METHOD AND APPARATUS FOR COVMUNI CATI NG DATA UPON MULTI PLE RADI O CARRI ERS

[ 0001] The present invention relates generally to the comuni cation of data
pursuant to a hi gh-speed data comruni cation service, such as an Enhanced
Data for @ obal Evolution (EDGE) communication service. Mre particularly,
the present invention relates to apparatus, and an associated nethod, that
al |l ocates communi cation resources according to a Mbile Allocation |Index

O fset scheme and that provides for the comruni cati on of data by way of
the allocated communication resources. Background of the Invention [0002]
H gh- speed data se™MESEORANDARRABAAGIS FOR COMBIUNICHAAYNG DAL o

comuni cati on systens. AdvatdpsME LiTHPEIRUBIOaC ARRIEHThNOl ogi es have
permtted the devel opnment and depl oynent of radi o comruni cati on systens
that permt the conmunication of data at high comuni cation throughput
rates. And, w t[D00 GOt puEnAHVHHGR TBIBIS pbibr AQMIURE Q@Hm@ﬂicﬁ@&ﬂ@@&a@g' es,

i nprovenments to such systens Permt the t hroughput rates to be yet further
i ncreased. VAMrHEt 19 ghighpeerd dagataams erigitesicrany sedheisranddgnodalt Rata for

mechani sms  of ~j . AP ti-oh.are under.goi ng. devel opment, standardizati on,
and i npl emnt%&oggln&%iw%x%?&@rcf HH%?%{CM%&TVE'MGCi\df”&?dpaété‘?"\th%ye,th‘rl?:*f:%qnf ed to
as GPRS ( Genenadntibaciletes Raglipar:ey, vh@ &) ads06iaGdMedd, abakiiQusdsem for Mobile

communi cations) has achieved significant |evels of deploynent and usage.
An ext ensi on PBRHECHEHSPRI CPRS EG RN dbabilsr nehéorendcEDEE( Ehhvaneed Dat a

for G obal E y A r : rgQihn e t Dat a t.-hr.oughput
rates achi evéﬁtgﬁ ?ﬁagsnﬂogg)%é-%gglggl “é‘%g%gtd gt%bgrg‘)’égs(&lgtﬁlygiﬁgc%efilC)?“m“ém%‘}mnt han

t hose achi evabioarden. its predecessor GPRS system [0003] Wil e EDCGE- based
comuni cations pernmt data to be communicated at substantially higher data
rates than its GPRS predecessor, data services are becom ng, and
anticipated to beconme even I'TDI'eB%ngl%ﬂh@'dffilﬁﬁnﬁjs}{ﬁonThere i's a continuing
need to find ways yet further To 1 ncrease t hroughput capabilities
of EDGE- based [Q%’%ﬂmﬁigbamc@chéat@@cmms kictiatreaditgy ppeedyedtonwunbtatiion of

i ncreasi ngl - nt.ensj ye 2 , o :
g ycgl@lhﬁ]m&lhgn %ys\{ems. Advancements in communication technologies have

permitted the development and deployment of radio communication systems that
permit the communication of data at high communication throughput rates. And, with
continued advancements in communication technologies, improvements to such
systems permit the throughput rates to be yet further increased. Various high-speed
data services, and their associated mechanisms of implementation, are undergoing
development, standardization, and implementation. An exemplary data
commmunication service, referred to as GPRS (General Packet Radio Service) for GSM
(Global System for Mobile communications) has achieved significant levels of
deployment and usage. An extension to the general GPRS communication scheme,
EDGE (Enhanced Data for Global Evolution) is presently undergoing deployment.
Data throughput rates achievable in an EDGE-capable system are significantly higher
than those achievable in its predecessor GPRS system.

[0003] While EDGE-based communications permit data to be communicated at
substantially higher data rates than its GPRS predecessor, data services are becoming,
and anticipated to become even more so, data-intensive. There is a continuing need to
find ways yet further to increase the data throughput capabilities of EDGE-based

communications to facilitate the speedy communication of increasingly data-intensive



data communi cation services that are to be inplenented in an EDGE- based, or
ot her hi gh-speed, data conmuni cation system [0004] Existing EDGE standard
pronul gati ons defi ne, anobngst other thingsz the channel structure used
pursuant to EDGE-based conmuni cations. Channels are defined upon multiple
carriers. But, due to various requirenments, effectuation of a single
conmuni cati on service using conmuni cation resources upon nmultiple carriers
is presently unavailable due to constraints in the standard promnul gati on.
[0005] If a nner coul d be provided in a high-speed data radio
communi cat i on“3& Femapinication poryiges et aeiubs implomientadiean EREEboel carather
conbi nati ons . eTazatlal QN service, increased data throughput
rates and spe%@%gﬁéﬁ??ﬁ%ggwﬁon mghﬁgﬁk%é'achievable. Such a manner woul d

al so require cofiidi dixtiition HPPBsahdadgRemulzRthodRiegyahdiaskt dBedBligs@e
operate in a manner that permts communications to be carried out using
the time-sl ot PE4PFS PC‘B&%CHQNSB%}G SCEE-Rawed camunygitions [ 6bosielsaci s in

| i ght of thisddragh id [ t igni-ficant oinprovenents of
the present invent ?gﬂyﬁg\lf&eﬁ]‘%% ved%& dﬂlu%r?gw?ﬁgsslggﬁhytﬁ%ﬁst’g%ﬁf{egﬁae“ﬂ% ngs
[0007] Fi gur esinglg kpmstunipten serfignosingeamnhingzkio r@&guans oformmnuRpengira ey
comruni cati on_syst t hat. . i.ncl. udes an enbodi nent of the present invention
as a porti onISth\:eéFIgtg%‘ unav ilahas dus 19 soasteinis i, thesindardprogylealent at i on of
exenpl ary commjod@gt (ONmERSRYHEIE bedrd rO i FRAE, ) raid,on of
an enbodinen?ngf ?ﬁe_.resent inven?%%ﬁeai?%g%g?qg$%ﬁgiggﬁ%i%ﬁgﬁggfgghh

repr esent at i oWSIERM gadine mogsk byl pijabdotimarsl @ abiron comboutions @l jeobaniaon nade

pursuant to QR&fatdiom.af..an.enhodi) f _the present invention. [00010]
Figure 4 illust r’gt%de’%?‘é’gr?%‘?’ﬂcgd@ﬁ%\% aﬁpagagﬁlé?#f%kﬁpgf‘iaﬁeﬁ A spsrih B Bto i on
of an embodi renthickalilbeSwhes@ntnd: MR L8R redRtablngshnRRseh iappirais LAFO11 ]
The present in?\ignthj on, .accordi ngly, advantageously provides apparatus, and
an associ at ed"fre? o8y thifds ablgde PPeraleds acwrmwgnibebpérontssprgaicasiens bt to a
hi gh- carried out using the time-slot/carrier combinations, once made available.
[0006] Itis in light of this background information that the significant

improvements of the present invention have evolved.



speed data communi cati on service, such as an Enhanced Data for d obal
Evol ution (EDGE) communi cation service or other communication system
optionally utilizing frequency hopping. [00012] Through operation of an
enbodi nent of the present invention, a manner is provided by which to
al l ocate communi cation resources across a plurality of radio carriers
howsoever |ogically defined pursuant to a Mobile Al ocation I ndex Ofset
(MAIO schene. The MAIOis an offset value to the actual Radi o Frequency
(RF) to inplenent frequency hopping, but is treated logically as an RF
carrier itself. The likeli hooﬁiﬁfﬂﬁgiﬁ_iﬂﬂ(ﬂiﬂb@_ﬁg’i_lm&ai | abl e for

al |l ocation acr @go—g @v%[rlgl |1t¥[ 8 a&grrl 8,3 c:tmnai %rloc%t ei'ia t han qhe i kel iyhood

. mam o an CXCIH )1di
of tinme slots bein abl e ocationton AsihlE" Carfe yrary

limtation of com«nsmmaitg)lﬁhjsﬁmatthamnnSIQB@rE@ en{R@dak Byhalpraeat hﬂ’@ntlon as a
conmmuni cation reso rce? across a plurality of index offsets, an increased
li kel i hood t WU BGHI% -guous series, such as a block, of time slots can be

al l ocated for t b@o&?e'ﬁ Sir V\ﬁgqgﬁstﬁtcsaa gg%e"é‘exﬁgtw&‘ Sk )?J}Y ?%1)@5@2%2198{1 ig&gurace

conmmuni cat i on seSS|on n a contigliolus sequence
avai | abl e wi tdlionatica 1ha@mrsdahétodaicmtioa ca‘lahexrtb@dbﬁaemcﬁmaqil@sahteidvem'rcﬁ qui ckly

t han when only {j@@ ng f conmuni cat i on re ourges upon a single carrier
for data commum h‘%“"‘d H?j‘ahcs LrPETREATRA T sRCEEsEicaIR anAsamIBistion

conti guous tiE®usdcOtBodtibn r}%deabux@&ﬁlttetg’ opdrfIeaB&f &hﬁ@f?xh@nt%f ttl{crrgrc%élﬁt S
all ocated to a data communi cati on session permts 1ts conpletio

the greater dPeditienical |evel of resource allocation. [00014] I n one aspect

of the present n t wor t he ra ni.cation
ayst om | not uae S ONERELAR0e 4 MEAR ARy BE T u it ke Bl oheio
requi renent s ofierdadotlionen®bf Sichessehsiavagpmest ed to, be provided pursuant to

communi cate data to performa conmuni cation service during a comrunication
session. The anal yzer determ nes, for instance, the nunber of tinme slots

that are needed to be allocated t%e&{]ﬁdcﬁmgt%ﬁt' on session to permt the

data to be communi cated between cation stations. The
det er mi nat i ond 0@t Bie prteheltana:hyme,racaclirdmghﬁadv;itmigdonﬁy@medeqmlpparatus

frame-by-frane, basis nicat.i on session basi upon anot her
basis, all i ﬁmér"?rﬁ?‘?ﬁ&a&gﬁﬁ‘ftﬁ% tf§°1tlgﬁfér?f’ﬁu?‘§§%‘toé Pt oo pursuaht to a figh-

speed data communication service, such as an Enhanced Data for Global Evolution
(EDGE}) communication service or other communication system optionally utilizing
frequency hoiﬁping.

[00012] Through operation of an embodiment of the present invention, a manner is
provided by which to allocate communication resources across a plurality of radio
carriers howsoever logically defined pursuant to a Mobile Allocation Index Offset
(MAIO) scheme. The MAIO is an offset value to the actual Radio Frequency (RF) to
implement frequency hopping, but is treated logically as an RF carrier itself. The
likelihood of time slots being available for allocation across a plurality of carriers is
greater than the likelihood of time slots being available for allocation on a single
carrier, a limitation of existing allocation schemes.

[00013] By allocating communication resources across a plurality of index offsets,
an increased likelihood that a contiguous series, such as a block, of time slots can be
allocated for the performance of a data communication service during a
communication scssion. When a contiguous sequence of time slots is available within
a frame, the data is able to be communicated more quickly than when only making

use of communication resources upon a single carrier for data communications during



al l ocation. [00015] In another aspect of the present invention, the network
part also includes a resource allocator that allocates resources to permt
t he communi cation of the data during a cdmmunication session to effectuate
t he conmuni cation service. The resource allocations are nade, e.g.,
responsive to analysis of the comrunication requirenents. The resource
all ocations are nade across a plurality of MAIGs (Mobile Allocation |Index
O fsets) howsoever defi ned. V\hen parti cul ar ti nme slots are avai I abl e on
uenci.es atl S are

diff t
Commm oat 6 AP uRlaEhSa dbeslh, [ARAUELEE Ry Ak STRLLTER o T PRSHHL i e

slots of thexncﬁkl:afea‘xéﬁ@ﬂbut ndamealdis elEaenl (KR Sl LAHRAGhESioMES OpARIRIHSY
resources allocated by the resource allocator are not limted to selection
of time sl ot§°BAlCHOR PHglathrerite stailied dvichf icpelase dlfdeson.or RF frequency

but rather ar qO@é 1|4(])C@1to%g d:,[%y?ﬂf ﬁ‘.\@rébﬁm :ﬁ\IuHR)?l %hc,ah%}/vv( b g é)?l)i ()?thc ldhloa({afaon

frequency that the conmmunication stat
sessi on, ar ecoapablcetiaf syopen atalums af @ﬂzﬂﬂaﬁjr tihzn a&ﬁl@t«hﬁfonaﬁumﬁcztu(ﬁfmtdiiebepr esent
i nvention, a rressaglétggg rat or the network part generates an allocation

message t hat "SHEFY cdde. ar Ht“r”f”;‘fl" Rgeise tOd&rﬁfﬂH‘%E%t’i“@H‘“l‘é%our ces
al | ocat ed t ocqipmuHRheE HhRrEALA ogHﬁﬁtldﬂafhothcﬁflé@(ﬁ&H@I_LQ)nm hichdif

conmmuni cati on service during a conmuni cati on sessi on ocat|on
nessage i s s%@mioby'lbhéﬂcﬂéwvdm@rpales ft)omatamb|th<emsrt1a¢rmcﬁrmmdrmbts|t{suarqoarty to

the comuni e RULSU nicated. If
rore than s SGHPR BEARARRS IR Mk iy et B it i iPeat | on
sessi on, th&(ﬁ}h;hlﬂ@l&ﬁﬂb@ﬂ)ctmﬁ%&gﬂ}ﬂ ®ngfiicitDreaalbnefl Thac@RRinkfostAidans. By
sendi ng the ?Ilocatlon nmessage to each nobile station that is to be a
party to t hel& RMIFT A4t Mere.desigr@nce. o fspe-be-frasalastnon  cpmpvimationt t he

resource allQeabh 9RSs of hs&?}?xyotﬁ& bglglr) ”EM in h%a!??*?'uh& H%{ix%ké c%{rhhl}rﬁc rQPGLEL €

correctly to recelve, transmt, conmmuni
conmuni cat ecf-ilk)dumomg the com‘rum cation sessi on [00017] I n anot her aspect of
t he present station incl udes a basebgnd, eI errent

@6§”§j e otBe: “~658?Dr~§ ,

that generate Y PROEFTATRPC! L U B3R HVBUYE hretyatkabarhalto insludgs pe

tcﬁ remumn ciate edediflcPal BcR@k ehat WISQRANE:Juddis Qo HEGAVBRGY nlh@i&lohlo®ihd fuhi ch
si ng

during a communication session to effectuate the communication service. The
resource allocations are made, ¢.g., responsive to analysis of the communication
requirements. The resource allocations are made across a plurality of MAIOs (Mobile
Allocation Index Offsets) howsoever defined. When particular time slots are
available on different index offsets or RF frequencics, allocations are made to
communicate data pursuant to the communication session within the time slots of the
different index offsets or RF frequencies. More generally, resources allocated by the
resource allocator are not limited to sclection of time slots on a single mobile
allocation index offsct or RF frequency but rather are allocated, when available, upon
any index offset or frequency that the communication stations, parties to a
communication session, are capable of operation.

[00016] In another aspect of the present invention, a message generator at the
network part generates an allocation message that includes values identifying the
communication resources allocated to communicate the data pursuant to effectuation
of the communication service during a communication session. The allocation
message is sent by the network part to a mobile station that is a party to the

communication sesston pursuant to which data s to be communicated. If more than



signal is applied. The transmtter transmts the signal formng the data on
multiple carriers, in accordance with the resource allocation. In another
aspect of the present invention, the nobi’l e station includes a w deband
radi o frequency (RF) transceiver having a receive part capabl e of
receiving data communi cated thereto on a plurality of <carriers. That is to
say, the w deband RF transceiver provides for multi-carrier reception.
Dat a streans conmuni cat ed upon separate carriers are, for instance

i ndependent dat ﬁm@f-i@ &aEn is' @ b@ al Hh?r@gﬁm@ﬁﬂﬁﬁﬁmdtﬁﬁ er§/§(§ RYALS {E( n

provided by wutilizing separate ‘antennas connect d he W deb

transcei ver awdﬂgengmptMmemthﬂmgndakaJa&m& Bgmnmmhgﬂ&aﬂmgmannne&d@imthe

separate, spact nnas. [00018 he nobil e station includes a
detect or t hat™ g‘é{‘@Pf oty G 6HafﬁaéL’s‘§gé0m“BW&éﬂav oEdas e P He

net wor k part sth@ord Renf@bed 61 8iabdoRfe aﬁ%@atﬁﬁfs@ﬁ%@ﬁ @@g&{ﬁlﬁﬂh@%(ﬂﬂ% :staYt@rhlt'@s of
the allocation nessage thereby to identify t he ar ated resources. [00019]

The nobi | e stRAREECAPGY fornetdideer & comnriblchamunltatios datartdiss opematiceted of
the nobile §hﬁﬁhgﬂcb&ngﬁﬁ pnse. Lo t he conmuni cati on resources detected by

t he detector '0“59”“¥b the communi cation of the data. The

control l er, afgsy lﬁ'rah@ﬂhcr idpli@s thepREdn@ S/ ARG, akd RAF oA svidieRanded adi 0
frequency recelver | enent , thereby to provide intelligent control over

reception of Pighandalement dhat ganginice Asuelbagie rpresratative phieidatrifiatine bobi | e
station. [Oo&ﬁﬂhuﬁ%myahc@ékh [k, & (%lziﬁg'?ﬁh@'ﬁ%%\?éntcﬁgﬁhsgﬁ%ﬂe' ﬁ)g\{\fﬂi?grﬂ?crsiﬁélét

facilitates inproved data throughput rates

connunlcatedﬂ@uﬂsuamMCd01hpanmﬂmmanaawoﬁwuheﬁgoﬂﬁhﬂhmgtmmmnsesahmﬁﬂcThe

all ocation is _nad sum f time slot? aIIocated for the
€

conmuni cati oR m“%slpélﬁ“ ?‘H“ﬁv 'ﬁhé“é‘égr‘?é'f‘t‘“ lopdiogy Inppel AP RBT e ¢ he

comuni cat i dAv&ttiahi GBEhRstAlR lﬁ@[lad:beswkféb&lnpraamcﬁ? N Bins&fng! on and
to the reaction tlnes of the communi cati on stations hee to swtch to

the differ edteViwdi soeise pid capabiont takii e gcloimeniuaticond festopuelankty of
al | ocabl e. [&Rﬁ%}] TMl 1£ H%? @%gv ?Ed‘a%d 1?1583%3&%1%{}%%5[( 5 L({r n&)tﬂgpc%é?(%gf . f‘gd an

associ at ed comruni Ca

communi cat e rd@apaouAmaamieyﬂe rcominturdchd@l @thnt @pireGaiaviecrdfrel RtigAcen of a
characteristi¢ of the data that is to be comunicated by the first
communi cat i SRYPERdGS Hatapigaghalny Brrthcs aspssl resgivedivarsity is provided by

utilizing separate antennas connected to the wideband RF transceiver and, e.g.,
receiving data sent upon the same catrier at the separate, spaced-apart antennas.

[00018] The mobile station includes a detector that detects the allocation message,
once broadcast by the network part to the mobile station. The detector ascertains the
values of the allocation message thereby to identify the allocated resources.

[00019] The mobile station also includes a controller that controls operation of the
mobile station in response to the communication resources detected by the detector to
be used pursuant to the communication of the data. The controller, amongst other
things, controls operations of wideband radio frequency receiver element, thereby to
provide intelligent control over reception of data that is communicated between the
network and the mobile station.

[00020] Communication resources are allocated in a manner that facilitates
improved data throughput rates of the data that is communicated pursuant to
performance of the communication session. The allocation is made to maximize the
sum of time slots allocated for the communication session within the constraints of

the capabilities of the communication stations that are partics to the communication



anal yze conmmuni cation requirenments required for the communication of the
data. A resource allocator is adapted to receive an indication of the
anal ysis made by the analyzer. The resoufce allocator is configured to

al l ocate resources across a plurality of nobile allocation index offsets
or frequencies for comunication of the data. A w deband radi o frequency
el enment is adapted to receive an indication of allocation nmade by the
resource allocator. The w deband radio frequency elenment is configured to
recei ve data_that .i muni.cated over a plurality of carrjers. [00022] In
t hese and otﬁ%?ﬁéﬁﬁggfg?n¥%é$§#gﬁﬁfﬁﬁﬁ?fﬁgpugﬁﬂﬁ?éfﬂnggﬁﬁkgﬁoégbgéghted
met hod, is prieulidednf odicccOamupoe ahidtosiidlieficdpesRBle JRUHIBaRE. t 0
comuni cati on ﬁ&ugata A wi deband radio frequency element is adapted to
detect data dBAMIAIledbess and ofhs apnsthutlicedericorppstidey. end ae prsegiated prathed.i ¢ y
of carriers. A dGHEE TR co'nﬁm?xﬂ@Jd(}%&r&ﬁ%nto%cglﬂeetﬁtcomﬁuﬂ‘liJ:zﬁ’c? Efl"«gt!l_oﬂn%ﬁiﬁ%ge
delivered to the radio frequency el enent ® of the comuni cation station. The
al | ocati on nesslagied idertivtisesndarmimanifaatikantcris@soithe estaahdtocatied to t he

conmmuni cati on stationigyrﬁygnt‘to thewconnynicatéon f the data. The
resources that" are A SedredAraMaEEarR e Ht o e%“@*ﬁF&ﬂPﬂ 2ged fdbi | e
all ocation i ﬁ\g@ﬁc@)frﬁ@ﬂilﬁgzﬁbil(‘f&i\dil‘&r’[enftsf REHBACHR The SulnunibAHND GRE fd8T A
howsoever | ogically defined. controll'er Is adapted to receive an

i ndi cation ofcseieeaiawis inedivtdshtotpreivatetindication Thbe corlysipiade by she

Co 1 he det ectinar ThoBaal cw i Rirat Bl el SRR wF SR, PERERET or .

ref erence i soffiholsite stdetidoindbebidteot fitQiahcict FiSbirah@icdion @MINiLEat Aon
system shomn.ggagéallyqat 10. The conmunication systemis operable
pursuant to ¥HK*© df ivelieausnex Hemgnids adapted vieprivom indicatipe obsldgratian v

| pl ement at i @Rde §NEeGNTIHY FRLLOPR BYSE f b AA: igure
comuni cat i otn seysb'{.'er% that provides for %1 [(HELJFE% é'ai%g%gm?@%%?jl%%uéfd
Evol uti on) datreceserddtzdei iswWenineuititveed ovdrawilinglidesfanimgrs.on shal | descri be
exenplary op bon of the comunication systemin terns of its exenplary
ol ement at o g2 Bieat LSRR Mepte. htuat dutn peaeh ra ks
shoul d be undehsdaog-dviadt P comBRGIANGS s@fiod DEerPhI8 HEALaANY COLLAMI@Ki8n
anal ogously applicable to other types of comunication systens, e.g.,

operabl e purddatit 4 ¥idperdrihg epewicr ickmdnehis atieied teddtens data
communicated to the communication station across a plurality of carriers. A detector
1s configured to detect an allocation message delivered to the radio frequency element
of the communication station. The allocation message identifies communication
resources allocated to the communication station pursuant to the communication of
the data. The resources that are allocated are allocated across a plurality of mobile
allocation index offsets or carrier frequencies, e.g., radio carriers howsoever logically
defined. A controller is adapted to receive an indication of detections made by the
detector. The controller is configured to control operation of the radio frequency
clement responsive to the detections.

[00023] With these and other aspects in mind, therefore, reference is first made to
Figure | that illustrates a communication system, shown generally at 10. The
communication system is operable pursuant to an embodiment of the present
wvention. in the exemplary implementation, the communication system 10 forms a
radio data communication system that provides for EDGE (Enhanced Data for Global
Evolution) data services. While the following description shall describe exemplary

operation of the communication system in terms of its exemplary implementation to



ot her types of communication systens. Accordingly, the description of
operation of the communication system 10 is for purposes of explanation
only and not of limtation. [00024] In tHe illustration of Figure 1, the
comuni cati on systemincludes a set of comunication stations,

comuni cation stations 12 and 14. Here, the conmunication station 12 is
representative of elenents of a network part of the conmmunication system
and shall be referred to, at tinmes, as a network station 12. And, the

comruni cati on, Sktal i.on .hs.hepresentative of a. mobi station and shall,
at  tines, sﬁb@ﬁ,‘% fé)g?,[[);(zrl[bgﬁ?célf(%}nrnzlau%agl()g Ssu a\:”l(ﬁ%ﬁ{l ir]goug ggé }ubch,}stwp ﬁhﬁ tﬂc,
operation, eidahigingodf hh@rese@nmuaitoatrOmasd@ubiongplaiband oikrapeseapabl e of
generating EDCGE data .for communication to effectuate an,EDGé data service
during a conmfUAMEAIFEN SEEERD L WFEDH MEfBhi qrepdingssed [ipanaihandelazpect
to effectuat R enb i -&@%@. 0 i.Cafi AV b dat a
connunicatedbg§r§%g§%etmnbkm§?5t| ncf§'?g$gk§§$¥32?ggfgbﬁﬁéo%%ﬁ?fgﬁgggtion
14. Qper at i ofiegbntrhanicowmsysteat ilan (syBramet of exptamtioh oalyendabaof n an upl i nk
di rection cap nganalogously described. A conmunication station 14" is

al so shown i n?ﬁéo?igure. The conmmuni cation station 14' is representative

of the nulti - soeess Iﬂ@ﬁ@ﬂl@ns@iti&nﬁﬁF?Qmﬂl[‘ih‘é%iﬂ‘?{'{hﬁ&a‘@%ﬁ?}/st%rih HdesSXEMPF ary

operation, separate EDGE conmunication services are effectual wth both
t he comuni cH#MBHNERRAY Yy, enamphisatonsiininsdiaod 14t dtargnhd4' . [ 00025] The

communi cati of, syst.em ope ﬂ%@ j.n neral conformty. m%%h he EFE/GPRS/GSM
: t 8 < X - =9 = ra ~ 5 - 3 =
(Enhanced Data %l'or @%‘Ea% VE% {L?tr?‘g{%(’ %’é’? gfelﬁgmg St&fl%i %"rﬁ‘é’élft\}ﬁ &1 d obal
System f or Mabithenicatomyyseat mﬁhﬂﬁll@l@@ét&h‘kﬁ@g},%p@ﬁbﬁ,la@&tnieﬁzﬁﬁk stagidhtipcul arly
W th respect t@ he EDGE channel structure defined therein. The EDGE
channel st r UePrtRC BRIPTYBC2BOTHIOT TF Ferepessnditss aviaInslplestavaasd phalb e me
i ncludi ng f r@nes shhabuSRRd SRSl Whs § 1T8is L@Eiéwﬁuﬂﬁé%)gaﬂ?iéi{,%nﬁépo%%@n .
rate of 59.2 kb/s per tine slot is permtted. en a“conmmuni'cation service
is to be effosptuatddn tammuileatildnre epoblcodgendrattng EDGRdS4 rs Wit hin
frames defined upon a .carrier av Hggple f or .communi cation,. are allocated
for the commuil BaLT B P e e AP URTERICRYAD SFTI0R ght
time slots abpaaddipdmilGanicheiRlvaaatesshbct & dtBtuation of a downlink, EDGE

communication service, L.e., EDGE data communicated by the network station 12 for

delivery to the mobile station 14. Operation of the communication system to

communicate data in an uplink direction can be analogously described. A

communication station 14° s also shown in the figure. The communication station

14" is representative of the multi-access nature of the communication system. During

exemplary operation, separate EDGE communication services are effectual with both

the communication station 14 and the communication station 14’

[00025] The communication system operates in general conformity with the

EDGE/GPRS/GSM (Enhanced Data for Global Evolution/General Packet Radio

Service/Global System for Mobile communications) operating specifications,

particularly with respect to the EDGE channel structure defined therein. The EDGE

channel structure defines a TDMA (Time Division Multiple Access) scheme

including frames that comprise eight time slots. A maximum fransmission rate of

59.2 kb/s per time slot is permitted. When a communication service is to be

effectuated, communication resources, i.c., time slots within frames defined upon a

carrier available for communication, are allocated for the cominunication of the

EDGE data thereon. Theoretically, all eight time slots of a frame can be allocated to a



si ngl e communi cation session, thereby permtting a maxi nrumtransm ssion
rate of 473.6 kb/s (8*59 2 kb/s = 473.6 kb/s). However, in actual
practice, allocation of such a large nunber of tine slots on a single
carrier, or, nore generally, a single nobile allocation index offset or
frequency is unachi evable. O her operating requirenents of the

EDCGE/ GPRS/ GSM system necessitate that a nobile station make vari ous
measurenents, such as neasurenents that are required to be taken on signals
broadcast in adj acent c\e,_l.ls,,_‘i”.e.l qulspadﬂacenp to the active cell in
whi ch the nmoB'Pe BV GNP S pEEr TR HHE b PSR THY PSS FICHE S, Ts
45.008 [5] and3 FRuATIE002KER2]- 473A0KRE%). 130 wpes] ihcandy defdnelcaribabnseh

t hese nmeasurenents. Additionally, clue to the nulti-access nature of the
conmuni cat i oA &g terpeicdiimileldongrsinge virsies onbvels sgaeally andngle atdbile
services, ar . _ v .ot her col cat] .S ion sets. etition
for connunicg%ggﬁgfégggpgégq$?ﬁﬁ?%ﬁgﬁgﬂgéingﬂfI%?@xéwbgﬁﬁzfaﬁ@ﬁéu%Fﬁgo
slots that atte EIaGRIGE/ESM shecalkasaitedtiaoa afdbgie kuabe nakeaarm cat i on
service. If, for instance, there is a sixty percent probability of

avai | abi | i t y™MEFSUECTEETHYISECR fniEcRuET ISy thakyp geiiist to PrE kcgpaﬂ@éﬁgc al

probability gf,adixst $OR :jcgr‘t{%ﬁs,ti.icmacegé Q(Eﬁcc?lptoath !zlPQJeece?lQB LB BRIGhile
6 And t Ity of

available is only 4. percent. e probabi el ght conti guous

time slots osfaosispgbibonghr FlicerpchdinggpesiAcdtainl ESdEaP$ (6 bark! 68 4p€002 0], Even
putting asideg the.limtations due to .the need of a ile station to make
reasur ament s2 iiep P fAb AU el pg SRR el nRGU SORRL e 1 (e,
conti guous t inifRi-8dc@isSnat® o teoauabhidflod Qe SbMBHLRIGALK k& icef, Moth data

al l ocation pursuant to a single communication service, Wile contiguous
time slots #diyBraeTives s aeTaBicd bymtbrrivermendiasionakatioarssts. Compgtition

Fadi o carri o b o B RS A NP S s AR AR h R BhS B L T o
stations 12 andallld tabeallameitlitorélictiyatenaptesantednandiar dfffor metnoé, there
functional el enments, inplenentable in any desjred. manner. Additionally,
while the fufiér'sh 8%“8'?‘@%@91%@ ﬂ?’@&#@&é ﬁ? éél”‘ié%gb‘é’ﬂ-ﬁ glot ﬁtfﬁ’é&gb‘ﬁ{j‘%% Sl

| ocations atspphkied] h&euwal$ MBI AlBud B HIRIINESH @10 arrity GONPANiIHY is
exanple, the elenments shown to form portions of the network station 12 need

not be posidtilpAéd patceat. shidite phlyabildalof egbatidizuoes gng shits an basgle
transcei ver station of HQ)_ net wor
‘iﬁ%r’

net wor k stafﬁgﬁ?qﬁ$é%¥a %ﬁ%ﬁ?étﬁ§%?%BFei&%ﬁgﬁ?%ﬂ%?@%&gﬁﬁﬁgéggﬁﬁgg“ﬁhan
one | ocati onhe sewihyfasmabild NAiAGaniNANSERIVMRItS HREd RY @dtthtically smail
likelthood that multiple, contiguous time slots would be available on a single carrier
for allocation pursuant to a single communication service, While contiguous time
slots are sometimes available on other radio carriers, to date, particularly in an EDGE-
based system, allocating time slots on different radio carriers is not permitted.

(00026} The clements of the communication stations 12 and 14 are functionally
represented and are formed of functional elements, implementable in any desired
manner. Additionally, while the functional elements are represented together, the
physical locations at which the ¢lements are formed need not be in common. For
example, the elements shown to form portions of the network station 12 need not be
positioned at a single physical location, e.g., at a base transceiver station of the
network part. Rather, the elements of the network station, in one implementation, are
distributed amongst more than one location, such as at the base transceiver station and
at a base station controller. The network station includes a radio protocol stack 18 to

which user application data is applied by way of the line 22. The user application



at a base station controller. The network station includes a radi o protocol
stack 18 to which user application data is applied by way of the |line 22.
The user application 9 data is for conmu%ication to one or nore nobile
stations pursuant to one or nore EDGE comruni cation sessions. The radio
protocol stack includes various logical layers including a radio resource
managenent (RRM |ayer. [00027] The network station further includes a
baseband el enent 24 to which data is provided, here represented by way of
the lines 26, .T vari ous baseban erations

I: tﬂh‘se{’ pacsle“jplaqdmﬁl [?{genth(ﬁ_er E:‘qrirln)s[ e gt S UESHE 9 d-\?
i ncl udi ng bal¥B4nG" BPBEREERHYT HYHUI AR S OIS U RAR AU UAESAPRG O PO G028] The
net wor k par t Eakgocdmahsid@sogsesigebantd &ifio(fadid fdRAHENGW) varfol@RsEal ver
front end 28 to which data is applied by the baseband el enent 24.” The

transcei ver bpesatdydipgarrdipserourcaumanaptaentd 8RN ylagers radi o frequency
channel s con e ingle . eband, signal. hy,way af .one.or . nore
antenna tr ansdonzrs s R e AR e A B AR BPRT TS
oper at i on t oisgenddefharcuppsentéd fewenbf nadings b6 eque nedcbsndEl el fegforms

al l ocation index offsets, pursuant to an _enbodi nent of the present

i nvention. [ 6‘66}2*9?&1@?%‘ aptraliqns Apcleding Brieband BRcesmgp Pdeltiopmpdiitnwie! t he
conmmuni cati ofygjgfation 12 further includes a nulti-carrier radio resource
control logic element 42. The elenent 42 is at |least functionally coupled
to the radi o pBE8EdIhestctvokk P8it alsodpeledent edicbyndl (oilid frequdnngs 44 and 46,

to the baseband el enent 24,  here. represented by way . of the |lines 48 and to
the radio ol CHERE oM erd s dErBisBBL B GEy the SEAne Kb BE RS e
exenpl ary i npdreo@ndralpeifes tb RnghR MRNipH2disipedhRadiRdr@fuendy EiRdhésr esour ce
managenent | ogical |ayer. [00030] The nulti-carrier radi o resource control

| ogi ¢ el enerfPlVH&AEeE agsindn Arspbard sigpl by waysdipneer atdre eatcona B@15duerds an

al | ocati on mgssgge, Qe , The apal yzer. Lves. i ndi i.ons of
fhe data that aics partite e nedb R Rt biceds bR B hE b 8
station pur slifiptent adaf fr@gicuats onmobil@albativmikiak otidcts gruse@t i ng a
comuni cation session. The indication of the characteristic conprises, for
i nstance, tHPLHBEHO! e HSERT ARG to be communicated, or some type of

indicia that fdoooogRursuant to an embodiment of the present invention, the communication
station 12 further includes a multi-carrier radio resource control logic element 42,
The clement 42 is at [east functionally coupled to the radio protocol stack 18,
represented by way of the lines 44 and 40, to the baseband element 24, here
represented by way of the lines 48 and to the radio clement 28, here represented by
way of the lines 52. In the exemplary implementation, the element 42 is embodied at
a radio resource management logical layer.

[00030] The multi-carrier radio resource controf logic element includes an analyzer
54, a resource allocator 56, and an allocation message generator 58. The analyzer 54
receives indications of the data that is to be communicated by the network part to a
mobiie station pursuant to effectuation of a communication service during a
communication session. The indication of the characteristic comprises, for instance,
the amount of data that is to be communicated, or some type of indicia that through
analysis by the analyzer permits the communication requirements to communicate the
data to be analyzed. Indications of the analysis performed by the analyzer are
provided to the resource allocator. The resource allocator allocates resources based
upon the analysis made by the analyzer together with tndications of data scheduling

information. The communication resource allocations are made across a plurality of



anal ysis by the anal yzer permts the conmunication requirenments to

comuni cate the data to be analyzed. Indications of the analysis perforned
by the anal yzer are provided to the resodrce allocator. The resource

al l ocator allocates resources based upon the analysis nmade by the anal yzer
together with indications of data scheduling information. The

communi cation resource allocations are nmade across a plurality of 10

| ogi call y-defined radio carriers, mﬁthin the operational range of the
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each of the all ocatl ons. Dependi ng upon the capabilities of the

communi cat i oHMRIERETGHE tERC slobandbragey gawien defined in frsmsariruneliletallomtiogessi on

in which t hel[ﬁ‘l@;{@)ﬁ'& &m%&ﬁgg)go\tlgcf(ﬁfofr%%h ttﬁc %lll ﬁfiggwggﬂhfn %)812% V—' ce,
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comuni cat i OfheSitlaédtRNS iBURle tfriik Ltb%@u‘%@a@@@%l%&ﬁ cQH[E?%JER' SRk tidest he
frequency of the radio carrier. The allocations made by the resource

al | ocator afieddhepubperidadio capians swoss which drd dlocitiaiscat imads isofisanhi ch ar e

further appl [ { e contro

nessages ar ehegjgﬁ(ﬁeér?lztaglgﬁl H‘“%glﬂdampé%" ?Ttﬁ%c%flinble!e‘(fnd?“ gf’itdmﬁ;r c}\?[r ﬁgﬂﬁ?‘]@tm% radl 0
protocol st awpcrhﬂﬂ&db&ﬁﬁi@ﬁﬂdmﬁtﬁmrmcitlcﬁl@dmlshﬁlr!REr Bt e4Rble dfoaRMidi@tinghei r
operation in contormt wi.th the allocation of resources made by the
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al l ocation nessage that is provide transcei vers
communi cat i ordivgescuecenmiitiologicatd.on 14. Through com‘rum cation of the

all ocation ne a ont ai ns val ues ent i f al I gcat e
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[00032] The tﬁ@ﬂid';@mft@bﬂ oacl, Id b'fijs%§axﬁf~é %&:W&(ﬁt‘ﬂék@g&%cﬁﬁo%ﬁwtt%? of the
network station the receive chain portion. of the nobile station is

shown. The rskraten iseenfponity pethubie sliesatianvé ravaurceamedebe thogdlocatnr. REn el ement
66, a basebapg & SMhe Qlit)’(')cated resources 1s also provided to the allocation message

generator 58, The message generator generates an allocation message that is provided
to the RF transceivers 28 for comumunication to the mobile station 14. Through
communication of the allocation message that contains values identifying the
allocated resources, the mobile station is made aware of the allocated resources.

[00032] The mobile station includes structure analogous to structure of the network
station. Here, the receive chain portion of the mobile station is shown. The mobile
station includes an antenna transducer 64, an RF clement 66, a baseband element 68,
and a radio protocol stack 74. The RF element forms a wideband RF transceiver front
end having a radio frequency of a bandwidth sufficiently wide to receive concurrently
a plurality of radio frequencies upon which data is communicated during operation of
an embodiment of the present invention.

[00033] The wideband RF transceiver provides for multi-carrier reception.
Streanis of data communicated to the mobile station upon separate carriers, within the

range of operation of the RF transceiver are, ¢.g., independent data streams.



and a radio protocol stack 74. The RF elenent forns a w deband RF
transceiver front end having a radio frequency of a bandwi dth sufficiently
wi de to receive concurrently a pIurallty radi o frequenci es upon which
data i s conmmuni cated during operation of an enbodi ment of the present

i nvention [000331 The w deband RU transceiver provides for [nulti-carrier
reception. Streans of data communi cated to the nobile station upon separate
carriers, within the range of operation of the RF transceiver are, e.g.,

mdependent dabeost reame 1111?)116111&199@%48 he aﬂl&ﬂ?udimlugﬂ‘%grt@‘Rg?&ml&th@u ghtpnna

transducer 64 is répresentative of or nore, spaced ant ennas,
positioned ter imﬁmﬁl@iewi ecei mér:mdllsmsr*mm!ycci td hewdb:ﬂt[acuvmdwwaty athctdaen
separate antg sent upon the sane carrier and tJﬁ]ﬁrece tion

at the separ Sta ShithRs e SRR DR R fieorl B, B g et g e osaromng

nobi | e st ati anhabgardtOeddgles peovilt fdrtR&Fdcbi®br diddisRy.r esour ce control | ogic
el emrent 78 pursuant to an enbodi nent of the present i nvention. The el enent

78 incl udes &YUBPécilsmazleation denmebideen HBIJIH -CAgmg Ictdhewlsfadmtmésxbur ce

control |ogigi&l t gnet | onal

orotocol st ac [%lcby%{f 78fp§1{ CLl?iHPI{O a% en %%"é [%@IH, %sctnﬁgwgéf baHH“ gf,lgﬁ@rﬁg 92,

and to the Reclrensdaktser 8T aidv B@ltid’l&;x BE. A@xﬂ?ﬂi&fﬂidlb)&%%béc@fmﬁ"dﬂﬂoiglbne 94. In
e elenent 78 is enbodied at a radio

th I I
r egoﬁi(grem ngr%jagﬁﬁdf &?@%ﬁ {%eﬁdgfeﬂ}tioﬁﬂ ydeticigio motospeyidtkdy vey detbect t he
al | ocation nBRSa9NERBL tolYe B&%ba;ﬂ?&l\éﬁl Ht‘ﬁ %R{t thLQ{[i D6sPRPL Bl ?Dtthcp p The

detector extracts val ues contai ned ocat i on message, erw se
identifies tfﬁ@n@arbnumyc@ﬁth@hnc 840l ti@s:xadnbbm:atmmcm@ntatxtme thoahueicE ison

session to c%gmimdc €, Saltca Etilrsuant !to ef fectuation of a
communi cat i on servi ce. “DRL T GHE TR By %Y He detector are provided to the

control | er 84{00006] Thbdceont BObheftRneUalestht AIEANbA AlesORekatignNLef the
nobile station so that the npbile station receives, and operates upon, the

conmuni cat ed'H4R1K stafle to disrinplil dation. oFhg detecrcetrageatugh sowpieedin Bas of
the various gl,enEntgeQf %BFOEE%PJ«&S e?lhﬁfcé o lslyding Lhe ccaq o%agcq} to

transcei ver, to ensure at th ments are opera e proper
times to redewenmbeicdatiassanminteatediawahe tha ;ﬂrs‘uﬁﬁrtem{cct@atﬁdm 6.
Thereby, | ntc%lllnluﬁ ?(pattiog%g\fﬁcgl ll)(i(.,(Pt{O?l\S/ Inga?:lg: bty(ghé Q{?tccgg:bzllrlce i da tdI tont[
provided to the

controller 84. And, the controller operates to control operation of the mobile station

so that the mobile station receives, and operates upon, the communicated data. The

controller, for instance, controls operations of the various elements of the mobile

station, including the wideband RF transceiver, to ensure that the radio elements are

operable at the proper times to receive the data communicated over the difterent

carriers. Thereby, intelligent control is provided to the mobile station.

[00037] Figure 2 illustrates a representation, shown generally at 122, of
comumunication resource altocations made for the communication of data pursuant to
operation of an embodiment of the present invention. The representation illustrates
three successive TIDMA frames 124, 126, and 128, each of which includes cight time
slots, numbered 0-7. Eight radio frequency carriers 132, identified as RF channels [-8
of the inactive cell and carriers FM-1 — FM-MAX of an adjacent cell all identify
carriers identified in the excmplary communication systen.

(00038] Here, the mobite station is capable of receiving data comumunicated on
three RF carriers simultancously. Communication resource allocations are made,

therefore, with the constraint that the data be communicated upon no more than three



[00037] Figure 2 illustrates a representation, shown generally at 122, of
communi cation resource allocations made for the communication of data
pursuant to operation of an enbodi nent of2the present invention. The
representation illustrates three successive TDVA franes 124, 126, and 128,
each of which includes eight tinme slots, nunbered 0-7. Eight radio
frequency carri ers 132, identified as RF channels 1-8 of the inactive cell
and carriers FM -- FM MAX of an adj acent cell all identify carriers

Station | La*“ﬁf A e R St T S T

si mul taneousltly, i1g§0mmﬂteﬁtaﬁylméulﬁ&$@iﬁﬁ§1@ @lflneg addieNs RL&dBAe.an NAgnef ore,
with the constraint that the data be communi cat ed upon no nore than three

12 carri er s SdfinEPAnyhisAdaiads camtioirates] tothe mabkile gfidoredods RytpariRalarand
RS are showniy udihanbighe Aaniigy Jg 2
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t he nmobil e sbathmno@hxqtﬂgm&my! (nmmﬁgl\@luuamm{wdémuﬂk Bite. makheb it g inGitlilic @RsioN. and
Midentify per Q@&%ggrl n wﬂlch data is transm tted by the nobile station
and during whit P%l Qcalions gredradsy by Hie Wé’bﬁfpé5§€*&t‘1ﬁbﬁl[‘ﬁ»t§@013§]
Resource al | RGRInhiSAMALS JBARIRY tﬁh@sléﬂs a%é&h&{ o @glﬁga@m)um sﬁtgHtgf\f&l
nmexi ni ze the sumof downlink tine slots allocated a single

station gi vethe copdragynkatitiag mobtlhatatiohecoobidie cmt:a,tmona them:éuwsccdatra on no
nore than thyee carri |} le tine slot whi | e Q,.0bservi ng
the reacti on(r\frﬁlr%eﬁyﬂ[g”lg%]ﬁs Y Vg]"ﬁl’ iny Obfglﬁmia@‘“ ﬂ‘é&“}‘“h Itt‘hgué'sl 3520602

[2], Annex Brapecddfiredtin amgheoo@m n@Red BBSsificARME el Yactiodemidsf y the
tinme reqwred of a nobi|le station to get ready to transmt or receive,

respecti vel yEersE{Yr ‘éi‘*?‘é@éf“?/flﬁﬁ rgq s guaelildatintian totgehrpsdy ta ir ngrat or
subsequent  uKgt 1res%rcctpﬂﬁzrly el 1@90&1 %§ Quigsgglpetnt 8;111 s?@raﬂdl 1&@?@5 (glf(_, L gnal .

[00040] In the exenplary 1'nplementati rier/trne ions are
sel ected i n ltuestner pffoamiigd Ocidvbbintie oAl dnoeiftceancd indel. Of fset) and time slot

conbination b ing" for.available resources according to the
fol | owi ng ﬁoooﬁﬁﬁy Q}% %,nl) imp bﬂVLgitlmqafzgqu /teng glo ?ombmat?(ms are

%icded i terms of an MAIO (Mobile Allocation Index Offset) and time slot
combination by “scavenging” for available resources according to the following

cquation:

Ne  Nr
MAX Z Z Sl g3t € {O,l}
=l Rl
I CR VAN R VAV A A A R
Flse: 0

Where:
= timeslot number
R = RE deck number (both transmit and receive)
Nt =Maximum number of timeslots in allocation
Nr = Maximum number of RF decks available for simultancous reception in mobile
terminal
S, = Radio resource of timeslot “t” on RF deck “R” for mobile receiver
tt,, = Utilization of timeslot “t” on RF deck “R” permitted according to the reaction
tine constraints {Boolean)

«a = Timeslot availability for allocation to mobile downlink {Boolean)



t=1 R.,I Sta=lA/r=//1 v(f,~ =t uft f,): I~ {Else: 0 Wuere: t

==ti mesl ot nunber R = RF deck nunber (both transmt and receive) N =
Maxi mum nunber of tineslots in allocation3Nr Maxi mum nunber of RF decks
avail abl e for sinultaneous reception in nmobile termnal S R = Radio
resource of tineslot "t" on RF deck "R' for nobile receiver t1tR =
Uilization of tinmeslot "t" on RF deck "R' permtted according to the
reaction tinme constraints (Boolean) a =Tineslot availability for
allocation to ?{ e downl | nk Bool ean) 13. [000411 Bec use the resources
are not 1im ¢ SAOE] ksaEeAbaiawce HigoHt an%t.cﬂ&r Bopap YA lapic upos dpkitednt i al 1y

i ncreased poggiibi L 's&%tﬁfﬂaﬁ\(’%u@ﬂw )B%ltﬁfﬂﬁﬁwnllﬁl?t ()(?r&omnﬁﬁﬁé"d"ugﬁs to
ef fectuate comuni cation of data IS possib based, as well as
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i ncreased ava] nuni cati on resour
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Figure 3 il astdagddes aBatiiR@r GO ONionT BRI PBRAIR data &f bol&@inBlinicated
communi cati on resource allocations nade for the communi cati on of data

pursuant to Mmepeiutilyhasithdronnariosnlboararehie: of the present invention. The
representati 0 (%dd{V\}]lil\? Jrggqﬁ li:]-:t (&S I%Elﬁt gl’?gtl()ll sh %génc‘? 1t 13"3%@@3 134, 136,

and 138, each es ei 7 in Figure
3. Eight r a&mxxflu@qmenmymaw alercatiods4dadd e ﬂtd cfomeﬁimasmli%lﬁ dhianngalrsiabt & of
the inactive cel| and carriers, Fml---FnVAX of an adjacent cell| al

i dentify carPHEHENH AR EROPHMEREC fdhe AP EHY I CHRAT I BGEFEECEdgh em Duri ng

di fferent tiastolSinCUBMBLHCATDMATEIOMN 68191 ahkocRl £ et divifiel i ng

carriers, and resources are not all ocated concurrent1y on nore than one
includes eight time slots, numbered 0-7 in Figure 3. Bight radio frequency carriers
142, identified as RF channels 1-8 of the inactive cell and carriers Fm [-FimMAX of
an adjacent cell all identify carriers identified in the exemplary communication
system. During different timeslots, communication resources are allocated on
differing carriers, and resources are not allocated concurrently on more than one
carrier. The references R1 and R2 are shown i Figure 3 to identify the two carriers
upon which data is communicated in the example resource allocation in which two
carriers are available upon which to communicate data upon any two adjacent time
slots. The indications T and M identify periods during which data is transmitted by
the mobile station and during which measurernents are made by the mobile station,
respectively.

[00043] Resource allocations are made, by the resource allocator 56 shown in
Figure I, to maximize the summ of downlink time slots allocated to a single mobile
station given the constraint that resource allocations are not made on separate radio
carriers during concurrent time slots while also observing the reaction times Tta, Ttb,
Tra, and Trb, as defined in the TS-45.002[2], Annex B specification. The reaction
times, gencrally, 1dentify the time required of a mobile station to get ready to transmit
or to recelve, respectively, before receiving a subsequent burst, transmitting a
subsequent burst, or performing a measurement on an adjacent-cell signal.

[00044] [n this exemplary tmplementation, the carrier/time slot combinations are
sclected In terms of an MATO (Mobile Allocation Index Offsct) scheme by

“scavenging” for available resources according to the following equation:



carrier. The references Rl and R2 are shown in Figure 3 to identify the two
carriers wupon which data is communicated in the exanple resource
allocation in which two carriers are avdifl abl e upon which to communicate
data upon any two adjacent tinme slots. The indications T and Midentify
periods during which data is transmtted by the nobile station and during
whi ch neasurenents are nmade by the nobile station, respectively. [00043]
Resource allocations are made, by the resource allocator 56 shown in

Figure I, to maxinm ze the sumof downlink time slots allocated to a single
mobi | e st at ilany givenst he;cerfstrai nt that resource allocations are not nade
on separate radio1garriers during concurrent tinme slots while al so
observing the reaqyi-op\tipeg Tta, TtH,;) Tra, and Trb, as defined in the
%x‘13 speci'ti cdi'fon. }

identify the tinme Féﬁdpred of a nobilelstation to get ready to transmt or
to receive, Wesmpectively, before receiving a subsequent burst, transmtting
a subsequent burst, or perform ng a nmeasurenment on an adj acent-cel

signal . [0004#fM<Hof pitsb@xenpl ary i npl ementation, the carrier/tinme sl ot
combi nat! ons rar @ 8@l GhEG bOn!FHTRiGhdMAHO (MobITe Allocat ion | ndex

O fset) schene by "scavenging"” for availab g resources according to the
fol | owi ng eqlatiMaximld nidpbddof MidXidtsB, Alonatiane{ 0,1} 'HRda= L A:" i t A

St: it u, _IRE 0, 1 =Ese: 0 VWere: | =tinmeslot nunber R = RF deck
number (bothR?fgﬂgﬁﬁFméHW“E@E&SVéY“iN@VQ“ﬁ@&ﬁﬁﬁﬁ?ﬁﬁWﬁ@ﬁ“@FWFWﬁégPHPQein
al l ocati on NeprmpMexi mum nunber of RF decks avail abl e for sinultaneous

reception in nobile
S, =Radio resource of timestot “¢” on RF deck “R” for mobile receiver

TS- 45. 002[ 2] ¢ Ann (t he reaction tines, generally,

u,, = Utilization of timeslot “t” on RF deck “R” permitted according to the reaction

time constraints (Boolean)

a = Timeslot availability for allocation to mobile downlink (Boolean)

[00045] Figure 4 illustrates a method flow diagram, shown generally at 142,
representative of the method of operation of an embodiment of the present tnvention
by which to communicate data between a set of communication stations in a
communication scheme that provides for mobile allocation index offset or carrier
frequency.

[00046] First, and as indicated by the block 144, communication requirements
required for the communication of the data are analyzed. The analysis is performed
responsive to an indication of a characteristic of the data. Then, and as indicated by
the block 146, communication resources are allocated across a plurality of radio
carriers for communication of the data, the data to be communicated by a wideband
RF transceiver in accordance with the allocated resources.

{00047] Thereafter, and as indicated by the blocks 148 and 152, an allocation
message 1s generated and sent by a sending communication station to a remote
comumunication station that identifies allocations of the communication resources.
And, as indicated by the block 154, the allocation message is used at the remote
communication station to control its operation pursuant to comnunication of the data

across the plurality of radio carriers.



termnal S' = Radio resource of tinmeslot "t" on RF deck "R' for nobile
receiver u,R = Uilization of tinmeslot "t" on RF deck "R' permtted
according to the reaction tine constraints (Boolean) a =Ti nesl ot

avai lability for allocation to nobile downlink (Bool ean) [00045] Figure 4
illustrates a nethod fl ow di agram shown generally at 142, representative
of the nmethod of operation of an enbodi nent of the present invention by
whi ch to communi cate data between a set of connunication stations in a

gg:ﬂ:}Jg; Ca]'E Ir gg ggéc@ly ]e ngwa%f 'mltl(g[(,dlg)lld)bg&))llﬂﬁi&ib ( tgaglbyg(;}cﬂ:é af: e%bﬁzéiit or
Con’ln”uni g at i (ﬁﬂioﬂ“c&qﬁlroeﬁ&ht erd”tf@ﬂllﬂhhg% ol ra&@@ci@t@mflh&%tdkgt@vﬂ{ ¢ Wihen Sat a are
anal yzed. The analysis is perforne responsive to an indication of a

char act er i st [E0dRe frgarairetpted @iboss! Patiderde wyrictinerdglidek 146,
commUn Cat | ONFESRULART R, A SRALGH, ARLATE, &AM ALNGOh ALl o
RF transcei vewt witheut ootickahicalchiyt h t he al | ocat ed resources. [00047]
Thereafter, d as.indicated b | ocks 148 and 152, an allocation
message i s g ‘ePfﬁt‘f‘é)&‘;éﬁ%“@ﬁﬂP% %§ gp?gwm g Al taRlemRnERhE GhvenEon

renot e c?mmm Bk TR inantH??sthoggierﬂ{t'ngéc%ﬁ:ﬂtb@‘gﬁ il 19& d%%L iptiop.
conmruni cat i on resources- An as i ndicate

nmessage is ug@ﬂﬂépbPh@mnbﬁﬁﬁbmvgﬁmmuaﬂc@mmkhy%wémmnwngakmomtroI its
operation pursuant to comuni cation of the data across the plurality of
radio carriers. 15 [00048] Inproved comuni cati on performance of a

hi gh- speed data service is thereby provided. |Increased throughput rates
rel ative to those achievabl e when resource allocations are limted to
those of a single radio carrier is provided. Increasingly data-intensive
data communi cation services are better able to be carried out wthout
noti ceabl e del ay. The previous descriptions are of preferred exanples for
i npl ementing the invention, and the scope of the invention should not
necessarily be limted by this description.

ocation



The scope of the present invention is defined by the followng clainms. 16
What is clainmed is: 1. Apparatus for a network communi cation station (12)
operable to comrunicate data in a tinme-slotted comruni cati on schene (10)
t hat provides for comunication across a, plurality of |ogically-defined
radio carriers, said apparatus conprisinbg an anal yzer (54) configured to
anal yze communi cati on requirenents required for comrunication of the data;
a resource allocator (56) adapted to receive an indication of the analysis
made by said anal yzer (54), said resource allocator (56) configured to

al  ocat e resonnges clfleqss a plurality of radio carriers for comunication
of the data, allocation made in a nmanner to maximze a sumof tine slots
al l ocated to commini catépramugdbra rgiwaeh cammeseuioe stagibh ¢ t3tdperabbomst r ai nt ;

and a w deba di.o freqguen ele adapt e ceive

i ndi cati on o?gmnﬁf%%%.?% ”h%ﬁéwﬁyﬁgg‘ﬁnﬁﬁﬁﬁﬁF@Qgﬁ“V@t&Péﬁ”Igéi&ﬁﬁﬁﬂeband
radi o frequereynelngimEdh actoeS) })Q@ﬁft?lak R pRGN QSR fifteP i AbdrkiYes Ofaid &aatus
carriers, and said w deband radio frequency element configured to operate

in confornltfoﬁwﬂﬁnghe resource aIIocation nade by said resource aIIocator

(56) to transmt qﬁtlﬁ'? g%rg§f§) éor\?;gﬁe an ; 1c§tgon re§ rr(gnllc?l{t%reﬁmrc

apparatus of claiml |S|n oca ron ne erator
(58) adaptedfMUmmemaumﬂmmhﬂkhﬂ&u@at|on of aIIocatlon made by said resource
al l ocator (56), said all ﬁ@gtlon nessa? gener at or é conflgured to
generate an al | o@AEIOHFFC é%@écﬁﬁéﬁﬁ1%&Wﬁﬁ“ﬂﬁémhmﬁéé ep 8hthvaadl vy nvded

resource all @9@&1@"&115@5& (53} sdi Hq%s%ﬁﬁ%ra@lgl:’zﬁopﬁ()?h@ﬂq?ulre tl(kratillagﬁt CQTRELS NG @

baseband part” (24) ad rovi ded W ata to be comuni cat ed
by the netmoﬂ%oq%%nhﬂﬁﬂﬁafwdn)@tamm@m<@m@ywnsaKMwﬁahebamdﬂpmMMxmnmha@uwed
to generate nal resen tive of the data to communi cat ed
bt o provi DEnpd SRuHER s syl 5 TR Gl st PR e e ARS8l onent
(28). 4. Theuﬁ@@ﬁéanMﬁh@ﬁcshﬁmfﬂﬂdmmereln said resource allocator (56) is

further configured to generate a radi o pact conmunication station control
nessage for a wideband radio frequency element (28) adapted to receive an indication of

allocation made by said resource allocator, said wideband radio frequency clement
(28) operable across a plurality of radio carriers, and said wideband radio frequency
element configured to operate in conformity with the resource allocation made by said

resource allocator (56) to transmit data across the plurality of the radio carriers.

2. The apparatus of claim | further comprising an allocation message
gencerator (58) adapted to receive the indication of allocation made by said resource
allocator (56), said allocation message generator (58) configured to generate an

allocation message identifying the allocation made by said resource allocator (56).

3. The apparatus of claim | further comprising a baseband part (24)
adapted to be provided with the data to be communicated by the network
communication station (12), said baseband part configured to generate a single signal
representative of the data to be communicated and to provide the single signal to said

wideband radio frequency element (28).

4, The apparatus of claim | wherein said resource allocator (50) is further

configured to generate a radio part communication station control message for



17 application to said radio frequency elenent to control operation

t hereof pursuant to allocations made by said resource allocator (56). 5.
The apparatus of claim4 wherein values of the radio part conmmunication
station control nessage cause said radio frequency elenent (28) to be
operative to communi cate the data upon the radio carriers upon whi ch said
resource allocator (56) allocates the resources. 6. The apparatus of claim
| wherein the network conmunication station (12) further conprises a
baseband part (24) and wherein said resource allocator (56) is further
coupled to s § : art
comuni cat i o B e R (e o e b
to control oPesativnomatihby eofl respurcEhdoegipaisal.us of claim | wherein said
anal yzer (54) and said resource allocator (56) are enbodied at a radio
resource managenent |ayer of a radio protocol stack defined at the network
comuni cation station ((hhpp&atulbecRRRANM LS Uhlueh BF MclradiBpagi N the data
conprises a plurality of data streanms for conmmunjcation pursuant to a
plurality of Coamaniahmpiaten Faliad arovsage sausardidihdiodiwusadydel enenty2@rioibs
adapted to rg ) r.act ic of ach, of the
plurality of g(gjf‘tz\?esﬂt()%%%ﬁ&hgﬁé llhr(i}er}l dgdplﬂ%rilgpglsa%g garf%‘ltsmpgn\m%’écﬁi?md {cgoumc

resour ces al hidwatedsdy:lbaatds thees@ur@e. al | ocator (56) conprise separate
resource allocations for communication of each of the plurality of the
data streans. 10. The apparatus of claim| wherein resources allocated by
Sal 0 pesource 8 bocal ghe kbRl GOIPILASS IRRAHIRERIALIOLAAhLRRA SIS | 137
one of the plurality of dio carriers during a concurrent tinme od. 18
11. The appatld) Gethef Ccrlnarlmslﬂ)dm&mélpartt(ﬁmrsllvmlhcselarselddeiawmaaobilmpaxm (ﬂﬁe}m

lurality of dio ¢ ers in th ources all ocated by said
PesourceyalIgéi?B?“l?§@fgéW€’qu g&?%&“§8°gé$ﬁﬁ th¥¥ﬁ¥9%b%¥%a%#m¥%e radi o
carriers, ingdm@ufiga@dn $8AST cdrit@] mekdiBe &A1 CARMUE HEEds¥b AR MArSE PEERIIE

radio carriers.
operation thereof.

7. The apparatus of claim | wherein said analyzer (54) and said resource
allocator (56) are embodied at a radio resource management layer of a radio protocol

stack defined at the network communication station (12).

8. The apparatus of claim 1 wherein the data comprises a plurality of data
streams for communication pursuant to a plurality of data communication services
and wherein said analyzer is adapted (o receive identification of a characteristic of

each of the plurality of data streams.

9. The apparatus of claim 8 wherein the resources allocated by said
resource allocator (56) comprise separate resource allocations for communication of

each of the plurality of the data streams.

(0. The apparatus of claim 1 wherein resources allocated by said resource
allocator (56) comprises resources allocated upon more than one of the plurality of

radio carriers during a concurrent time period.



12. The apparatus of claiml 1 wherein the resources allocated to selected
time slots selected as a function both of tine slot availability and tuning
time requirenments of the network communi cation station. 13. An apparatus
for a nobile comrunication station (14) operable pursuant to comunication
of data in a tinme-slotted comunication scthene that provides for

communi cation across a plurality of logically-defined radio carriers, said
apparatus conprising: a w deband radi o frequency el enent (66) adapted to
receive data conmunicated to the nobile comunication station across a

plurali ty of radiqy Car'fﬂc%@ﬁéra?ﬁs%?%ﬁ%lgb v&lﬁ;@éin(’f@m sll(?tgtlﬁddcltfi?ncgﬁ{\(ﬁpttllcan
all ocation nessage received at the w deband radio frequency elenent, the
al | ocati on mpisealge oif deht chyiersgwhoraruthiceedouares all @sioud loesidtesooat dtbcplor suant

to the comunjcat i of the data, the resources allocated. defined across
the plurali t?ﬁ(@faf?éﬂqcawééw?ig?@f? tigsqTath el PESHP TR} M Lsi e 7ok Yanner

to maxi mze @nfWB@toddiRn8Y 0hsh flphReatal dLiGemuni cate the data given a
resource allocation constraint; and a controller (84) adapted to receive

an indication of detections of the allocation nessage nmade by said

detector (82), saiid contraoller (8 configured to generate ont r ol

si gnal responsivelgb théeégP%%¥$8gémHﬁgi “E%ﬁﬁ”ﬁ%?ggFﬁboﬁggﬁ&”?h%ggontroI
si gnal cont r ahlcishgs epesad LonfipktiGabethwif dehanst #adiwlifyreduensy igleement (66) .
14. The apparatus of claim 13 wherein tine slots are defined upon the
plurality of 'sigPBeRigof thanetwork camupetipationstai®muni cati on resour ces
identified in the allocation nessage detected by said detector (82) are
all ocated to selected tinme slots to which the resources are allocated. 19
15. The apparat usidf cliai appiitwstier e hmbilbeosiatumidebeetaadn byd) saédbi deband
radi o frequenc | ement across t lurality of carriers co

i ndependent 8 it @ PagpymCcgEon tgﬁb%?ﬁ@ﬁ tEﬁ‘@P%W%F%@Oﬁﬁ&E%%%%ﬁ%e nobi | e
conmuni cat i ogms/td_%& QN codidhhi GRPPEAS8S: RuRASELARYIRAY e iRR) radfdd WSS gLy sai d
controller (84) is further
apparatus comprising:
a wideband radio frequency element (66) adapted to receive data
communicated to the mobile communication station across a plurality of radio
carriers;
a detector (82) configured to detect an allocation message received at the
wideband radio frequency element, the allocation message identifying communication
resources allocated pursuant to the communication of the data, the resources allocated
defined across the plurality of radio carriers, and the resources allocated in a manner
to maximize a sum of time slots allocated to communicate the data given a resource
allocation constraint; and
a controller (84) adapted to receive an indication of detections of the allocation
message made by said detector (82), said controller (84) configured to generate a
control signal responsive to the detections made by said detector (82), the control

signal controlling operation of said wideband radio frequency clement (66).

14, The apparatus of claim 13 wherein time slots are defined upon the
plurality of radio carriers and wherein the communication resources identified in the
allocation message detected by said detector (82) are allocated to selected time slots

to which the resources are allocated.



configured to generate a baseband part control nessage for application to
the baseband part (68) to control operation thereof pursuant to
allocations identified in the allocation nmessage. 17. A nethod (142) for
comuni cating data by a first communicatign station in a communication
schene that provides for conmunication act’oss a plurality of

| ogi cal |l y-defined radio carriers, said nethod conprising the operations of
anal yzing (144) conmmuni cation requirenments required for conmunication of
the data responsive to an indication of a characteristic of the data;

al l ocating (146), 1kespangiapfarh@sdalasils wIRAEH AW dRPasal i Wﬁ{i@Wi%aﬁcﬁ _
anal yzi ng, resources across a plurality of radio carriers f'or comuni cation

of the dat a, radihEcqadicy elearant egrgsswhe hlumalgy bé ndwicdtdonglisopeleptrident difta a
wi deband radggefrequency transcei ver of the first comunication station

. ams., . . . .
and in a mannef 1o nmaximze a sumof tinme slots to communicate the data

given a resource allocation constraint. 18. The nethod of claim 17 further
conprising the operations of sending g152) an allocati on nessage that
identifies allocaffons Thaderafeiup agclagail g whseriatheonoite emmeeating sasioa
second COmgﬂﬁ%&fngﬂsc%tz\agdsg&ndg@ﬂ (H§ 419 V(fﬂééi}l s%iﬂecoﬁtrl H&ZE%)OIQ fkRgage at t he
second conmuni cation station t control ‘operation Re¥ ed pursuant to
conmuni cat i opodfguidietod@heragcs ssbdndepapd donabl tyssage for agplecadasn td ges al | ocat ed
during said eratjon of allocating. 19. The nmethod (.142) of claim 18
further corrp%s{’ H%ﬁ‘e(%éblélr%tlaﬁo Fatigeheiep| e SepYt 4p %H“é?‘%sdéﬁ&%ﬂ’dﬂ&&i‘b
frequency trangagby8slcs@lel he second comunication station, the w deband
radi o frequency transceiver at the second conmunication station operated
in conformty with the allocation nessage.

17. A method (142) for communicating data by a first communication
station in a communication scheme that provides for communication across a plurality
of logically-defined radio carriers, said method comprising the operations of:

analyzing (144) communication requirements required for communication of
the data responsive to an indication of a characteristic of the data;

allocating (140), responsive to analysis made during said operation of
analyzing, resources across a plurality of radio carriers for communication of the data,
the radio carriers within a bandwidth of operation of a wideband radio frequency
transceiver of the first communication station and in a manner to maximize a sum of

time slots to communicate the data given a resource allocation constraint,

18. The method of claim 17 further comprising the operations of:

sending (152) an allocation message that identifies allocations made during
said operation of allocating to a second communication station; and

using (154) the allocation message at the second communication station to
control operation thereof pursuant to communication of the data across the plurality of

radio carriers allocated during said operation of allocating.

19. The method (142) of claim |8 further comprising the operation of
detecting data at a wideband radio frequency transceiver at the second communication
station, the wideband radio frequency transceiver at the second communication station

operated in conformity with the allocation message.



