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THE I NVENTI ON This invention relates to adaptive w rel ess comrmuni cati ons
and nore particularly to adaptive utilization of one or nore avail able
wi rel ess resources. BACKGROUND OF THE | NVENTI ON The scarcity of resources
associated wth use of the electromagnetic spectrum (such as bandw dt h)
can adversely affect tPé'NféWpoW%'ﬂtE REe{ HEHd4A QNJy exi sting and
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oper abl e testabhmmnde]ﬂenpneemvelmre wirel ess communi cation resources and

generate w (ﬁ s[ conmmuni. cation, res urcF dat a; P 8 ti on nodul e
oper abl e, sS4 ﬁ RIRNSES &[héc can put smaller enterprises atadsa vantage.

Current use of the electromagnetic spectrum enables data transmission at

rates between approximately 19.2 to 48 Kbps in channels between approximately 200
KHz to 1.5 MHz. Many current protocols for wireless communication use time division
multiple access (TDMA), code division multiple access (CDMA), or circuit switching
techniques. User terminals (such as mobile phones) can, depending on the user
application, operate in a single mode, dual mode, or trimode. Wireless communication
can be limited to regional or national boundaries, and devices supporting wireless
communication typically use a dedicated segment of the electromagnetic spectrum.

SUMMARY OF THE INVENTION

Particular embodiments of the present invention may reduce or eliminate
disadvantages and problems traditionally associated with wireless communication.

in one aspect of the present invention, there is provided a system for dynamic
wireless resource utilization, the system comprising: a sensing module operable to
monitor one or more wireless communication resources and generate wireless
communication resource data; a prediction module operable, using the wireless
communication resource data, to predict the occurrence of one or more holes in one

or more future time periods, a hole comprising a wireless communication opportunity




comuni cati on resource data, to predict the occurrence 4% Ognker@P0Grore hol es
in one or nore future tinme periods, a hole conprising a wrel ess

comuni cation opportunity 19 October 2006 1l1la not associated with any

exi sting channels in which one or nore wirel ess conmmunication resources
assigned to one or nore first users is tenporarily available for wreless
communi cati on by one or nore second uséls, the predi ction nodule being
further operable to generate hole prediction data; a synthesizing nodul e

operabl e, using the hole prediction data, to create one or nore wreless
conmuni cat iNGhaEIPSIHRY With 2@ Hipg GRRNNSIS IRYYRECPRSRTCI¥E WiSISs8 and generate

channel  sypihaficatigatesourtes @bS6hddR dMadH nfor® Rt B&Yre id tembBE&Rily\“Rralkijid
reflecting fee,dtfack from one or nore previous W reless conmunjcation
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to the receligtuditirdparibld 3g)ehbRANRIIe pFaUtioR Hats; d%zﬁthe§ﬁh§ﬁfod9!ée or nore
particul ar w rﬂ ess. conmmuni catjion channels from the one or nore created

wireless c & SBINg ARl RERdiCtion datasto (eRiP GRe PR IMRWIre!E$S her operable to

gener at e WcbRinRifcalioiBhdHnert fromm thehmaneImere lorsdidtedhslas and 8énerate Thanmarnt
nmodul e oper the wirel ess communi cati opn channel selection data,
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operable to instruct the radio un|E to di scontinue use o e sel ected one

f ot
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provi ded a, net hod for %%ggmrc wirel ess resource utjlizatjion, the nethod
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gener at i ng fuhet bpsrableadGenéra it vifiless coiMhliriGatidA cRannes b&lectioRlaw; Al ess
communi cati on resource dat a, gredl ctlg‘grthe occurrence of one or nore

hol es in oRESIGIMERLROGUIR operablesingihe yirsless CREIMMNICAERH FRANRIFEEHPR el ess

comuni cat idafa, @Pipsirddt Birkdio DA (PERNRURESRE UdingIhaBdleQ¥d 8hé BEmoghannel s in
whi ch one or nore wreless conmuni cation resources assi gned to one or nor e
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dat a, ng one or
the one or Wl'\"ﬁteés CB‘F‘EEI%“E’FE‘%' thanesls affentbe £LOMmyNiGRHAR BpS BSRN sreeRietedat a;
recei ving data mehlseeshd\gspect of the present invention, there is provided a method for

dynamic wireless resource utilization, the method comprising: monitoring one or
more wireless communication resources; generating wireless communication
resource data; using the wireless communication resource data, predicting the
~occurrence of one or more holes in one or more future time periods, a hole
comprising a wireless communication opportunity not associated with any existing
channels in which one or more wireless communication resources assigned to one or
more first users is temporarily available for wireless communication by one or more
second users; generating hole prediction data; using the hole prediction data,
creating one or more wireless communication channels from the one or more
predicted holes; generating channel synthesis data; receiving data reflecting
feedback from one or more previous wireless communication attempts and data
reflecting one or more network conditions; according to the received data and the
channel synthesis data, selecting one or more particular wireless communication
channels from the one or more created wireless communication channels; generating

wireless communication channel selection data; using the wireless communication




f eedback from one or nore previous wrel ess comruni cati thOeabhherPdts and dat a
reflecting one or nore network conditions; according to the received data
and the channel synthesis data, selecting one or nore particular wreless
conmmuni cation channels fromthe one or nore created w rel ess comruni cation
channel s; generating wreless communication channel selection data, using
the wirel ess comunication ------------ 1b 19 Cctober 2006 1b  channe
selection data, instructing a radio unit to comuni cate using the selected
one or nore particular wreless conmunication channels; and instructing the
radio uni Chernedisslestinn defa, RsBUGIng: :éadie gl tte sopwaINsatarysing he selectedr
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conpleted. In a third aspect of the present invention, there'is provided a
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in media apAaHRaft HRCORHAUNBRAIOAR HeBh cBRPictey, one or nore wirel ess
communi cati on resour ces; %enerat e W reless conmuni cation resource data;

using the wirel #5@ histhAsReetAfitba Presant investiomithereps dupvided AesOiWalR fnce of

one or nor @yhathieSwirdleRNRsBlircBtRzAtIbhUIR bbffilRare RAABARAEEY inPnfeBlaCasPWPehsSi Ng a
wi rel ess comruni cation opportunity not associated with any existing
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one or nor gehérafe wiksIBssS coimbiBiERRIAFdsbifrcd\tRitd; aking the wiridse! @$dmunication
conmmruni cation by one or nore second users; generate hole prediction data;
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channel s f pgRadst B%o%n%rlsm@réawﬁélggé erafhuRiRh®sh o IBREBRIAL ot @386HMREd SRt hesi s
data; recelve data ref ectl?}%?fee back from one or nore previous wWreless

communi cat BBh existisghanagly in dihich QoL /I Mg WrRlessr CorpnENifaiaNo FSEOHESREI t i ons;

according h8sighey recoh¥edr dabm anst JsBe qgatyﬁﬁiorawwtMéaed%raw.@@sect one
or nore partlcul ar wireless communi cati on channel's fromthe one or nore

created w FPINBYBICEHRMBN ORI GRPTE PSRRI Ysergegrneste hOW predisian dai@nyfingat i on

channel Seil@!ﬁdl@'ﬁréﬂﬁét@n da¥d, Rebdtd 8ndiok %&é%wr%%g‘éﬂﬂnﬁﬁhlc‘aﬁon ehaHMa®l frsiR! ection
data, instruct a radio unit to conmunicate usi ng the selected one or nore
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communi cation channels after the comruni cati on has been conpl et ed.
data reflecting one or more network conditions; according to the received data and
the channel synthesis data, select one or more particular wireless communication
- channels from the one or more created wireless communication channels; generate
wireless communication channel selection data; using the wireless communication
channel selection data, instruct a radio unit to communicate using the selected one or
more particular wireless communication channels; and instruct the radio unit to
discontinue use of the selected one or more particular wireless communication
channels after the communication has been completed.
In a fourth aspect of the present invention, there is provided a system for
dynamic wireless resource utilization, the system comprising: means for monitoring
~one or more wireless communication resources; means for generating wireless
communication resource data; means for, using the wireless communication
resource data, predicting the occurrence of one or more holes in one or more future
time periods, a hole comprising a wireless communication opportunity not associated
with any existing channels in which one or more wireless communication resources
assigned to one or more first users is temporarily available for wireless
communication by one or more second users; means for generating hole prediction
data; means for, using the hole prediction data, creating one or more wireless




In a fourth aspect of the present invention, there is pfA®@ridest2806yst em f or
dynam c wireless resource utilization, the system conprising: neans for
nonitoring one or nore wreless conmunication resources; means for
generating wreless conmunication resource data; nmeans for, using the

Wi rel ess communi cati on resource data, predlctlng t he occurrence of one or
nore holes in one or nore future timelBeriods, a hole conprising a

Wi rel ess communi cati on opportunity not associated wth any existing
channel s in which gne or nore wirel ess conmunji cation resources assigned to
one or nor &oMmugicatianehannglsifeam Byesane of marapraginted kejes;peansdargenerating
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sel ecting one or nore particular wreless comunication channels fromthe
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Cct ober 2088s bderFabintpliggbar enbodi nents of the present invention provide one
or nore advantages. Particul ar enbodi nents enabl e enhanced use of one or
nore imted electronagnetic spectrumresources or other wreless
resources (such as tinme slots, power, and codes). In particular

enbodi nents, one or nore underutilized wireless resources (which include
unutilized wireless resources) are used to provide one or nore wreless

|l i nks for. one or nore users. Particul ar enbodi ments increase




utilization of one or nore limted wireless resources byo Bctolpm@0G6 cati on
system (such as an end-user device, base station, or access point). In
particul ar enbodi nents, one or nore underutilized portions of one or nore
wi'rel ess resources are identified and subsequently used on an as-needed
basis to establish one or nore wireless links for one or nore users. In
particul ar enbodi nents, instead of lnnﬁtoring only particul ar bands,

wirel ess resources are nonitored using a multi- dinmension, nulti-I|ayer
process. In particular enbodi nents, underutilized w reless resources are
grouped for e%&?&.&h&ﬂ&d{mm&me'd@&tm%mwbrm , BEbAnGle Detween a
device and an infrastructure point ticular enbodinments, two or nore
users can rdyantagase Paftichlar embhdlmentsrertablemwenmme(ﬁ@ngpr morelingitdct abl e

portions of el ober
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more under Ut cﬁPHﬂ@{%y&ha €¥%ne or nore 15 wireless resources are
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each other to determine one or more suitable portions of one or more wireless

resources for establishing




deactivated to allow one or nore other users to activat 9 Obtebe2806r nore
wireless resources. Imparticular enbodinents, flexible resource handling
t echni ques are conbi ned-'20 with one or nore ad hoc network capabilities and
one or noWO B3k el enents. In particul ar enbodi ments, POIVIES63/12717

i nt erdependenci es are created anong neétwork el enents to provide greater
networ k coverage and reach. In particular enbodi nents, an authentication
center can verify a user attenpting to access a network and subsequently
provi de ong. or rewreless links to the user. Particul ar, enbodi nents use
of 11 ci ot CHIFRE . PREGRAIve S8 TRles fg [nepHticuite smbediseaty, ovisglessi kel av¢ and
need- basethdnRSRUTG Surtler ictalst BfficidiRy bhd biretiiveAR0 W BT iRE whIfes infPI®
segnments of the el ectromagnetic spettrum on an As-need Dasis tor

comuni catherfgtusar ti cul ar data (such as voice data, e-mail data, or webpage

data) to aneligrate the,scarcity of el ectromagneti ¢ spectrumresources,
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use orie or nore limted el ectromegnetic spectrumreso s only
needed ( ap@bpdimenigurnibla adapivet hee ofi@ner omuroee | wintlessd rdsBufdes dlagsd 200He WO

- 03/ 092231 03£12717, 4 electro neti c spectrum resources_when not
_needed) t%ﬁﬁéﬁﬁoé%lv%?eséﬁ?@%ﬁgﬁn@gﬁ '°8f°f“§r°rl%‘l’r8 pagh '%é’ﬁ?dspgrqniecﬂil ar
enbodi Menire gk, dwhichexdd bRabl heiesed RAA Kigh) ﬁﬁ%ﬁ&ﬁé@ ftbgg,? wireless

t echni ques, which can increase wireless resource utilization w reless
net wor k efXpERRSations Yareus conditions. dasticilaremtodiments provide s imuiti-cpatans can

eagi |y ver f nd provide one or nore w.teless |jnks between
b S | YuRAaRaRSink A Ral AT B DA, RS 8. TEREAIHEL BSF ALl o
enmbodi Menbibier wirtlebeSRtchRIDASHRs A5 @ 16V RafiaGinatvéid 4d ‘K@@né@ork%%ﬁfﬂégﬂ)?t e an
expandi ng base of applications. 10 BRI EF DESCRI PTI ON OF THE DRAW N o]

provi de aPuexide ovesal| flexabilifye Regicalagiemodimentsprovide eow nffettimeonisless systems he
features ﬁ%@ﬁéﬁ%gﬁ%&&gp fviroﬁﬁ%&tr ence is made to the foll ow ng
[ t aken ]

description, I'nconjunction w fh the acconpanyi ng drawi ngs, in
whi ch: FI GURE T patisulac bmibadiifents), |ons tor ahb@ ufeniilved §)oREshsCOBR bE aldrON

system for. 15 establishing conmunication |inks by activating unutilized or
underkst i | Vuelgss, reseusss; are 1denfified and subsequently activafed on an as-needed basis to
establish one or more wireless links for information fransfer by one or more users. Afier
the information transfer has been completed, the one or more wireless resources can be
deactivated to allow one or more other users to activate the one or more wireless
resources. In particular embodiments, flexible resource handling techniques are combined
20  with one or more ad hoc network capabilities and one or more network elements. In
(’ ) particular embodiments, more interdependencies ére created- among network elements to
| provide greater network coverage and reach. In particular embodiménts, an authentication.
center can verify a user attempting to access a network and subsequently provide one or
more wireless links to the user. Particular embodiments use efficient and effective
25  brokering techniques to enable application and need-based resource utilization.

Particular embodiments use one or more segments of the electromagnetic spectrum
on an as-need basis for communicating particular data (such as voice data, e-mail data, or
webpage data) to ameliorate the scarcity of electromagnetic spectrum resdurces, which can
facilitate use of new services and applications. Particular embodiments can be used to

| 30 more or less ensure that one or more services use one or more limited electromagnetic

spectrum resources only when needed (and relinquish use of the one or more limited




resources; FIGURE 2 is a functional illustration of a st9Ovelres28fapti ve
techni que for enhancing use of unutilized or underuti{ized wireless
resources; FIGURE 3 is a functional illustration of the softstate adaptive
met hod i IVO9BP%28H in 20 FIGURE 2; FIGURE 4 is a bl ock diragvuses/i2717
illustrating the method and system fort dynamc wireless resource
utilization in accordance with the present invention; FIGJRES 5A through 5E
il lustrate exanple DPA functionality; FIGURE 6 is a block diagramof the
pr edi ct or ]gf Fl GUR 5 FIGURE 7 is an illustration of channel synthesis
and opti nf oINS 8&83 BPSAUFSE SHhMonet Resdeddctoermabls swaller entrprisesi b9 o
bl ock di agffathefe setae®d | oop structure of the optimzer of FIGURE 4;
FIGURE 9 is an illustration of an adaptive nmeta access nethod to package
30 i nf or mat i onP#mticaler smehodégents tivovide ﬂﬂmblenwlmhvserspemm ResduRle h@ndlinga

bl ock di‘agr ser MAC.functi onal. oW n aryi ng .nodes of
oper at i :)ﬁ& ﬁ-ﬂhﬁ% %&g‘%‘[c’gp I(licfreqlgfe&ﬁll:esgres&h@e uti] z tion 3\’M X gleiv f@%’%’@g@?mQ@QG w
03/ 0922 3 11rPpatikife8 eddodifuents, Fah@éﬁgcél%n' e%nﬁar§ 'c&WbE r'E?‘.!lﬁffl labdddSdr ft {n%}ﬂ’lg_[a%(jRE 4

al gorithm describing the operation of | 00 -ahea assi gnor
DESCRI PTI PIQvide mmwmmﬂmwbmemmappm@m s@p@eREud antdpplivitionl ess

conmuni ¢ ns Sy s cel | ul termnals 1

i dent i fya%gr?gt i |Ilﬁ2§%‘% Fl?tﬁ’e "i‘fsél ESQUICEs AP ¢ gal@ t“é‘%fz?‘ghm
conmuni ca&dcomniddatesant@@mﬂg bhe df@b}{,)]_[,ﬂaﬁﬁng erm nal s and ot her network
elements including routers 12 and base stations 14. Each of the wrel ess

termnals 10 searches for unut| |ized or underutilized wreless resources

to e%@b'ﬂﬁﬁaﬁnﬁgu _"U' I(%Ii %&m 10 destination device. In

addi t'i on,~each ofr =W lel Ebo ef s programed to establish a
feverse proces§o tp:oaﬂéaeblmah confpleulideatindhd bfkhé R&ean uWehﬂbﬁ‘%ﬁrtth
information to enaple est abl i shrrent of a conmmuni cati ons A term nal

10 coul d ¥BaEes Avdi 3 a?jtﬁ gheof, reference is made to the following descnptlon taken in
conjunction with the accompanying drawings, in which:
FIGURE 1 is a schematic illustration of a wireless communication system for
15  ‘establishing communication links by activating unutilized or underutilized wireless
resonrces; _
FIGURE 2 is a functional illustration of a software .adaptive technique for
enhancing use of unutilized or underutilized wireless resources; |
_ FIGURE 3 is a functional illustration of the softstate adaptive method 111ustrated in
20 FIGURE2;
(, : FIGURE 4 is a block diagram illustrating the method and system for dynamic'
wireless resource utilization in accordance with the present invention;
FIGURES 5A through 5E illustrate example DPA functionality;
- FIGURE 6 is a block di'agram of the predictor of FIGURE 4;
25 FIGURE 7 is an illustration of channel synthesis and optimization based on
.predicted hole characteristics; ,
FIGURE 8 is a block diagram of closed 10015 structure of the optimizer of FIGURE
4; '
FIGURE 9 is an illustration of an adaptive meta access method to package
30 information in accordance with the present invention;
FIGURE 10 is a block diagram of a mulii-user MAC ﬁmctionality' showiilg _
varying modes of operation of the adapter of FIGURE 4; and




a wireless custoner prenises equi pnent (CPE) device pro¥9 Qttniger20et oner
access to one or nore conmmunication networks. Infaermation can be
communi cat ed between two 15 ternminals 10, between a terminal 10 and a
router 12%O43@°Bét ween a terminal and a base station 14 eernZosmI1IOr NOre
wirteless links. Information can be coAnuni cated between two routers 12 and
bet ween. two base stations 14 using one or nore wired (which could. include
optical) links. A termnal 10 from which information can be conmmuni cat ed
can use a sof dapt ve t echni which is described nore fully
bel ow) to sear%@ﬁ%‘ﬁ lgd 8 ﬁ%&’ﬁﬁﬁg’%@&%’gﬂ?’@gﬁiﬁ“@% the pperatipn ef thss
link to aiodg%hbﬂapdsg@ﬁold@pwj ch could be another termnal 10, a router
12, or a base station 14). A termnal 10 to which information can be '
connunlcated can use a reverse process (which is described nore fully

f

bel ow) tODEgﬁﬁ?ﬂ"ﬁ(ﬁIQg@g C g- s link to be established
usi ng on

L LA ENISurces and an softstate '
adapt isve t echriRgfeing2fo F’malll Yhe Whelcdk b&MARRIGA t ch as
illustrated jn FIGURE 1 operat es at data rates o?ﬂjﬁ}sf\‘%ﬁ C%Bﬁ%/[e% glslﬁy\n th
channel H&H@W’dt’rpspmdtthade@fmwuhhz&deos yaaﬂmhm wﬁrek:ss pesaurces to

lti- L0 dIS|P ‘based.
Elejlchl o?r %Eeh%ggelf F& er m EE% e eatg@gr‘f%lﬁﬁ g(ﬂ%t ghY Pk ql‘?ﬂ‘e‘ﬁ"r obal
comuni canclumnghamumgw\mdemﬁ StaliesP 4. CBECHOSY B \ﬁpdléésqahhﬁﬁs @@g&&t a5} S-

Referring tQ FIGURE 2, there is illustrated the software resi I'n each
of the lizedsox wndarptilized rwirelessuiesquaensitg astablislyla commmtiicationi linkl Githsa par t

ot W Etln?a% n b nlcatlonllnkto ot
@l[ r elhgss qeer m nal ?&1@}" fla @t‘%?%:ﬁfoﬁfﬁ%]wgﬁ% 5“&%1386‘-1&“% e9‘£@‘?§’/‘%)92231
PCT/ US03 Jr&ﬁe?éc?proﬁesscterﬁstalb!ashlad:od&ﬁﬁﬁéﬁti&ﬁ 1ekUFrbI %8 Grifatél OF iHfokinhd&f to
urces. available in the environment. Thrs is a dynamc

Wi rel ess reso
al | ocat i ﬂeﬁﬁlﬂﬁﬁﬁl‘%‘mﬂh?ﬁ poragugigagions liak; eﬁt@rmml 1G could be emibileqiione or

DSP- pr oC gS1:81dssCaR MR dri tvvork and W rel ess
termnals. Upon | dentrll%lngiastesl 0 @i @ S :ll zgﬁe FO‘Gﬁ'ﬂgrcﬁftheﬁé‘éc%ﬁ foePies s

r esour ce ortineres ofthmanieafiom atetvoosiks. 5 Inﬁ}rﬁﬁhﬁﬁtcaﬁ BOToRhiSRRE bEHBeh B$RUT Ce
‘to b‘i utili zwﬂ \t}ﬁr transm ssi qu,(iel nd recepti on purposes. The identified

port itdn &t bgtween ¢ dergun s@de%mé‘@fbv £/ bebfeendr termipahétidyubase t he
radi o Unistaidf 14Qushiet G bSRoR GRIEMEAR RS bk cad Egg{,ﬁgﬁk ioted HERbeepn | S

recei ved fromthe network on previ ous communi caton
refine tHK&o fblételrstlﬂf aghbétwremtwb Hateastations i aningf omﬂmbtezxeﬁ‘e@(wmﬂ%ﬁml | i zed

wirel esslﬂc

et (%lcal) links. A terminal 10 from which information can be communicated can
| use a softstate adaptive technique (which is described more fully below) to search for
20  underutilized wireless resources for a wireless link to a destination device (which could be
{, another terminal 10, a router 12, or a base station 14). A tém:linal 10 to which information -
- can be communicated can use a Teverse process twhich is described more fully below) to
enable a final portion of a wireless link to be established using one or more undemtlhzed
wireless resources and an sofistate adaptive technique.
25 Typically, the wireless communication system such as illustrated in FIGURE 1
operates at data rates of 20 Mbps to 1 Gbps with channel bandwidths greater than 5 MHz.
The system operates in a multi-protocol integrated mode using packet switching and is IP
based. Each of the cellular terminals 10 are multi-mode adaptive umts for global
communication sharing wireless resources on an application demand basis. :
| 30 Referring to FIGURE 2, there is illustrated the sofiware resident in each. of the - |
 wireless terminals 10 functioning through a radio unit 16 as part of the wireless terminal to

establish a communication link to other wireless terminals. The software functions to




10 One approach for dynamc wireless resource utilizati ¢dOctebdy2eesl on tine
eval uation. Three potential tine based approaches for.sharing scarce

wirel ess resources to neét’ varying supply-demand consi derations incl ude:
a) millis®dwd93Bdond, b) minutes- hours, and c) days-weekgePpgisRs77The

m | |i second-second approach reuses andé al | ocates resources based on
‘tenporary denmand-supply surges, for exanple, traffic conditions on a 15
network and energencies. Wth this approach, the need for control over a

wi rel ess .iq%%%;rc‘g a.user takes priority over other users. The tine span
to establ MU, an iRe ppwHizedngr upderytiliged fwirelesst pespuiceppvaikablom swor t

for resoucsERRURL | Atk -agi ources W th other..users, The

i nut es-hoﬁﬁg appF'o%%r%%@éﬁlg&gg’ﬁllﬁﬁéo‘?@l HSW?WE?%%%ABJS%GS
f r om ot herenhaeed DEB-1irergssing chpabilitydh adepanthicaios! iRewdk0ma0n FEERABInSHLk S

est abl i sh%d in thg %?two k 1.0 enabl e enhanced user data sharing and

profi | i ng “RBRiGenipaam ¢ ‘@EMQWMWW@@W@%@%@Q gofiarare funebemsnent
of i ndorpakkleqt 9Rssibisl | £S..T: - s- nont.hs appr oach
enabl es owners o:ﬁfw Irlel g@é;&?@sg%srggiggn[t%oﬁieugé? ?daggly ?rg}égngé%lfmvﬂﬂdefeg on

r esour cespipssspedihal identéfinds poionhofishe avird@s eRsAEcAREERAVEN thd R6ftware

| nt er connectd on d her. network el ements are established 25 prior to the
event hap(goéfﬁgH 58.5%1@%f321|&? %?E&o eF acompppigatiansdpbnFegdbackiintomaptionnfs t he
oper at i onreRbived dron® Ghé MREFR! orf hidvus2cdfimbsi ' nEeations |1 nks
for wireless resource utili zact)i gn. niti a'@%@%éﬁes%ﬁwrg&?ﬁg%é%s{m

r esour ce -Higntfigationand determinpigomeiunutilived exadpiutilizewieldss reniedisct ed,

| ocgf ed or spgée% dat § and this data is input during an operation 18

fnto the 30 sortware ad oty SYRBBIS &iEsdess | feselee setiizatieR Bpbawdi on 2me t he
Wi rel ess ewshaitioneThvePothial (%6 Badel apPlaPRs§Sr %}‘Bﬁﬁé@@tﬁb@ﬁﬁ%ﬁ%&tﬁ?&' to")
links.. This anal ysis n% group the "fesource based on certarn Critérra. A
conmuni caPYVaryIpg sipplysienand rcensideratiorsamdiude: ajemilkifecond-abmind 260 Mini-

03/ 09223 / L1273 7 .7 slot, power. | ev or other resource, that is
"finitel ;1}“‘?“%5#‘.%?9& “ErekTRt %i?ﬁ% .hs?\‘ré’}%g',se?%d 3pBFQagh rensepanchelicsates 4,

t he know esgecgdiabel edtcdipodiytdehiaga@Gusii i L ] " ces
are sBar ed with ot her néeﬁ:il_)gh%tgr i_cng r'log@fsyi E%SQ#E% \%\%’%‘Eﬁ?’\é&%ﬁ;grg%hﬁé&%ﬁﬁjeabest
resodrce 1ebWeRk; #md, empergengies. a bWiithhihiny aprromenithaiced ot ohmstrolBowech wireless

~ negoti ati | ' ring.nodes in a network, the softstate adaptive
nodul e delfglgetﬁlrr#gnl)g ?nl&g{)gg%?i %Iﬁ&?g OWEeO‘\&Frr 8Pess rE[Jég JUPESPRRAC GFtphlisBeat
neet - t he dommkunicationr kil ahd rtrep¥RAThRmBERIY Wd shWBFE resource negotiation or

trading of resources with other users. The minutes-hours approach provides the ability to

.

borrow wireless resources from other users to temporarily meet demand. A clearing
20 mechanism is established in the network to enable enhanéed user data sharing and
( profiling ability in HLR/BLR and interconnected networks to allow movement of .
information over different frequencies. The days-weeks-months approach enables owners
of wireless resources to negotiate reuse of ‘wireless resources for special events, such as
conferences and conventions. Interconnection and other network elements are established
25  prior to the event happening.
Referring to FIGURE 3, there is shown a flow chart of the - operation of the
software of FIGURE 2 to establish communications links for wireless resource utilization. -
- Initially, the sofiware receives resource data from the environiment, for Aexample, sensed,
predicted, allocated or stored data, and this data is nput during an operation 18 into the
| 30 ‘software adaptive module 20. In the software operation 22, the Wireless resources are
analyzed for purposes of creating communication links,. This analysis may group the

resource based on certain criteria. A communication link may be a frequency band, time




l evel, QoS. Follow ng determ ning of the wrel ess resouft¢@ctbleerdddsl i ze to
establish a commnication link, the software in operation 28 transmts the
wirel ess resource information to the radio unit 16°for use in activating

t he unut i VP28@9881 underutilized 10 wirel ess resource as needagkot/pm@st ablish
a conmmunication link for a user to trdnsmt information. In operation 30
of .the softstate adaptive nodule 20, feedback information is received
regardi ng the effectiveness and efficiency of the comunications. In
operation he inforpation feedback .relafing.to previous comunications
is incor pcs)lrogttzpé)a’s N n?VSTPﬁS&%ﬁﬁeéPW?’stgﬁ rgf‘}tﬁlﬁ}’ youtilized ox rupderyilizedy Next, in

Wi rel ess sefwsreCéperdtion Z4at the t iR QA | boks. Reterring
- to FIGURE 4, th?e is illust ?gltﬁ)g%ec{gﬁe" ar (I:-?ﬂltglégtt ure?%dg?lt Pﬁ@e@%ﬂ%@a@%&
 adapt i ve HBaWICEs 20 gared @ifkEoBer Meighhvring pedes iesonctoesk i deenaineahedelty a

sensor 34 . r | l... frequency and.tinme_to identify available
resour ces‘eépé‘ﬁﬁgegﬁﬂ}%%}@f ¥ g%ﬁfﬂ’%é’?&"ﬁﬂ”@/a&% S t Passdr gy pegptiaons with
pr edi c§ or ndighbarinpuioiet irba heRERNGY sbfidiRe ADMNiodule @eﬁiﬁgﬁﬂ'@g{aﬁm 26

synt hesi z% 38.. The channel synthesizer 38 al so receives infor Ion-on the
wirel ess FESHUFIES resRireniiar Bibbastanecet das bnls criteriadidr ekample obdndenidthcpower

regardin ansgi i: . condjtiong such as obser.ved chappel QoS.
The. channsr ey JRHiLE MR Rlind 8Tkt 1Breles dhthufs &2 5EHES i rreG0% an
opt i mi zer cetfimtthizbtiarorinkpi thet @ftwiiré hin  BRAARP IS Gratithits H2 @H@ieésegé‘éoﬁl%é

a

i nput from.a pendi ng message queue 44." The optim zer 25 40 outputs
dedi cat ed %@Hﬁ?é&o@%ﬁé@aﬁmﬂﬂ fostusgoint pefivating dlorphetlized ar {indeutiivedd

5Si ' 50. .The..| - ahead i gnor 48
G 20 B o PHoRE rofide ! & thoedt 30 MelanBSF » S Mt i B R 5 1 SrBGR peak
demand, mefgagéon.y fresperatiord3 0l esthernaftstaBadagii® mode 8o 2RE@HR S ARA ond

responds by .outputting spegific tine/frequency observation requests for
future us’@.gelﬁfirpe(,gﬁ‘fdﬁ%fhe Heeneas sy pidicicnoy of $ Goumunieitions. dhopemation

t ransm ss3D R fathatioR Yedb R REl: ERts Lo the radi.o 16 transm
commands i ncl udi ng. _Irresseages, %ﬁgﬁﬁgp pﬁ%vﬂ%a mr’%?%mfl‘? k?dﬂ‘é%?{afeadv@ftﬁ?m
. power andanalfisfuloperation 22 119 BettarbdeteRN6 W34 G2R3de RETEMENS/ 2 /e 8
-The t.1(§rm "softstate".refers to the adaptive ability of the control system
to in |ua°é’“f-m‘r“%1?%’|°8 ions for communication nmeans (i.e. the channels

fo.r med from coRdMngoi BIGBRE 4, there is illustrated the architecture for the software

adaptive module 20 of FIGURE 3. The wireless resources are evaluated by a sensor 34

faurd

based on power level, frequency and fime to identify available resources or unavailable
resources. This data is trapsferred to a predictor 36 to output a frequency/time analysis to
20  a channel synthk_asizer 38. The channel synthesizer 38 also receives information on the
(’ wireless resource and environmental factors in addition to feedback regarding cﬁanging
- environmental conditions such as observed chamnel QoS. The channel éynthesizer 38
outputs channel frequencies and times to an optimizer 40 that communicates with
- neighboring units 42 and receives input from a pending message quene 44. The optimizer
25 40 outputs a dédicatedlrandomacceiss channel' list 46 that is coupled to a look-ahead
assignor 48 and a current channel assignor 50. The look-ahead assignor 48 also receives
data from the pending message queune 44 such as average/peak demand, message types,
‘and destinations.  The: look-ahead assignor 48 responds by outpﬁtting specific
time/frequency observatio_n requests for future use. The current channel assignor 50 also
30 receives observed transmission on an input channel and outputs to the radio 16 transmit
commands including. messages, channel bandwidih for frequency, waveform, power and
modulation,




till the final assignnments are nade. Feedback-oriented ¢®8ttoldr 20@ops are
included to provide for a- degree of control during adaptation. The

t echni ques that use Cognition (i.e. awareness 5 of spectrum hol es and
behavi or WO ©3/82233| es) and Softstate (i.e. the ability to mnyEsesn2717
communi cati ons. between holes that opeh and cl ose wi thout being fixed to
only one hole for the entire communications) will enable achi evenent of
dynam c spectrumutili zation The met hod of the present invention uses
spectrum OppOI‘LlJénltI6§ t.hat resent ed by _conmunication systens and

sensor syst ems LofdF M Softaly” dﬁ&F to 13g pdantivRabHHY of dhasontrob sysim o dndledeye,

Sof t st at e Fol DR | S
fol | owi ng Earts 1) Pr edi cti ona%l[(gJ aﬂggggt gﬂgec?&ﬂu%}ﬁ&ﬁg@fr%%scga{%gﬁﬂggﬂlggd and
characterti éld% Tanad assiginiings axevarade. eEsedbﬁclscpxwﬁedwmﬁ@hﬁupﬂ:re infclddee tdpsovidel Or

| abelin operati on tjive Synt hesi ng. the holes into

chapnel g d(? é’étf'qlgﬁnﬂ%?&?l J \ﬁ ﬁP?CEP’@ &bt ‘-@%%ﬁ%’é‘&ﬂ\ﬁm HWLSS

Opt i migat bpﬁgs’t&drrﬁﬁﬁlegrﬁiﬁnﬁelﬁkfw &e%ln%ﬁv &9”56%&%(& LN e éﬂ?ﬁ; bo’ fnove
use y Tep e

Softstate Optim-zation of channels to”be ping messages
and r esousREUNCENS ﬂ)@ﬂvﬂten holee tieih apenedndasiasic veithiolt hqmg ﬂﬁed% ohbsh1@ticlg firhe

channel s nmun cal l to changes in the
traffic o{hlger rew, “H 'u"meh((:‘?‘r‘ u‘ﬁgl) %D%Pr g‘ﬁﬁg% Mporﬁleby
novi ng I emeodesf e MRWent WEhH6S % phIME] ﬁltaso that (arg p%re?ented by

successful /f unsuccessf ul connunlcatlons The c Ination o
Cogni ti oncqmmﬁmp@:maystgmggm ganaersystemp suchas 3358 gnl$ dstebinitsranduadagd Wi r el ess

rce effici S.E i ncludes; _Two control |oops (fast
bna a6 or oV GoBRuE ST Suditon PP it aic neiro bl dbation consisis
adapt abi Imﬂthefdilloﬁmegslbmm dynam cs; Faster adaptation takes place during
Assi gnnment of holes to messages and the synthesis of channels (e.g

wher e nessageslafecdigiongf waised gpectrumcinled bmds:no$enpmbancbbha1m¢nzednﬁtil ons)

ol i minating. ¢ e gerapeii bF KReRteRe fhe s i BB TordBhating o bamtian dhu

prove probl emati Coglivelg actual transm ssions). 19 Cctober 2006 WO
03/ 09125231‘ PCT/?SSOS/ 12717

Synthesizing the holes into channels for communication purposes. This element
combined with the Optimization and Assignment elements below constitute the
Adaptive Sofistate.
) Optnmzatlon of channels to be used by mapping the messages and resources
_ required to the channel availability.
20 4)-Assigning the channels for communications.
( 5) Dynamically adapting to -changes in the traffic offered, the spectrum
‘ environment and the network conditions by moving resources to - new,
synthesized channels based on successful/unsuccessful communications.
The combination of Spectrum Cognition with Adaptive Sofistates can increase
‘25 spectrum and wireless resource efficiencies. This embodiment includes: '
* Two control loops (fast and slow) providing continuous -feedback for a higher '
degree of adaptability in spectrum dynamics. Faster adaptation takes place
- during Assignment of holes to messages and the synthesis of channels (eg., -
‘where messages are being lost due to collisions or poor chammel conditions)
. 30 ¢ while slower adaptation takes place at the Optimization stage (e.g., eliminating
‘the use of spectrum holes that appear to be acceptable but prove problematlc
during actual transmlssmns)




9 - The awareness (Cognition) of the spectrum environnmemd Oeanlser20@ | npact of
using radio resources and spectrumto increase the dynam c nature of the
system Operations to“rapidly utilize spectrum ané resources with m ni mum
over head Wa#d09238ency (Adaptive Sofistate). 5 Myve bet weegTaresiszym hol es
rapidly by providing nultiple mapping® of holes to resources and channel s,
and al |l owi ng assi gnnent of holes based on current conditions (Adaptive
Softstate). Referring to FIGURE 4, the Cognitive Softstate approach '
conprises two major blocks, The first part, predictor 36, determ nes

s Eect rum h o} ers] * pdspvmeneso(Cognition) efithe ap@rfénmmahemamtrmmmmﬁ@;pf ccf\u'siggd by
t he sensi ng/ char erl 71 | 4. The predictor 36 uses data about

the spectrumin ?%%lglr%ségﬂ[&gse%&%ﬁﬁ%ﬂ?o PSreﬁeetg? ‘?Jf"at"ﬁﬁ HBE’H%WS t&e Sfetm-spect r um
“hol es in the nearOfesitions to Fiyidlyimilcel dpecinfad 3nd E&ﬁéﬁrc@?%ﬂﬁﬁ]hﬂnuﬁi(%%éaﬁ the

spectrum awareness_ characteristics. The second part, the adaptor maps
predi cted spectr Rrsency (AdeptivgRofstated.our ces and conmuni cati on nmessages and

- adapt 5 as el enentyg,af 1,49 L&A 8Bie The adaptor 52 .uses. data

~ from the predict or 36 1o de grm nglglteégafsrzfggtBae??Y‘?F@HP%&p‘B@P@“@f&WS%ES to
nmessages Wi th optd mesounsaged ofiannaldj and liewing Qsigniient MR RbaSQEES clufent
mnimze wast age ofq’igot h..r.adi o ngources and spectrum resources while

ensuring that th&NEBMR(AdRRHYE - conpl eted within the right tinefrane

and QoS par anek gk SEIGURRI r ser-required .
per f or mance rreasul?glgqgulélh as bﬂﬁtthgﬁt?g raetggsf,%&g tgﬁ%%ﬁ&zﬁo H 510 TR0 and
| at enci eshlolise adip ofirsb2part, apredicioes B6nstétbmnihey spebeichy KRCrBis@i Nen

A s T T U
re- t r ansrirs&bion 36 udddidatal sboliahe E}Sé%ﬁ'uxlntiﬂ iﬁi?ﬁﬂgﬁ%ﬂoﬁn%g&@%&&ﬁ% f}%}-}% of to

resources bei ng depl oyed and re-depl oye I Ci

rel i abl e SPe¢HmRn helat inihs nea futmrenuThis s ealled oghitiop beeinse teRploite tRbpEAfn?5

best spec sa. The. rfaach is. co ehensive in that 1t will seek out

and expl oalk{a?éné3 gsec A “5@%8 rﬁt?rﬁef"?@sp%ngéf‘e BYT 59> BapPrEdisiadpedimbholahd

Sensor syswalid resbi@tc8S al @ mmhiBatRSHERhgds And ggagitg lﬁmegﬁto?lc.bﬁ.ﬁﬁmﬁnﬁl Ii]adar
apta 49

W || be used and adapted for conmuni catT ons. on I s enhance rough
the dge hangep. T plaptadiZaudes datauemribe tphalictqr 36 taldaterdine thetioer cffieitht O

d ion. ic ch in.th i t in the 30
commun o PR o RART Fu SRRR0 SR ot Rl o oS esaTHeiapiar aseks to
adapt at i anininsize hangid of bEhGhdid FesoRbsbs thh@ @gecﬁﬁaﬂreso&b&dﬁﬂﬂ@ BRLERD &6 Ble

assi gned users, severe channel fading) an
communications are completed within the right timeframe and QoS parameters. QoS in this

context refers to user-required performance measures such as bit error rates, channel

20  availability and latencies. The adaptor '52 is also responsible for quickly detemﬁ.tﬁhg

(" ' success/failure of communicated messages and changing strategies (in terms of frequency

bands, power levels, timeslots, codes, etc.) to “adapt” for re-transmissions. This is referred

to as Adaptive Sofistate-radio resources being deployed and re-deployed in the most

efficient manner for reliable communications, with multiple (soft) options considered for

25  best spectral use. The approach is comprehensive in that it will seek out and exploit

spectrum opportunities presented by both communication and sensor systems. Holes that

are present in TV signals, datalinks and radar will be used and adapted for communications.

Adaptation is enhanced through the use of 2 2-loop feedback sﬁuctﬁre that provides |

for better control and reaction to dynamic changes in the environment or in the

| 30 communications. One loop - the fast control loop, allows for quick adaptation to changing
spectrum conditions (e.g., sudden emergence of éssigned users, severe channel fading) and

better mapping of resources to spectrum holes. The other loop - the slow control Ioop, .




better mapping of resources to spectrum hol es. The ot het9 Oda@r20@6he sl ow
control |oop,, 19 Cctober 2006 WO 03/092231 PCTIUS03/12717 10
incorporates significant ¢hHanges in spectrum behavi or~ or resource

utilizati W @983kl oner pace (e.g., elinination of certaipri@oggihat are
~problematic, setting aside nore dedicated holes, using different

nodul ation techniques) to increase systemefficiency and keep it stable.
The conbi nation of Prediction and Adaptation functionality in the Cognitive
5 Softstate Approach is also referred to as the Dynam c Predictor Adaptor
(DPA) . ThEICORPHAtes fignifigant cppges ingspepioue belinviarr emyespyroe nitifizdtioast a slower

(frequenches, rats . : evel s t hat are un-used by the
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si gni f i cabeles, nisimgeditrdms hedulation REEAGREN 1! FRSse Issrstéﬁ%ﬁi_@iefa 464 T(Qﬂ} hat
sone userse@ gh,&, work .well with some interference, especially it the
i nt er f er effeRe] s e combinatien of Rradisfien and. Adaptation figroGDhlity yis t thersCoghitireDPA

enpl oy aghh@h@nehi 3 - |t [~ E to ecirum
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“into comusll wéhisomedhteniveinse, dSheniallyl if tias iteeforaict $€HeloR 2 Sériah fvell oBUlihi Pl €
ol esltot h?§ g@xet geertai n criteria (e.g., QS levels, etc.). The optim zer
10 deter ]R HEMest set of channels by | ooking at QoS | evel s, feedback

about previ ousrRODRA! §APbSs a il el P cgordi nation

W th nei ghbors. The qs.sygg%ﬁls 4%{0%%%{5%?2%%%38%%@%%%%& | PEGIWR  of

channel s -as&gpen and ytilizationadho architentre has twownajef Blotks Nmedibat BOHad &aaploR 9,
ary in the  adaptor 52 for

cr et | ng nahar eI RR DR R B GBIk shaacissss bgtes acpredic o
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transmit messages 25 that are corggg{ct an pg’c geﬁé%%ﬁs, asy%f’sésiggwss

Tr andfi s OPHFmiseEon 40 and assignment 48, SOhe  Met a- Access Transni ssi on net hod wil |
jon, between nodes in the network
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of single or multiple holes that meet certain criteria (e.g., QoS levels, efc.). The optimizer
40 detgrmjnes the best set of channels by looking at QoS levels, feedback about previous
20  attempts, external wireless conditions and coordination with neighbors. The assignors 48,
{ | 50 handles mapping the optimized set of chaunels to messages an& radio resources
(waveform, modulation, coding, etc.). The decision—making' process neceésary in the
adaptor 52 for creating channels from holes, mapping channels to messages and radio
resources is carried out using a multi-modet Decision-Making Layer. To transmit messagés
25 that are compact and packaged tightly, a Meta-Access Transmission method is ufilized. The
Meta-Access Transmission method will allow rapid exchange of message information
between nodes in the network with optimum usage of spectrum and radio resources. The -
total process is dynamic because. feedback is continuously used in c,;ombination with
7 environmental data from sensing-characterizing elements to decide how to use the
30 spectrum holes more efﬁciently. |
The hierarchical control structure within the adaptor 52 provides quick response to
changing commmmication needs while maintaining stability in the network. The slow
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The assignment of channels can take place independently or cooperatively with other
nodes. The optimizer 40 and assignors 48, 50 together look at the predicted spectrum

20 - environment data, wireless resources and the message queue to determine if the required

channels can be assigﬁed (ie., it sees some unused. channel capacity, few. messages with

good latency to transmit and not too much activity in the environment) or determine whether
sharing information with neighboring nodes is required. Based on this information, the node

may decide to transmit messages secure in the knowledge that it-has more than adequafe

25 channel capacity to meet message QoS requirement. This is an independent assignment.
This may be the case especially when the node first comes up in an mwronﬁent. If the
environmental conditions change (too many lost messages, increased activity, lower channel
capacity), the adaptor 52 will change parameters and will use feedback and information
exchange with neighbors. In this event, the node will use informatjon from its neighbors to

| 30 - allocate channels fairly (within any priority guidelines) and ensure that nodes in the network
* can have some opportunities to transmit. This is called coopemﬁve assignment. FIGURE 4
indicates (in the dashed, lightly shaded block), the Muli-User MAC (MUMAC)
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chann or_one hole per channe] (FIGJURE 5B). The opt’im Zer
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are unsucrhessf ul._or .aasi ghed users
: C a;mels compnsed of Cither two holes per channel or one hole per channel (FIGURE 5B).

The optimizer 40 loqks at the synthesized channels and determines that environmental
20  conditions will allow use of all six holes (FIGURE 5C). Four of the holes will be used ﬁrst
{ based on their characteristics and two will be used as fallback. Fallback channels ass_ist-in
adaptation - if communications on any of the first four are unsuccessful or aséigned- users
- appear, then it switches to the fallback channels. The assignor 48 maps the first message to
two holes and the second and third messages to the other two holes (FIGURE '5D) ‘
25 respectively. Transmission of messages one and two are successful, but message three is not
and thus the assignor adapts by successfully re-transmitting using one of the faﬂback
- channels (FIGURE 5E). At the conclusion of this routine, five channels have been used
successfully for commimication, During this period of time, there was oné assigned userin -
the spectrum enviromment seed by the node.
| 30 Assuming that over a 100 millisecond time period (four 25-millisecond frames),
there was only one and the same user in an assigned band in the environment and the

appliqué was able to repeatediy and successfully use five out of twenty holes in every 25
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' routine, it is determined that B&E, H, I are the best channels and should be used first
while C and K are random access (fallback) channels to be used, if necessary, to meet QoS
requirements. The other channels ate not satisfactory for use at this instant and are
20  discarded. The double borders and underlined letters in the boxes represent tﬁe optimiied
set of channels. ' .

FIGURE 5D illustrates assignment (second  Sofistate level). The DPA
communicates using B and E holes for the first message and then uses H for the second
message and I for the third message. No acknowledgement is received for the thifd

25  message sent on I, so C is used to re-send the message and the communication is
' successful. In this way, 5 of the 12 available holes have been used fo communicate
messages over a 25-millisecond timeframe,

FIGURE 5E illustrates feedback. Repeated failures of transmission on I are fed
back through the control loops and the hole I is excluded from consideration - the

30 future by the Synthesizer or the Optimizer, Success in using B, E, H and C allows them

to be used as a reliable channels (individually or in combination with other holes)

whenever they occur.
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Hence, at a particular location in space, differing power levels are present in the time-

frequency dimensions. Observations are divided into time bins that are classified as either
occupied or available according to some set of metrics (e.g., power level, duty cycle, etc)..

20  The observed energy is computed for each bin by scanning the defined channel bandwidth

' ( for the specified sampling period. This power level is compared with a specified power
level threshold and the entire observation bandwidih is classified as either “occupied” or
“available” for the sample duration. This: process represents the first procedure in
selecting holes that are then synthesized into channels for signal transmission.

25 Referring to FIGURE 6, the observed spectral usage that is sensed and characterized
is fed info the predictor 36 at point A, Then, classification of the observed specm holes is
carried out to determine if the behavior is deterministic, stochastic or mixed inl nature.
Based on the classification, the observed hole data is fed into the appropriate model type.
The model type enables specific parameters that more completely describe the -

30 - characteristics of the waveform (e.g., duty cycle, amplitude, efc.) to be extracted at point B

-and fed into a sequence estimator. The sequence estimator will predict the behavior of the

waveform for a given time interval in the future, based on past observations. The resulting .
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speci fied power | eveI t hreshol d and. the enti re observation bandwidth is
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. Fﬂter-based techniques where the spectrum availability time series is digitally

filtered to extract key parameters that can be used to predict future values. Slot

20 - or frame rates and sub-harmonics can match this model type well.
( : *- Time series prediction methods that have been used to successfully predict future
' values of complex tima series based on past observations, ' Complex TDMA

assigned slots can be tracked using this model type.

* Spectral techniques where information about the speciral shape and/or
25 - bandwidth is used to enhance prediction values and assess confidence regarding
the rate of change of spectrum availability. This is particularly useful where
spectral variations are better understood. TV channel spectra may be best
predicted using this technique (within some uncertainty limits). :
The performance of the predictor 36 will be based on the concept of classifying gap
30 prediction errors into “collisions” (i.e., non-existent gap predicted) and “missed
opportunities” (i.e., failure to predict available holes). Since the major objective is to

.‘ maximize spectrum use while minimizing impact to existing spectrum users, collisions and
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avai | abl e suchygs s bdadh Bl LA '(§—ﬁ)'i%?40 forms the core of the DPA. Referring. to
FIGURE 7, the key role of this component is packaging the predicted holes into channels

that can be used for communication purposes and then optimizing the channels as dedicated,
- random-access type or hybrids to dynamically meet the anticipated communication needs.
20 The optimizer 40 also decides on the type of negotiations - independent 'or cooperative fha’é
(r | needs to be done with neighbors in the network to obtain the best resource utilization.
Packaging of informatipn to be communicated is done using the Meta-Access Transmission
method while deciding what conditions required independent operation or cooperation with
. friendly users is done by the MUMAC (Multi-User MAC). The S-O 38,40 represents the
‘25 basic adaptation engine of the DPA.

The predictor 36 provides a list of holes, each identified by a specific frequency,
bandwidth, and measure of time. Thus, a.spectral hole could consist of a 10 Mz
Bandwidth in the 900 MHz spectrum (900 - 910 MH?) that is unused for 10 milliseconds
and occupied for the other 90 milliseconds by assigued users in a 100 millisecond

30 timeframe. The time measures vary from purely deterministic (e.g., specific start time and
duration of next hole) to purely random (e.g., expected rate of occurrence 6f holés, expected

shortest duration of a hole). Hybrids provide intermediate options (e.g., specific start times




mul ti ple nodel types wll be needed to characterize sped®awwbg@pibehavi or.
As nmore channel information becones avail able, only specific types of
nodel s need to be used to -allow for faster convergence to the right
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and . .
_ ' Commumqauons channels are comprised of specific combinations of these holes at specific

times. Various approaches to synthesizing channels may be appropriate. At the simplest,
each individual hole, f, is taken as a channel, and availability is as predicted. This is
20°  clearly the simplest set of demswn logic applicable to this function. However, it is ofcen
more efficient for throughput purposes to assign multiple holes. Therefore, the next level of

complex1ty will consider combinations of two or more of the holes (ﬁ,) but comcldent in
time. Furthermore each f;isa member of j leSt one set. Specific channel avallablhty is then

determined by the simple combination of the £, in the set (Equation 1):

5 | FO=][/0. (1)

i=] -
Better use of the spectrum is achieved by considering multiple combinations of the
* f;, and using temporal offsets. Thus, f,, could be used for the first 12 ps of a channel,
followed by f, for some period, etc. Furthermore, consider using f, in combination with a

number of other _items non-exclusively, deferring until a later time the decision as to which




apriori and/or observed environnental factors are used 01®Osipheri2885 ze |ists
~of usable channels. Furthernore, the synthesizer 38 nust adapt to QoS
needs and observations obtained through feedback on various channels. An
al | ocat edVOWaMhMEE1 on whi ch no successful transm ssions 10 peamuNe3@¥gs Sone
successive nunber of tries is deletedi¥romcurrent use. A hole not in the
‘channel allocation list is not used. An efficient approach to configure the
avai |l abl e and predicted holes into channels exam nes the characteristics
of each hol e, and determines its capabilities. Based on the hole.
char act er "¢ I5@ptnwie Bhis mgre igppasalapprogclnbtingstie cgmbinasutial sémplekignoaichicke be
used in t-'%en&z'i_ﬂ -ﬂw%grocess. The process is outlined bel ow
%eotputs S ! (t).

Designate-t equence of holes) fromthe predictor as fl..,,

- Communi cat i ons Thoapriediger aftemataind & it of cERASK ﬁﬁ’%?a' b i@i]ﬁ]ﬁp

hol es at sFeci f(ic Sbi mes. Various approaches tq(gn;nt es(lﬁgilhng C a{’\rnge%ag%fm
be appr opPtedicted hqles) for usp by thaxadio. dhetprinreay fingtion ofibk @ptifnides isttakasur@than
channek, ' id Lty J dicted., This is clearly the sinplest
et o e SqratAnadile okedaal? (P HEUFHES: BRI ek et chamsiy bn -t
mor e ef f i dedicated, sandohr-aucgdsparthybHbhasesn QOS ASHHME Pt ik hether LARLET OF €,
- the next er el ]j)f .cogfpl exity will consider conbinations of two or nore of

the hol es Pﬁ?ry? opRfioncf Sherralhby the ontimiger rEdioeh lcabimedalp Qo Hecause of pamiehber
of just OR8nsiksi bt L i LIt S fhen determ ned by the
si npl e conbi natsiloc_)n??)gf(a bliehgu ?@%ﬁﬁsﬁig@g&eﬁgﬂug‘ﬁ% ﬁﬁtlc)ago’égf é‘%ggateﬁ "?‘9‘?9315( t)
(1) e>i wHbresolt ndevafoverndl sysent Qof disceadih®ies iy caRmidge isﬁlgﬂfmégligg) e
conbi tion(i f.the f ., and using tenporal offsets. Thus, fl, could used
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_ channel s Si¥ficient detail. Hence, real-time global optimization of channel {(bole) usage would be

computationally foo complex and time consuming to attempt. The primary objective of the

overall coim'ol, and of the optimizer 40, is achieving QoS in message delivery as determined

by message latency parameters. The geal is to achieve this while maintaining efficient use

20 | of available bandwidth, and allowing for some gradual degradation in pe_rformance as
( _' demand reaches and exceeds overall capacity. ' |

| _ Basic operation of the optimizer 40 is to dynamically adjust the requested dedicated

channel capacity, nD and is exemplified by the e{iuation in FIGURE 8 (De&icated Channel

7 Demand box). Here, the demand is dynamically edjusted based upon mean fate of messaée

25 | entry into the queue over some period of time, and augmented by the message backlog in the

queue. The optimizer 40 then determines a set of channels that in aggregate will meet this

capacity. Based on the channel characteristics and other factors, a channel can be a

- dedicated (i.e., use first for transmission) or a random-access (i.e. use only if necessary).

This determination of dedicated vs. random access is done independently or can include

30  information from neighboring nodes - cooperatively. Lots of holes and few messages would

allow independent operation by each node without the additional overhead of cooperation,




dedi cat ed, random access or hybrid base on QoS constrai N®Octopar00thi st ory
and other criteria. Under-allocation of channels by the optim zer reduces
| ocal (nodal) QoS because of partial transm ssions or deletion of nessages
due to tiWedMINN228Ver-all ocati on of dedi cated channels wi lpcrgasridzir n | ower
overal | system QoS since all nodes may communi cate sinultaneously 10 and
collisions. will increase. Referring to FIGURE 8, there is illustrated the
cl osed | oop approach used by the optinm zer 40 to categorize synthesized
channel s inf; gifferent types. The approach relies on several associated
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e
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geterm’ nesnifinged uRiessBRMgd)s that in aggregate will neet this capacity.
Based on the channel characteristics and other factors, a channel can be a

dedi cat ed (i .eThe MetaAcesss fErensurissianinesioin s e th ?h@%geaﬁﬁ’&%ﬁti()h-@ use
only if nﬁgeg%g&lr’yaa . hi s 1d.etqer rq'é.nat ion of dedicated vs.  random acc égs" S
done i ndepandent 15 B E@H‘ﬁei NHARom (e hebfestitehn and rafhisienslyy hidor pary ofiditiiss -
cooper at | wghyniskel, Snfobmihlie Bk thd EWIESSACRS, YOl fla Al Loy d ndependent
operation by each node w thout the a |t|%%§'g"\(l)%rn%%15&‘@ﬁg@0 FRISEEC 19
Cct ob®? 2008k, &) OBy(saded RONE UBESIeE Atk ThEs withlldy TRME bvaRtRSnGHIsShE
necessita e _of operati.ve jnformation sharing between
nei ghbor SBI?%&% g@eux%gg? gli tP r}'&ag &Engﬁn‘%ﬁ Phicaing. help Sufiigeschelinbing otduse timeaindi ng
over head m;macesf eeded dot feelbsR oAl Mkoliatids QR fibilors $94 Y08k vation of
radio resources and channel holes, but is done only when environmental conditions require
cooperative channel assignments.

20 The method of the present invention allows information transmission to a&apt
( dynan?ically and also be able to match the best componeﬁt protocol for the current
waveform, which may include SDMA, DDMA, CSMA, TDMA, BAMA and CDMA or
other protocols. FIGURE 9 iflustrates a sample frame for the Meta-Access Method of
transmitting information. The scheme allows the use of both allocation and contentién
25  methods in deciding how to best transmit the information,

The Meta-Access method can use dedicated or random access channels for
transmission purposes. Built into the protocol are access delay bounds and provisions to
prevent instability. This allows for greater spatial bandwidth reuse. The performance of this
method is directly dependent on the number of mobile nodes in the network. The protocol -

.30 . will decide on whether to use broadcast or unicast transmissions based on different criteria

- such as available channels, previous successeé!fajlures, message traffic, QoS levels, latency,




smart channel allocation and sel ection techni ques that wWectober 2806

i ndependent node or with S5 little overhead, are preferred. In the case of

i ndependent assignnent of channels to resources and nessages, a_ condition
~can ari seM82¥4%82Hode having nultiple channels with the sapergsossifs ar
characteristics to choose fromto com#ni cate and resources could be used
trying to determne the best of these channels. The process of choosing
the channels optinmally can be 10 designed to randomy sel ect al nost equally

good channgl.s -ﬁ@% dd inertial effects to C mnimze usel ess changes).
The Met a- Agég'ess r‘a)t%s Fr'il@gftothr S@‘Prﬂ?amrtg-my@@ndomﬁa@mgerafﬁﬁ or srahified nfemer |
messages, il Be pabafhed méthbpr mation, etc.) effectively and efficiently. As
part of this transm ssion, information about the environnent (e.g.,

channel s avai | aBbe 2bilife ) corsstpgmpradnteunanel podsibtiBiesd §1iRHY L6uhRinidfons
nmessage dafgy u&{“ﬂ? g@?%lﬁoy&gm& overhead in terns of alerting the
recei ver to what the sy © feebaet ey, coprifipelynsdagt wr echedile duhilen dneludickice

- time arkd coepontice exclenge df kéHedhiReRRARK neqgpt i at i ons..bet ween, nei ghbors
and conseryation of . radi o resources angglgl%gﬁll’ngﬁwﬂg%?,Wﬂﬁg’r?cgyd’é?ﬂ@cgme’y
when envir P of asrarivias wellae thei use of psomessfor VemmiARARIASSI gnment s. ~ 20

The met hod of t ' ion all.ows information transm ssion to
adapt = dynami ca?%ﬁﬂgl%?%;ﬁgy%i?gbﬁ?‘ﬁwﬂﬁ lﬁﬁt@%%@%erd\dﬁﬁosmmmmmul
for the culloenthe adaptef 62 dwiingBalPYedi %%,]I]PDEM : T AVA
and CDVA or, other_protocols. FI_C%I%Ee 55&? Wﬁ?ra es acaea?ﬂf@wefﬁgggf%r%?he
Met a- Acced§M¥Ehod 1§t optithiams# twillnkpoknatodifferénd rfactdfiesiBh @ MeheA bh ARG ldAg US e
f boyb alchRgigibho Ryifdid i 25 methods jn deciding howto best
([Or ansmit the i nifiér S 8%%9{]:%& Wg]%-eﬁ@%%%eq‘?é? serde afnit Qg@gdﬁdﬁocan@dwad to
random ac gegatiathmithelefghboring hé@RE FEFENE Bh 1t inta the protocol
are access %Iﬁ%%i bounds and provi g%agnsgt oﬁﬂ{g?g%%% E‘ﬁ%?fﬁ?‘fqi fXP"]‘ﬁ‘% U3 | ows
for great &P i 2 SHRReRR aad Hooplipleepostible pharatsraine ephizbN s wilEBAGEk kS
directly ¢apsngeithrRi; of .mohi,l e nodes in the network. The
prot ocol 30 Wéclbl g]ggciﬁldotélhtgnzm 0 Poflg “GQ’@“BHB‘&‘&@&%’NO@MW%SE this method
~ transni ssbusescdsasut! thn ediitdneredll @hiliRh Thas hpRl § channel s,
previ p4s %ccesse éf ailures, nessage traffi cé@gg)%?¥:eé§+lé?l%? gbteeﬁ’egfeﬁﬂghe
Oct ober 2806 ZWj'g sbimue i folgw tigs pathy Mhis @il result in efficient use of resources and
spee:.:h'um. This mode is identified as ndependent operation. In independent mode, the
dedicated access holes will be the ones used first used for commumications and then the
random access holes.

As environmental conditions change (e.g., hole density start to decrease or failures to
20. communicate and re-transmit requests increase), the optimizer 40 will start coordinafing
with neighboring nodes. It will do this in two ways - semi-cooperative and ﬂﬂly;cooperative |
modes. In the former case, the optimizer will append spectrum hole information seen in its
local cooperative environment to messages being transmitted. The optimizer may also
request some information to be sent back fiom the receiver as part of an acknowledgement.
25 This low overhead method of exchanging information will allow the optimizer 40 to
understand the conditions in other parts of the network and make better decisions regarding .
the use of spectrum holes and wireless resources for communications. In this mode, the
.optimizer may decide to use only portions of its dedicated access holes and allow other.
- nodes to use some of them, .It may also decide to increase the usage of random-access holes
30  todecrease latencies in the network. :
The optimizer 40 will switch to a fully-cooperative mode when a significantly
decreasing availability of holes is observed. In this mode, local knowledge of spectrum




etc. Therefore, support for both point-to-point and nul 19 Opobert20td affic in
a unified manner wll be part of this method. The ability to correctly
represent the channel possibilities, initiate conmunications and use the
per f or man¥@ BEEPBhck to cognitively select a schedul e whi lpeTiusobmurgriing a 5
cooperati ve exchange of schedul e i nfoEtation with other nodes will directly
I npact the throughput of the radio as well as the use of resources for
comuni cations. Referring to FIGURE 10, there is illustrated a multi-user

MAC structyre that. WLl —allow the adaptor 52 to dynam cally decide how to
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envi ronment al - condi ti ons czan%e_ S| 6V§Am§§gnougﬁg?%§%g&%§g%%§sdg (iI‘E‘%rell“Smdes
opti m zer RAVF beatrrmmleed.ithe pollisiow protiabiliatvould Beiveryow. Cemfltusé Bf RhibgL ent

use of re ctrum This node |s, identified as independent
oper at i on.Sa% ﬁg?%%fgp%gﬂd%ﬁ&%&@?e CHECceY 8 Pﬁﬁ%ﬁ’@ﬂ apd consequentcwastp of resourche
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As environnental conditions change (e.qg., h% e densi b decrease or
failures to 20ofRtmzeade Wil vse-the MeiniAccessomethibd dBCHRAB @) debile how
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its local, c o}gerative envi ronment to nessages being tran
opt i ni zer ltr?ﬁ@l Tt the Vet fceasprmethordomaet itw padkagdiafarantioh acklyf dokpléd Wat

recei ver Sehaddd v i -Ipﬁtllﬁpg daenent . 25 .This | ow overhead net hod of
exchangi ng !enforrratilggnvm ‘g@g?&’rﬁmﬁqaﬂp%r 40 to understand the
conditions in Thhemuyiusa MMAChestRehVOT ilRNhpPBK ! tlﬁﬁcagﬁcénﬁl.%ﬁti—cast
-regar?#ng t he use of @gectrum haol es and wirel ess resources for

communt cafPBERcRipnsy e fyghange od infopmation e bothaBroddaistiend Unitast medey will

portions Bt ehdoBedRA BERS and all t her, .nodes to, use_ sone
of them It nay z_ilﬁgdo&%&e%igsgg&to |tr1£(i:]lfo"!ea lées"t“ﬁse”&@g%gaﬁsmlgﬁﬁ%ﬂpms Wéthes
30 to decrespeséld tinefiriqesncynpdvhe mebwﬁamﬂa@rsogrbmcaﬁw%e%f;d ﬁ%ﬁh%l Lo a
fuIIy-coogerfat{i)ve rmdte when a significantly decreasing avai agl Ity of

hol es i s BDSerVEHHICA1qNs; &e fagrured) fu pan siheerle whils paiastumwill be used to

support rapid, low overhead point-to-point communications.

20 Referring again to FIGURE 4, the assignors 48, 50 has two primary functions: )
{. - | matching channels with messages, and 2) determining the specific waveform parameters to
‘be used for each transmission, Again, the Decision-Making structure is used to determine
the best matching and mapping possibilitics. The assignors 48, 50 seck to solve the
following challenges: ,
25 1) The channels are overlapping in both time and frequency.
2) Channel selection involves continnous listening (sniffing and feedback) to
identify changing channel conditions. ‘ .
3) Channels selected for use may offer less than the expected QoS due to a number
of temporal factors including simultaneous usage by adjacent nodes and possible
30 interference from non-cooperating devices. Channel combinations will be used

to provide the best possible QoS under heavy environment Ioadj‘ng condifions.




19 Cctober 2006 WO 03/092231 PCT/US03/12717 21 hol es andctobértzesd i ons to
transmt" will be sent to-the neighbor nodes and information sent back by
nei ghbor nodes woul d be used to -deternmine a fair shari'ng of spectrum hol es.
This excWH§OB1spectrum hole information will allow eaarcTmsie/tnar

det erm ne which holes should be dedi @ted and which should be

random access for each one. In this node, 5 dedicated holes are always used
first, since allotment of dedicated holes to different nodes have been

conpl eted, the |{isiqn babi | i uld be very |Iow. Careful use of
‘random access ﬁ@‘?*@‘%&%&‘}‘eﬁ F(nggmﬁé&cwﬂt%ﬂtbfpﬂimﬁzammesmgemwent
waste of risehuseR avwwlalld iPeeYexhRk R nodes eci de to use
t hem si nul t aneously. The optim Zer %%&o @%&‘%@%@?%ﬁ%@gmeﬁ%m .
descri bed ¥t ¥ peiEequired to acosuipishub sumedshil cbmmitindsatisho Thit RgppRACK 3GRSkW t h

ot her nessage, | tion,.in,the senm - cooperative node. Howevér, when the

optimi zer Cﬁ%@%@%g@ 2p Sripal mapping is,af AlwayS RecResary. Inj gengyal thedtamemissient he

Met a- Adceschanmdlhad stovhagtic, k6md ARLAZE o B el noles that it

sees and how it will utilize them gor aig{)%%um clg'?}’g%is:anéf’ﬁg&ﬂﬂ?ag%lﬂgﬁ?owf&c

st r uct ur e TAFISHESS GYGIHVReYas thinfrane of iatedeshuThik tamasive Iﬂ@pﬁfgm&m@%@ﬁﬁm The
o be

exchange i han _i.n_bot h-Broadcast. and Uni cast nodes wil |

encoded | E@vg H(%g?rpé@tgg}s-gée}g g?'rsmg?cﬁﬁﬁﬁanpg'ﬁf’ Wiqrest wiesg frensmassianpapahiikissanust

oppor t uni theesenséd, handr es@etie besrill TEy Phf RSN CGhd L ?é]gcn%}lhs r&tﬁggr%ng%er S.
e r

Broadcast wi ||l Qhe used when nmulti- poOint comunicatirons are r
sparse net%?ﬂh?()ée,- whil e unicast will be used to support.rapid, |ow overhead

0i nt 4hHo- poi nt rmmi ' .20 Referring again to FIGURE 4, the
‘gssi gr%gr s ag oo tgm%}égrgﬁgrrsa Pt gﬂ’d’t{bﬁr@. er ‘{ba%hﬁlﬁ@lmkamh&%nwaage
Tessages, quaub £ anbtreates Bum@pinbornReaithd Coifabatn AARAIPLE! Sl GaeDorits e

for each transm ssi %ai n, the Decision-Mking structure

s 71 e SARBLES it by oo s (esranmaco 4.
over | appi (ri%e%i r%%ﬁd‘hﬁ%aﬁ%g&?% P@é"%‘%@%&@‘?ﬁ'ﬁ% B -PIBS@P%&S‘?SM 'ﬁ’hﬁy]éﬁﬁreﬁm
ganimpillyantptito ubagmdy
adj acent  pedRenRHA RBASHELS such as absence of 2 predicted channel, repeated failures. to
fransmit, re-transmit requests, etc. By providing a larger set of possibilities to utilize,

adaptive ability as well as the sofistate flexibility of the assignor-radio is enhanced

significantly. This technique provides increased efficiency in the dynamic utilization of
20 spectrum. |

{ ‘ ‘ ' The LAA 48 constantly re-calculates the number of channels needed to meet the

requirements of the message queue. This way it determines very rapidly if the messages are

queuing up too fast and it needs to alert the optimizer 40 to change the partitioning'structure

of dedicated vs. random access holes through negotiation with neighboring nodes. The

25 number of channels needed for a given message queue size can be estimated by equation 3:

k Zﬂ];?z
NE=2 Y S '
o=
2(_17'101 TPy == Py Xl o - p, = P) @

where Ngis the number of messages in the message queue of priority class &, A, is the

arrival rate qf messages of priority class £, X' is the average second momént of service
time for processing requests of class %, and Py is the system utilization for priority class %.

30  The underlying assumption here is that assignment process is non-preemptive. Let C denote _




30 interference from non-cooperating devices. Channel coficteaéi2006 will be
~used to provide the best possible QS under heavy environnment | oading
conditions, 19 Oct ober ‘2006 WD 03/ 092231 PCT/ US03/ 12717 22 The Look- Ahead
Assi gnor WE&A‘)" maps the current set of prioritized nes®agasos/ 2711 he
channel s available in the next one or2two 20 nillisecond frames and the
radi o resources that may be required to acconplish a successful

communi cation. This mapping is tentative in nature and so an opti mal

mappi ng i general the transm ssion 5 channels are
stochasti c, g’%ﬂé‘%& 8@@“’% ﬁ?‘%ﬂ‘&ﬂéh% 48 3s provider byl thetaptinzzerhinghlet

priority AMBsIR0Sk oFale MbdshYEqRUS bs & gg i,nterest. This tentative .
mapping is used to determ n%éathosi é}ﬁ-lgzei%g ?%a#a - one: specific channel s

of interest where transm ssion capabll 5 nmust be sensed, and two: the
overall RF paraneters and channel s¥ s if6n strat egy to be enpldgkd. 10
The LAA 48 receives input fromthe opt i“i zer 40 and al so | ooks at the
nmessage queue Phénasxdosig @A(ES AL, TRRPHIIN 8l | annel s
and negsages.. This nmapping nay be one- Itlo oﬁgﬁg a%%ggg%ocﬁ}ea% éc)“,
many- td- o %fe(1§éhﬁéleé¢h r@hﬁmrenegmt@sra éedlcvmismgm)dmdhmely -Thahéerevsnt (Celayi B e

channel s sages | att.er, two. cases are of specia
i nt er est because pﬁdg&% ?4‘?@ (Wﬂgl%ﬁppgnﬁ’cﬂr&@tkﬁﬁléé}}%afedlaﬁ‘émlb@meﬂ)he 15
LAA 48 f unmyimnse ssspnsdizechhad 4 he &Ufz{csf&ce%ﬁa%%ﬁ ‘A r&?ﬂ éﬁ%dapt

t o changi environment al _conditions such as Sence ‘o
3@5@ et e lowavEL rthes DPA architeturictallows-ttming Sifithe pﬁﬁﬂﬁf‘dréi sucht hat ﬁ)é

rovidin b|||testout|I|ze adatlveablllt
@el | as ?%e so gg{)gta%&JP ﬁ%m bi cﬁ?gg qnﬁélleag?Fsé‘ﬁ%ﬂ“?‘J&d‘faé besn%ﬂiﬁ?a
signifa Catutﬂng is BHchievéd dhanighube [P0 \thl @fovw REIBRR S &f&lhtcérs gﬂfﬁ[ %yrflam ¢
utilizati of . 20 spectrum The LAA 48 const ant?

number of CeRgFHHRITRe ?@Eﬂéﬁe@té‘nﬁé@ﬂsﬁm@ﬁmﬂm iané npm:nﬁzamﬂn dﬂmham’eiiss age queue.

Thi it d | t
fast and 1t noodortoray uelte] BB G niinel i WS REHT AL reremsar el PHicRD
struct ur eby tfe ciebinicat 4@ mest coralidSIR aﬁ@@s ROLES ’I%r]ﬁ%%éiﬁtg&hfea{s' Aikiph LD

‘nei ghborl ng 0900631 The 25 nunber. of channel s needed for a given nessSage

queue- si Zeél B 0&-@%‘&@‘5‘}0@%% tptph clgnnelg in different pools, where each pool is
15  targeted for a specific application, e.g., delay tolerant or delay intolerant application.

Referring to FIGURE 11, there is illustrated an algorithm for LAA architecture. The
al gorithm performs the following steps:

channel ,

* Look at message queue to pick the ri ghf message.
* ~ Matching of channels assigned to messages Request more channels from
( 20 Optimizer if needed. _
'+ Suitability of a channel C(k) to message M(k).
I a good match is found, then the channel and message are tagged. If the match
is not very good, then along with the tagging, a ranking is provided. |
~*  The channel-message mappings are sent to the CA.
25 * The LAA list structure is updated with the mapping sets that went io the CA.
- The Current Channel Assigner (CA) 50 provides the final mapping of messages to
radio resources such that the overall system objectives are best met or approximated. The
CA 50 computes the optimum parameters given the current message buffer and all possible - -
holes that can be the next used. The goal of the channe] assigner within the DPA

30 .archltecture is that it should maximize the number of satisfied users within the avaﬂable
radio bandwidth,




k X NQk 2(1-pi -P2 -..,-pk-1)(1-Pt -P2 -...-Pk) (3) wWhErebM00& t he
- nunber of nessages in the nessage queue of priority class k, Xk is the
arrival r‘géz) \% messages of priority class k, X2ks the average second
nonent of PR tine for pr ocessi ng requests of class RCTABE3/R7K7 i s the
systemutilization for priority class® 30 The underlying assunption here
is that assignnment process is non-preenptive. Let C denote 19 COct ober 2006
WO 03/ 092231 PCT/ US03/ 12717 23 the total nunber of avail able channels to
and et Moe the size of the

the LAA 48 as i by t.he opntim zer, )

nessage queue gfslﬁ édlé%e ﬁjgd%ﬂ Seﬁ@’ﬂ“g}ﬁ with {ratfigORE) reqyirerrents and uistofigsazo CM
there w | Iprionitide Srapintigsicl, Ghenne i 5 here i hat _each
‘message requires a dedilcat ed or ﬁ%ggﬁyctﬁ%%%q&%rﬁ{etﬁg %%??F u&abjﬁ/%" uly i | |

be |ikel y FHER esyHecsta g dgasmission heddswipihic oxirdryte, 8om@pToss 38 hiny bR AR At har d

to be net),, .aned. a.channel. af all or face excessive del ays,
and as a reeé?g%‘%b%%r%gd&g?%pgeo L aption jsdetspled v laree dififerenae besween

t uni ngSof cnirentpdedamzdecapaditic And bath bh®aced o & oppi f a
message fron}ah&e rrﬁzgsa{ge qttﬁue can be arﬁenél%p e &%?ngif 1%%%%?%8“%3"%@ eved
‘t hrough t &% the Jpvel bgpnteal wlladiusbopmotdasing dreadeliontadshdle addighinést, Ofhe
changes i RohbRadlVéf BHTE Lust the synthesis and optim zation of
channel s. b&f Eﬁ%dﬁ% ass%pn%@fgﬂggét Eénggﬁ‘f‘fﬁ P lpan contpd (-g.al ser) aravidesrdom
access) p napchbtwbgn optanizpig 03 &ind 421158 ' I S |levels. The
DPA archi-tegtur(? i s flexi blmegl anough to a I%ﬁ?ﬁ%ﬁ%mécg%gr i |0?‘?F?f§%8fant ot al
channel s RGP BY&59°%00l s, where each pool is 15 targeted for a specific

pplig@tion, eTge bagiChiddi reflel ay intolerant application.
Referring to Fl GURE 11,g ¥ erg{rﬁﬂs‘lép %s?’?ﬁi{%ﬁqé"nfa&g PRIEH megsageaseceived

~archi t ect épa. iHeAAa#gand tiharchar foothigBpdih e ki %e’FePs? Resonrcks g@{a\?etfon”r? ssage
T B R ol G oot st oreod o |

of a chanpglo fo(tansin® MEBAIEn M hssigned channel If the communication does not take

place, due to several possible reasons, e.g., RF characteristics of channel got ch?mged, a

- 15 'ptedicted channel did not became available, quality of channel got deteriorated, etc. then CA.
S0 determines if there are other alternate channels that can mest the message QoS
_reqqirements without timing out. If it can, then reassignment of a channel takes place and

the lists in the CA and LAA are updated. Pailing that possibility, the message is dropped

from the queue. The synthesizer 38, optimizer 40 and LAA 48 are alerted of this event(s),

20  so that alterations can be ‘made in the channel makenp and assignment for ﬁlfure

¢ communication attempts. :

Referring again to FIGURE 1, the network for dynamic wireless resource
utilization includes open interfaces enabling sharing of resources. In addition, the network
has billing and authentication capabilities and a shared database,

25 For modeling use of wireless resources, a predetermined knowledge of existing
resource usage on a location and time basis is required, Information is also required on
frequency, spatial, and temporal dependencies to model the trading and allocation of

- wireless resources using existing systems.

The wireless terminals 10 may be adaptive radios capable of handling large

| 30 - bandwidths and multiple protocols. - The network has the ability to assign resources on a
. -demand basis utilizing. radios capable of handling different protocols and providing a
clearinghouse for shared databases. ' - '




|f a good match is found, then the channel and nessage a¥ddabgrRd@s | f t he
match is not very good,;. then along with the tagging, a ranking is

provi ded. ﬁ@gmggﬁnnelfnessage mappi ngs are sent to the CA. 25 The LAA
list strudf S updated with the mapping sets that went Rax/wses/1€A7 The
Current Channel Assigner (CA) 50 providdes the final nmapping. of messages to
radi o resources such that the overall system objectives are best net or
approxi mated. The CA 50 conputes the optinmum paraneters given the current

message buffer | _possibl.e holes that can be the next used. The goa
of the channel %gg?%%‘efl feﬁ‘ieﬂ TR dppontef Hiec Hiverldan hes beert itstrated sinothed

maxi i ze tdveompaidng dfavaabd Sid r:s M Ehin vai.l ahl e . rad

bandwi dt h. 19 rcinct obgé_r _200% _v%%%%z@ﬁé E@?E%@ggf%ﬁh‘?n EWﬂ#hFé’ﬂ stogd

wor ks ef f i Bitethe [gvepitom is ol linkiedo She e dimert discRiRed, e 5 éa?ﬂﬁ@ of Qumerqus

prioritiz . .581.010... G- .l ess capacjty than demand, the CA may be

unabl e toer1g éariiﬁé%meg%sﬂ%gﬂ A (r%éégé}}ogég?i’ﬂ%%’q ¢lemenlyivEhoyh depsetineg from theepirit

extreme, sdihee meestiges may be left in the nessage buffer and will tine

out. This condition is detected by a large difference between 5 current

dedi cated capacity and both average and peak demand. As spectrum becones

- available, the Level | control wll adjust by increasing the dedicated hole
assignnent. The conbination of fast [oop control (e.g., 10 ns) and sl ow

| oop control (e.g., | see) provides a bal ance between optim zing QS and
satisfying the process to provide fair access to all nodes and nmessages.

10 The basic algorithmfor the CA 50 exam nes the tagged pairs of nessages
eceived fromthe LAA 48 and matches to the pair the required wreless
esources (waveform nodul ation, coding, etc.) to conplete a successful
comuni cations. It then requests the radio to transmt the data on the

assi gned channel. |If the comunication does not take place, due to several
possi bl e reasons, e.g., RF characteristics of channel got changed, a 15
predi cted channel did not becane avail able, quality of channel got
deteriorated, etc. then CA 50 determines if there are other alternate
channel s that can neet the nmessage QoS requirenents without timng out. If

it can, then reassignnent of a channel takes place and the lists in the CA
and LAA are updated. Failing that possibility, the nmessage is dropped from .
the queue. The synthesizer 38, optimzer 40 and LAA 48 are alerted of this
event (s), -




20 so that alterations can be nade in the channel nmakeupg asdb@&sBdgnnent for
future comunication attenpts. Ref eﬁéi ng again to FIGURE 1, the network
for dynamic wireless resource wutiliZzation includes open interfaces

enabl i ng sharing of resources. In addition, the network has billing and
authentigﬁéigg capabilities and a shared database. 25 For nodeling use of
W rel ess rces, a predeterm ned know edge of existing resource usage

on a location and time basis is required. Information is also required on

frequency, spatjal, and tenporal dependencies to nodel the trading and
al | gcat i )c/)n O]E) T "%\Pﬁ‘f’@g‘g dﬂ@%ﬁr@%ﬁﬁ?ﬁ?@"@?‘g@%: esvaler comprisior gl ess

term nals ddhsimay niiuRdapéiavR t@dhesitc?aped| @ Mlord)afifdlds’d compiRicaliéh
e protocols. The network has the ability to assign

bandwi dt hs and nulti pl ,

amour o aa et T et Rl B PG iPa (R0 e 4881 o of handl i ng 1 or ent
protocol s anda prédittibinngodule Cdpddbie) Olking ehd Qﬁreléb@rc@ﬁmdﬁﬁ@lﬂaﬁ&éso%éb Cct ober
2006 WO, 03/092231. PCT/ US03/ 12717 25 Althﬁégg(ﬁﬁgreferred enbaodi nent of

the i nvetdPol? RELIchd OFRITEaET &f Q9% 9 PRES Ry 1O B Jeneand

descri begkrioast & Rolt @or@AsIAG ad@ftdssiontnunitdtionobbortity heeasHoertkd Wikt t he
i nvention i s not I'bm't d.to the enbodi nents di sclosed, but is capabl e of

" nuner ous?™ EXFINEh G S I MiIcRo ANG | aNPEH YTEIESS FerEnuligatian JREAHIEESH t hout

depart i ngssignetn &@eorﬁd)}diri tnaoré ffst t bgerb lmsertéring@rari@ hQainlte)btef @M@ssh%
CLAIMS: 1. A systemfor nam c W rel ess resoyrce utilizatiop, the system
compri i SRIMUBICHEAH BN BH IS GRENh IR RPAIBIonGREde BRRGENPRE) cot
“communi Caderatile td GSrddte Blepredigineiadd.e W rel ess communi cation resource dat a;
a prediction m)dLHPe.o erahle, using the wireless co i cation resource

_C| ni
data, to pred? SYMEERFERGERQAVIE PEraRte. YRBddhe halp Prediftion dalh. dxneregle MRSt e future
time pedrrmee, wifeldtl nhauinkidtich RBamhald fréhabs of® BB CpretiRibdaiiey 4nni ty not

associ ated w th @’ﬁ{‘]?i/ exllI st 'é“% channels in which one or nore wreless
communi cSfNeGRie £l Behesis data;

a selection module operable to receive data reflecting feedback from one or
more previous wireless communication attempts and data reflecting one or more
network conditions and, according to the received data and the channel synthesis

- data, select one or more particular wireless communication channels from the one or
more created wireless communication channels, the selection module further
operable to generate wireless communication channel selection data;

an assignment module operable, using the wireless communication channel
selection data, to instruct a radio unit to communicate using the selected one or more
particular wireless communication channels; and

a deactivation module operable to instruct the radio unit to discontinue use of
the selected one or more particular wireless communication channels after the

communication has been completed.

2. The system of claim 1, wherein the selection module is operable, according
to one or more wireless communication channe! characteristics, to designate one or
more backup wireless communication channels from the selected one or more

particular wireless communication channels.

3. The system of claim 1, wherein the assignment module is operable to
instruct the radio unit to communicate using one or more newly selected wireless




assigned to one or nore first users is tenporarily avai habtiebdraooem r el ess
communi cation by one or nore second sers, the prediction nodul e being

further operable to generate hole prediction data; a synthesizing nodul e
operabl e, using the hole prediction data, to create one or nore wreless
comuni cation .c ann&lﬂa}ng om t he one or nor eB'E{EEdi cted holes and generate

channel SJAPHEETENY Lo [RPOTEH 190G ¥ BI9ET AHPRITS T QBB UMMt a

ref | ect i ngwbeabpaitiknd.r om one or nore previous w rel ess comuni cati on
attenpts and data reflecting one or nore netwrk conditions and, according
to the received data and the channel synthesis data, select one or nore
particul ar W 4.€TRssysCaMoll Biairatl, hefdi@ fitcose br Mard WieleBS cOmmuRRRakorCr eat ed

Gencr ot S RPVEPREE BOMRIT BAP efpoeh o o gopisct FEHeh v, TaRvaicy: Thrent

nodul e ofrpe.abl e, using the wi rel ess communi cati on channel sel ection data,
to instruct a radio unit to communicate using the selected one or nore
particular wireless communi cation channels; and a deactivation nodul e

oper abl-e to ifisTHeleystéreofr edind 1URihkrdi® tith aesighrmentembaie G opbRblest] ect ed one

or nore parti | ar ,wireless communi cati on channels after the ,.conmunication
has beorMeEif g G0 it cuyB RS UHIo e SEICGR o890 Here BRUEdFon nodul e
i's oper abirglessonamaehitigdion ichammeds Miringey dedidriatddgasiod @fftma cati on channel
characteristics, to designate one or nore backup w reless comunication

channels fromthe selected one or nore particular wreless conmunication

chann.g: s. 3. th'méyﬁt@’mhdff cl@i(fjr;ﬁﬂnwhgremmdahssigm_ﬂerﬁsrﬁb@ﬂmtopmw ®is 0
operable to nstruct . .the radio ynit to communi cate usjn ne or nore ne
s6l ot edBiieLIEIBHNID SRERLIGEIS = BaEURRIIN S o I R8P eos ponse. t o
one. or nmireorelpartgakr wirclesecammimicationngiannglk., conditions. 4. The system of
claim1, wherein the one or nore wireless communi cation resources are
nonitored with respect to one or nore of power |evel, frequency, and tine.
5. The syst em.dheystem df claMier, ainBrdimtheagsugaveerdf onedrhwré Roleprral e to

or more future time periods is predicted using one or more of:

an inertia-based technique;

a periodic technique;

a filter-based technique;

a time series prediction technique; and

a spectral technigue.

8. The system of claim 1, wherein a wireless communication channel is
created from one or more holes using a pattern-matching technique.

9. The system of claim 1, wherein the one or more network conditions
comprise quality of service (QoS) and use of one or more wireless communication
resources by one or more network nodes.

10. The system of claim 1, wherein the one or more wireless resources
comprise one or more of one or more frequency bands, time slots, codes, and power
levels. '




instruct the radio unit to conmuni cate using the sel ect é@lOcniger@b0aror e
particular w reless comruni cati on channels during a designated period of
time. 6. The systemof claim1l, wherelrn the assignnent nodule is operable
to instruct the radio unit to communicate a particular unit of data using
t he sel ected te&artl cular wire] ess conmmuni cation Fhannel s. 7.

The system of | &l HistElernaL PRI ¢ HeSTsines PP OTREPCORES OF Moe 8 Hf 85 i n one

or nore Mgkt uchoEbsrels| trdls siots, podsd, 6f pélvardévigs.one or nore of: an
inertia-based technique; a periodic technique; a filter-based technique; a
time series prediction technique; and a spectral technique. 8 The system

of claim 1 Wher The @swrrr ef ed&imC aMWHrgiAt & Cn’lieélB@M|ﬁéleésS cofm@dictiorf r om one

- nor e es| usi ng_a Igattern tchl r% t echni que. The system of claiml,
wher ei n TRENGHEMRTSRY PAC RPRISICIRSIRERFINIRNE of Pf't?ﬂ qual ity of service
(QS) and use of one or rmre Wi rel ess conmmuni catl on resources by one or
nore networ Kk d The stemof claim]l, ein the one or nore
wirel ess resoﬂf m%lg% °§e I%r WiERIPES JEsQee oPt'“ﬁBtl‘ &Eqﬂﬁ'&‘ip bands,
time sl odsnprisodes, and power |evels. 19 October 2006 28 11. The system of
claim1l1, wherein a hole conprises one or nore of one or nore frequency
bands, tine shotifgringoede®r more wosless ¢ewmbisicatich. redtnecesyst em of claim 1,
wherein a created wirel ess comruni cati on channel conprises one or nore

hol es nmeet i ngyhiaeath W@l&s%ﬁh?rﬁfn!cﬁhorl%so&c@%@d for dynam c wireless
resource utilization, the method conprising: rmnltorlng one or rmre

W r el ess Commnl catian,resources: enerati Commnl cati
i tiag ik g

resource dat ar> NS oMUt FRRRHICE r %Oﬁfﬁ‘frﬁpcﬁ)f’edi cting

the occunessraeoef holen ate oromerchiaties time mEtedera holeofpkising at wirgegzer i ods, a
hol e Coné%mmunqgat%nvgppgrtl?rﬁty not associated with any existing channels in which one or
more wireless communication resources assigned to one or more first users is

- temporarily available for wireless communication by one or more second users;
generating hole prediction data;

using the hole prediction data, creating one or more wireless communication
channels from the one or more predicted holes;

generating channel synthesis data;

receiving data reflecting feedback from one or more previous wireless

communication attempts and data reflecting one or more network conditions;

according to the received data and the channel synthesis data, selecting one
or more particular wireless communication channels from the one or more created

wireless communication channels;
generating wireless communication channel selection data;

using the wireless communication channel selection data, instructing a radio
unit to communicate using the selected one or more particular wireless
communication channels; and

instructing the radio unit to discontinue use of the selected one or more
particular wireless communication channels after the communication has been

completed.




communi cati on opportunity not associated with any exi sti%@ctobarfed s i n

whi ch one or nore wreless connunicgéion resources assigned to one or nore
first users is tenporarily availabl€ for wi reless communi cati on by one or
nore second users; generating hole prediction data; using the hole
prediction data, creating one or nore wreless conmunication channels from
the one or nore predicted hol es; generating channel synthesis data;

recei ving dat .refd eRtticdgofl @& a8 KiuFtheNtEMBrisiig, THREGdRIGENSI GHES otViriofd eSS
conmmuni cation attenpts _and dat? reflecting one or nore network conditions;

accor di n§"¢/85% rRMMMBISATIY chenng! sharacisastigsaslsaionaling: onss PE MRIe PACKH! ect i ng

one or npir€lefAEdhMUhidation ¢rRinASIE FRAMAGsSEDBns bamard patit@ar Witglegne or nore
created wireless ¢ rmur]l cati on channel s; generating w rel ess communi cation

channel SRPBEREHIONFRAARCIsi ng the wirel ess communi cation channel sel ection
data, instructing a radio wunit to comruni cate using the sel ected one or

nore parti cul fﬁ xﬁfhrel e@s cti)rrguni (%Sti on channels: and instructing the radio
unit to di scomti mie MEWOgs ok K@MBe |l dc COMPHHRY oPSIRAIRI hEr FAdQ)I Wt ¥ r el ess
conmmuni cedrmainiedta nsRlgsonefdr éfiork MewsosBbe CRirbiess EaembeieMionchiaphet afl. 19

Cct ober 2006 %9 14. The nethod. of claim 13, further conprising, according
to one ofFSHYRE QMY 8 EOE e BN ARIATK epnditionSer i stics, desi gnati ng

one or nore backup w reless comunication channels fromthe sel ected one

or nore partigular wiyeless. c ni cati on channels. 15. The pethod of

ol ai'm 230 confit ToP P RHLETARIEY 1y WIRET B o FHoTS MToleBRATLALETS ng. one

or nore reevdries gleenbritbrad With eSspeCOTBNY drahbrenof PaaBNRIEl, rBqudRypase to one
or nore changes in one or nore network conditions. 16. The nethod of claim

13, wher¥'%t the one or nore wirel ess conmmunication resources are nonitored
Wi th respect to one or nore of power |evel, frequency, and tine. 17. The

nmet hod of cl aj 3, conprising.instructing the radio unit to .
Hn ‘?'he metrrT\Bd o] c%um ?}3 comprising instructing the radio unit to
communicate using the selected one or more particular wireless communication

channels during a designated period of time.

18. The method of claim 13, comprising instructing the radio unit to
communicate a particular unit of data using the selected one or more particular

wireless communication channels.

19. The method of claim 13, wherein the occurrence of one or more holes in
one or more future time periods is predicted using one or more of:

an inertia-based technique;

a periodic technique;

a filter-based technique;

a time series prediction techniqué; and

a spectral technique.

20. The method of claim 13, wherein a wireless communication channel is

created from one or more holes using a pattern-maiching technique.




conmmuni cate using the selected one or nore particul ar wi$ ©ttelss 2006

comuni cation channels during a des%(%nat ed period of tinme. 18. The net hod
of claim 13, conprising instructing e radio unit to conmmunicate a
particular unit of data using the selected one or nore particular wreless

conmmuni cati on nnels. 19, The thod . of claim 13, wherein the occurrence
D oot o et B aliod g ahy 1o WBSIA (hesopd A M| ok coBRBaT, od Lot n
one or nedrepriske: qualiityl dTeddriice PQSSanEasd bOues or MoRE WirtikES cbRETNicatie a

filter-based teg}(‘hgi a tinme series prediction technique; and a spectral

que;
t echni quEFSOYEeS PRENGRE RO RFWRIKIIAPS.3.  wherein a wirel ess communi cation
channel is created fromone or nore holes using a pattern-nmatching

techni que. 19 COctober 2006 30 21. The nethod of claim 13, wherein the one
or nore net wik Tendiethaansf claionpiB] skeirathet ynoior seore | wirelds@oSsoanes use of

22 The' TerTRIAE S ST GF bR red R8RS, Pte R0 Bhafbele BRVKE coo” ™™

conpri selegele. or nore of one or nore frequency bands, time slots, codes, and
power |evels. 23. The nethod of claim 13, wherein a hole conprises one or
nore of one or nore frequency bands, tine slots, codes, or power |evels.
24. The net hoZB.dheahathod bBclaivh é8,evhrerain arhedd eanmises| ceesor aooreneh bo@abr on

 Sof tuar e PR R uBsB Bl BRI on, "The sof tuare enpodi ed
‘i n nmedia and when exech ed operable to: nonitor one or nore wrel eSZat N
O et o e SE T LSRR T G PO LB CPRESBRYERF e
one or nuiraankldocewrises omeonmoratholes meeting dnieroe npee icolega. a hol e conprising a
W rel ess

25. Software for dynamic wireless resource utilization, the software embodied
in media and when executed operable to:

monitor one or more wireless communication resources;
generate wireless communication resource data;

_ using the wireless communication resource data, predict the occurrence of
one or more holes in one or more future time periods, a hole comprising a wireless
communication opportunity not associated with any existing channels in which one or
more wireless communication resources assigned to one or more first users is
-temporarily available for wireless communication by one or more second users;

generate hole prediction data;

using the hole prediction data, create one or more wireless communication
channels from the one or more predicted holes;

generate channel synthesis data;

receive data reflecting feedback from one or more previous wireless

communication attempts and data reflecting one or more network conditions;

according to the received data and the channel synthesis data, select one or
more particular wireless communication channels from the one or more created
wireless communication channels;




communi cati on opportunity not associated with any exi stifQctobei20@ s i n

whi ch one or nore wreless conmuni c§1ti on resources assigned to one or nore

first users is tenporarily available for wi reless communi cati on by one or

nore second users; generate hole prediction data; using the hole

prediction data, create one or pore wreless conmuni cation channels from
g ielés &

the one or NP9t 8 CREMLGIcalh ey s seriRR Fa&y nt hesi s data; receive

data reflecting feedback fromone or nore previous wireless conmmunication
attenpts and asitgthesfitedessi aoginoumécatipn wbamnaheélaction daten dhstivohns radiaomibr di ng to

the recej Vet faig MMl e ARG oY B RES BaftBla: wBELES boRREnREAP' ©
particular W rel éss conmnuni catlon channel s fromthe one Or nore created
wi r el esscheonetan@rght i on channel s; 19 Cctober 2006 31 generate wirel ess

comuni cati on channel selection data; using the wireless comunication

channel sel echi@ict 4l @diol UMiits HBEorRinL8 W8 obthelseldcfdMBTB Mdr@bartiddbng t he
sel ected one or nore particular wireless communi cati on channels; and

i nst r uct Wirgless cammuRisdtioncharpelc aifrithr eorngenisetiaashees cerietite or nore
particular wreless comruni cati on channels after the comrunication has
been conpl eted. 26. The software of claim 25, further operable, according

. Ej O One Or noOrEs. The edmﬁaetmmmmi zaltﬂuﬁnercbp@ﬁeib, abaréing ﬁdiio‘-hbi @'S:,poté) ]

esi gnate. _qne or nore backup w.reless co ni cation channe omt he
sel ect ecMEESSOFOHBPRCAIET, Aial CHATREPEES, BoiRRRNEIS P! GHEAMEFEIP 27, The
- sof t war ewiedless @nimidhicatiipedhabhéls fron et dalsdied Bite bRflofe patitulaowirgiesgTuni cat e
usi ng one or nore newy selected wireless communi cati on channels in

r espons YN EHEAtGp P%el%hanges in one or nore network conditions. 28. The
software of claim 25, wherein the one or nore wirel ess conmunication

resources are jtored with respe to ope or nore, of power |evel,
frequency, arﬁ??b@sg@’.&rﬁ' §|8F‘5)V\%%'e08?ragllea?9n'Q%','”‘:Bptg?aﬁ\gg’ t”(')"ﬁi ﬁ%t ruct the
radi o unddmrhgnicato mBingickator mise RgwlyRIciERir€dsOfEnMinicatiod dhahikdlSiH ar

W rel ess com‘ruqi cation . o
response {0 one or more changes in one or more network conditions.

28. The software of claim 25, wherein the one or more wireless
communication resources are monitored with respect to one or more of power level,
frequency, and time.

29. The software of claim 25, operable to instruct the radio unit to
communicate using the selected one or more particular wireless communication
channels during a designated period of time.

30. The software of claim 25, operable to instruct the radio unit to
- communicate a particular unit of data using the selected one or more particutar
wireless communication channels.

31. The software of claim 25, wherein the occurrence of one or more holes in .

one or more future time periods is predicted using one or more of:

an inertia-based technique;
a periodic technique;

a filter-based technique;




channel s during a designated period of tine. 30. The sof% Qetpkerdd06cl ai m 25,
operable to instruct the radio unit £&o comrmunicate a particular unit of
data using the selected one or nore particular wreless comunication
channel s. 31. The software of claim25, wherein the occurrence of one or
nore holes in__one ar rmre.fuﬁ#f e tinme periods is predicted using one or
more of : an i ALPESEIERREGCliy ﬁ'@fﬂ%‘?’ and" heriodic technique; a filter-based
techni que; 19 October 2006 32 a tine series prediction technique; and a
spectral techabegriral Bghniqies software of claim 25, wherein a wireless
communi cation channel is created fromone or nore holes using a
pattern-matchi ng techni que. 33. The software of claim25, wherein the one

or. more net V\Di_‘si(. THRNSHiWaRO SF pl‘éﬁﬁT}?Bi Bl ivinlRl RRIYIM@LbARRANMNE use of
one or nmore wreless conmunication resources by one or nore network nodes.

34. The F&REqdIM ¢fte @ mermhples Uiingreptarmanadeindfechiiue. wi r el ess resour ces
conprise one or nore of one or nore frequency bands, tinme slots, codes, and
power |evels. 35. The software of claim?25, wherein a hole conprises one
or nore of one-othe sRitvare of GlalA C3p. MdsERn the pae oF Miage nedurs copditinsner

level s. @fmpriseequatiytfeehic (G ANPRse YWNEHELNMBrELWRAESS c¥hBhREfon
communi cation channel conprises one or nore holes neeting one or nore

Criteri aresgUCeRPEYRY FrPIGNENPEMOEeH r el ess resource utilization, the
system conprising: means for nonitoring one or nore wireless conmuni cation
resources; neans for generating W reless comuni cation resource data;
nmeans for, us%gTheh@fwar%Pé%"B&%ﬂMe@am it OR@ §b MR WIEIess BPAHFRR i ng t he

occur r engingtse MG of di® bEoRObERold FrUBnSY bARE Ctirh&! SIS cbdd® aREhbRES, a hol e
conprising a wireless comuni cati on opportunity not associated with any

exi st i ngevels.

35. The software of claim 25, wherein a hole comprises one or more of one or

more frequency bands, time slots, codes, or power levels.

36. The sofiware of claim 25, wherein a created wireless communication
channel comprises one or more holes meeting one or more criteria.

37. A system for dynamic wireless resource utilization, the system
comprising:

means for monitoring one or more wireless communication resources;
- means for generating wireless communication resource data;

means for, using the wireless communication resource data, predicting the
‘occurrence of one or more holes in. one or more future time periods, a hole
comprising a wireless communication opportunity not associated with any existing
channels in which one or more wireless communication resources assigned to one or
more first users is temporarily available for wireless communication by one or more
second users;

means for generating hole prediction data;

means for, using the hole prediction data, creating one or more wireless .
communication channels from the one or more predicted holes;




channel s in which one or nore wirel ess comruni cati on re$®O¢tctes 2¢®si gned to
one or nore first users is tenporargdy available for wireless

comuni cati on by one or nore second users; nmeans for generating hole
predi ction data; neans for, using the hole prediction data, creating one or

nore wireless co ni cat{.on cha?r;}nel fromthe one or nore predicted hol es;
19 October 208BaNSMr gengratind,chapRel syahesy 98Rannel synt hesis data: neans for

receiving data reflecting feedback fromone or nore previous wreless
conmuni cat i onmaansifigt ecawigddata nedié¢dtiogtfeedpaskefram onsr er matreupréviewndi ti ons;

Teans Qo 6Ll AcdiBrldNBmb RCHek A kB Whel i GFRRR SyMkgS] s data,

sel ecting one or nore particular wre omiuni cat'i on channel's from t he
one or nore created wireless conmunjcatjon channels; peans for generating

wirel ess commIRRRSA oRCORER & thecreseived daliapnd theeghannebryntipsisdatene

Wi T el esSssuliRy ineadri MereCHaiiifdr wikdigwkt cdimGdbation dHaphély GlohMthedorfedgd O unit to
conmuni cat e usi n(g the selected one or nore particular wreless

communi CAPESHEHURG MTEIESS CHRAUREAIR $NelRst ructing the radio unit to

di sconti nue use of the selected one or nore particular wreless
comuni cat i onmedrmoegsnandtingrwitdkesscommumicdidn charires sdledion datmpl et ed.

means for, using the wireless communication channel selection data,
instructing a radio unit to communicate using the selected one or more particular

wireless communication channels; and

means for instructing the radio unit to discontinue use of the selected one or
more particular wireless communication channels after the communication has been

completed.




