlon

nprising at l'east one conpu rea
encoded with instructions for execution on a conputer,

wherej n the instructions, when executed, performa
met h o%r comphs Frthgd ofielaur i Wherginthe a¢t afsclgetig ig performed once at

thid b&e g%lf 3 cbﬂmﬂlélfldaﬁ%ﬁ ﬁs%é){/l%g? Elgeerﬁétgtég Elrgﬁg E'cﬂﬁg Ses Irel,easmg

sel e tl n a secon | ur a nne
thheclsetcé stbechanubls ahthﬂ redl of the communication session.

9. The method of claim 8, wherein a communication session is a discrete

data transmission.

10. A computer apparatus comprising at least one computer readable
medium encoded with instructions for execution on a computer, wherein the
instructions, when executed, perform a method comprising:

determining a set of usable sub-channels in a first plurality of sub-channels;
selecting a second plurality of selected sub-channels, the selected sub-channels
being selected from the set of usable sub-channels, the second plurality being less than the

first plurality; and
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bei ng selected fromthe set of usable sub-channels,

the second plurality being |l ess than the first
w@bkasalicdy; andcommuni cating the signal over tPET/ESWOTIOBS556

plurality of selected sub-channels. 11. The conputer

apparatus. of. cl.ai m 10, erein e co ter-readapl e
med CARUicatng W&Slgélﬁgw@@ﬂ%ewpdgpqwa@fyn@f?se Geted Sab-channels.
previ ousl y-sel ected sub-channels, and wherein the act

of determ ning further conprises detern ning whether
t he pthkvi olib¢ orspltecippdratsivf chand8) whémintthe computerarcedable

(RRarh e o0 Pt Sy BEPE Rt Rl B PP RGnets. and wherein

BB GedecWrinthidg Firther &5mSikes abammialng WwheNdr @tSpréviously-selected
deternined to be unusabl e, and wherein the act of

thbrhapils Hithe liptdie psabbmmpri ses det ermi ni ng whet her the
sub-channel s previously determ ned to be unusable are
usabl e after determ ning whet her other sub-channels

are usabl eThd@mpihe dppamtiser cRppd0aibsedfthe banpatdBreadable
furt her conprisin& a network interface, wherein the

Bty 8 furdhes entodsfl &vithishist g syborhenednpresioushredctramigsidio be
{\}ﬁfg% £ 258 whkfein 1€ack 8?@&%&1}?@@ %dll?cﬁ lrén&lngh?é&lrdghez%lmng whether the

rein the conputer-rea
aeddenk]sptehionslypistceminer e bit abbseblicrasd usablei abtes d¢th@abining whether

en executed, performa nethod of operation in a | ow
o BB e

fiod conprising: deternmining a
second set of usable sub-channels in a third plurality
of sub channels, the third plurality of sub-channels
bei ngla suBbetomutetppphiatustof glaim 40 tuytherf cosuryisttgaenmasiverk

and.sel ecti.ng a fourth plyrality of sub-c nel.s f.rom
ParEE SR BB ity Bl it W EA PO T R Alrface
plurality being less than the third plurality. 15. The
comput er agﬁaratus of claim 10, further conprising a

batt etd. 16he gommitergppamius oielan d At Whercinehoeempuerfopdable

SRR PR LR Ol e RGP TS LR G 8 v
pafeotd mgthad plf u%ahﬁidxyincaﬂfo@qioa&t ﬁd)éis,_ttge ﬁfeamﬁejoﬁlpltri@ing: ;

rr sign avi n aftllr andw dt .the el ecte
gﬁbd%wgﬂ%%}ggsaaﬁép%seé 3f %@P@o&i’r@g?ﬁl%lspm@r%rﬁi Pylr%fty o sub-

c | r l.i . - . _
oSBT Brurd BRIl Habdofs Biin b IEEAINR, first pluraliy of sub
chpaebywardt h greater than the first bandwi dth

andtransmttin t | east .one ssage. over the
oo PP ol plicelish OF i s PO the Secpnd “fiseblg pub-
cheﬁin%ismh% @@urvmlﬁﬁfdnny 5&@@&@% thh B Bfrd bRASIityONe nessage

over the plurality of selected sub-channels conprises
transmtting a nessage fromthe second

15. The computer apparatus of claim 10, further comprising a battery.

16. A method of communicating between a first computing device and a
second computing device, the method comprising;:
with the first computing device, selecting a plurality of selected sub-channels to
carry a signal having a first bandwidth, the selected sub-channels being selected from a
plurality of sub-channels, the plurality of sub-channels collectively having a second

bandwidth, the second bandwidth greater than the first bandwidth; and
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conputing device to the first conputing device. 18.
The nmethod of claim 16, further conprising an act of

wo e@ndnieht i ng fromthe first conputing device POI/URE07/085556

second conputing device an identification of the

sel ect ed. sub-channel s prior t e act o r mitti

t he APSTUEE At 338t ARCTBEYRES OpST ﬁlﬂpéurﬁ@&ywéaels?te@ S hapgery
further conprising an act of analyzing by the second
conmput i ng device signals received by the second

C onpuﬂ ng Hesincthot of dlatnerlﬁ;' wkertingrapsiityh@airedss one message over

cted fir ce. 20, The t hod
GF rEfaToT et olib ri e RS Bthb Bts SR Sinee o fom R second
@cﬁﬂmﬁing%@v@mnhelmgc@n@haﬁgd&flcesub channel s previously
used for communi cati on between the first conputing

devi ce and the second conputi ng deV|ce and anal yzi ng

sign ai g ' ef’ﬁé Ml% 0d'df Eﬁﬁﬁq Sfdﬁh% " (%e IprS ﬁﬁpal,’nha%[ of t?ansrmttlng from

examning sig S recei ve on o
the first cornputlng deV1ce to the second computing device an identification of the

selected sub-channels prior to the act of transmitting the at least one message.

19. The method of claim 16, further comprising an act of analyzing by the
second computing device signals received by the second computing device to determine

the sub-channels selected by the first computing device.

20. The method of claim 19, wherein the act of analyzing further comprises
examining a store of sub-channels previously used for communication between the first
computing device and the second computing device, and analyzing signals received on

those sub-channels prior to examining signals received on other sub-channels.
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