1 METHOD AND APPARATUS FOR ALLOCATI NG CHANNELS FOR DATA COMMUNI CATION IN A
RADI O COMMUNI CATI ON SYSTEM [0001] The present invention relates generally
to the communication of data pursuant to a high-speed data comuni cation
service, such as an Enhanced Data for d obal Evolution (EDCGE)

comuni cation service. Mre particularly, the present invention relates to
appar atus, and an associ ated nethod, that allocates comunication
resources according to a Mbile Allocation Index Ofset schenme. Background
of the Invention [0002] Hi gh-speed data services are increasingly perforned
by way of raMETHOOAND ARPARATEUSIROR ALAGOEAIING CHANNESSHORIAAT AN
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comuni cation systens that permt the comrunication of data at high
comuni cation throughput rates. And, with continued advancenents in
communi cat | 0”{6(}%@ ”Pﬂl@ﬁ'eﬁe%t idvERE SV RIB&A senb@lly #Efhe cOMBIRAIRHOSHdia T he
t-hroughput rates 1o be yet further increased. Various high-speed data
servi ces, amursubite adisghespead data vemhumictien edrvicegsuchanimEnlencedipata dorder goi ng

devel opnent , .St ardi zat i and i .ementatipn. An .exepplary data
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for GSM ( GighatioPwsiteiol Dhar¥Ri] 1l HOFBLMIERIMOE) thixadloastd eved signi ficant
| evel s of depl oynment and usage. An extension to the (?eneral GPRS

comuni cat i GAMEBMEsHON rEpaEey Meputiegte dobils AHoatiop Andex\Bifet pehgime; s
presently undergoi ng depl oynent. Data throughput rates achievable in an
EDCGE- capabl e system are significantly higher than those achievable inits
predecessor GPRS system [ 0003Badliroand&bfhdIasentiepnmuni cations pernit data
to be conmuni.cat t . substantially higher data rates,than its, GPRS

pr edecessor, @Og?sﬁ}gﬁ% data S%{fswgl}creaéH@Tsamrf%maaﬂ)afawwf%%ms even
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further to increase the data t%rougrﬁput capagfﬁrltl es of
conmmuni cat i gesnitted tleadaveloament dnd deplegthentafimdinicommniuicatibn systenesithangl vy

dat a-i ntensive . data conmuni cati.on seryices that. are tq be inplenented in
2 EDGE: basmis e ratmiEiton S 43R % RighGoPuiniatiot dpushellmdh A Fifcan
Pat ent appl iceatimRa adlarfembhts # EQfRmenication 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
comrhunication 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 communication services that are to be implemented in an EDGE-based, or other

high-speed, data communication system. European Patent application of publication




nunber EP A093 8208, for instance, discloses a nulticarrier transm ssion
schene that 1is conpatible with the existing GSM system [0004] Existing
EDGE st andard promul gati ons define, anongst other things, the channel
structure used pursuant to EDGE-based conmmuni cations. Channels are defined
upon nultiple carriers. But, due to varigus requirenents, effectuation of a
si ngl e communi cation service using conmuni cati on resources upon nultiple
carriers is presently unavailable due to constraints in the standard
pronul gation. [0005] If a manner could be provided in a high-sgeed dat a
radi o conmumiuoter BR AP §2@inferdnstandel digclynse nhulticarrientednseigson scheme that

tinme-slot/carrier nbi.pati ons. t rfarma comruni cati on service,
i ncreased dd?8m?ﬁ¥§@EWBB?h?%?ég%gﬁﬂﬁéﬁﬁgPraI utilization would be
achi evabl e. [ QO8] Ekistisg EDAER @hddaed plohdgdtidakaemiensinbidsostiit thapsithat t he

significant _inprovenents of the present invention have evolved. 3 Brief
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pursuant to operatjon of_an enbodi nent of the present invention. [0009]
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optional Iy uddchiehiie, frequency hopping. [00011 ] Through operation of an

enbodi ment of the present invention, a manner is provided by which to
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(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 |likelihood of time slots being avail able for

all ocation across a plurality of carriers is greater than the |ikelihood
of time slots being available for allocagion on a single carrier, a
limtation of existing allocation schenes. [00012] By allocating

comuni cation resources across a plurality of index offsets, an increased
| i kel i hood that a contiguous serles such as a block of time slots can be
al located for the performanc&nif Desckaps ' g8 service during a

comruni cati on nti guous. se e timecslots |
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for data comruni cations during a comunication session. And, -even if
conti guous thogitonstheresl. ar e not “al l ocated, increased nunbers of ti rre sl ots

all ocated to ap i i [o30)
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pursuant to Ofgﬁmgﬂﬁ%ngofigﬁg,rgsgmqﬁ{,&ﬁgm a communi cation service during a
comuni cati on session nal yzer determ nes, for instance, the nunber
of tinme slots that are needed to be allocated to the conmuni cation session
to permt the data to be conmuni a1 e dgﬁtmee a set of communication
stations. The determninations made 52 éﬁﬂ-&%er are made, for instance,
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provided by which to allocate communication resources across a plurality of radio
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carriers howsoever logically defined pursuant to a Mobile Allocation Index _Offset
(MAIO) scheme. The MAIQ 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.

[00012] 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 session. 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
a communication session. And, even if contiguous time slots are not allocated,
increased numbers of time slots allocated to a data communication session permits its

completion due to the greater statistical level of resource allocation.




avai lable on different index offsets or RF frequencies, allocations are
made to communi cate data pursuant to the communi cation session within the
time slots of the different index offsets or RF frequencies. Mre
generally, resources allocated by the resource allocator are not limted
to selection of time slots on a single bile allocation index offset or
RF frequency but rather are allocated, when avail able, upon any index

of fset or frequency that the communication stations, parties to a

comuni cati on session, are capable of operation. [00015] In another aspect
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communi cati on
available on different index offsets or RF frequencies, 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 selection of time slots on a single mobile
allocation index offset 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.

[00015] 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 session pursuant to which data is to be communicated. If more than
one mobile station is to be a party to the communication session, the allocation
message is sent to each of the mobile stations. By sending the allocation message to

each mobile station that is to be a party to the communication session, the mobile




session and to the reaction tinmes of the comrunication stations needed to
swwtch to the different radio carriers upon which comruni cation resources
are allocable. [00019] In these and other aspects, therefore, apparatus,
and an associated nethod, is provided for a comunication station operable
to communi cate data. An analyzer is adapted to receive an indication of a
characteristic of the data that is to be" communicated by the first

comuni cation station. The analyzer is configured to analyze conmuni cation
requi renents required for the comruni cation of the data. A resource
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syst ens, ., operabl'e pursuant to operating specl ations at define
[00019] In these and other aspects, therefore, apparatus, and an associated method,

is provided for a communication station operable to communicate data. An analyzer
is adapted to receive an indication of a characteristic of the data that is to be
communicated by the first communication station, The analyzer is configured to
analyze communication requirements required for the communication of the data. A
resource allocator is adapted to receive an indication of the analysis made by the
analyzer. The resource allocator is configured to allocate resources across a plurality
of mobile allocation index offsets or frequencies for communication of the data.
[00020] In these and other aspects, therefore, further apparatus, and an associated
method, is provided for a communication station operable pursuant to communication
of data. A detector is configured to detect an allocation message delivered to 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.




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 Ilimtation. [00022] In the illustration of Figure 1, the
comuni cati on systemincludes a set of comunication stations,

comuni cation stations 12 and 14. Here, ghe communication 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
communi cation station 14 is representative of a nobile station and shall,

at times, shhssegiueltriiscindignesdde confral @peratian abibe lcemytuaidation stEigr ng
operation, either. Og)tilh:at ctommni cation stations 12 and 14 are capabl e of
generati ng EDEE LY BF et uni cation to effectuate an EDGE data service
during a conMQODEZH! Wath thesSindrdther QRRCALHR Hing TRdrbfoRS réfeadd B edstwhdde t6 espect
to effectuation of a _downlink, EDGE conmunication service, i.e., EDGE data
comuni cat edigire Hbat ibusfigior asommusication spyem ghpppegeyerally ¢ fdisi | e station
14. Qperati . Is i i,C in an uplink
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schene including frames that conprise eight tine slots. A maxinmm
transni ssi orcompmEiestionsgstomlsis, qusrable prrsuAnsto onsrasiagsped Beptioppthat define
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time slots w rames I ned-upon-a carr

comuni cat i ahe cahfuaichepdygtknt 00 istfbeprpodes bf egilamtion bnlyad n6D6E dat a
thereon. Theoretically, all eight time slots of a frame can be allocated to
a single coifmi@tio®ati on session, thereby pernitting a naxi num transnission

~rate of [00022] In the illustration of Figure 1, the communication system includes a set of
communication stations, communication stations 12 and 14. Here, the
communication station 12 is representative of elements of a network part of the
communication system and shall be referred to, at times, as a network station 12.
And, the communication station 14 is representative of a mobile station and shall, at
times, subsequently be referred to as a mobile station. During operation, either of the
communication stations 12 and 14 are capable of generating EDGE data for
communication to effectuate an EDGE data service during a communication session.
Operation shall be described with respect to effectuation of a downlink, EDGE
communication service, i.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’ is 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°.




473.6 kb/s (8*59.2 kb/s = 473.6 kb/s). However, in actual practice,

all ocation of such a large nunber of tinme slots on a single carrier, or,
nore generally, a single nobile allocation index offset or frequency is
unachi evable. Qther operating requirenments of the EDGE GPRS/ GSM syst em
necessitate that a nobile station make various neasurenents, such as
nmeasurenents that are required to be taken on signals broadcast in

adj acent cells, i.e., cells adjacent to the active cell in which the nobile
station is positioned. The operating specification, TS 45.008 &2] and TS
45.0002 [2], [0802HXxTE: espemihigationdsydefr mwraieerinaﬁenerelfcoml&&métyrm’ﬁs enents.
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to station is positioned. The operating specification, TS 45.008 [5] and TS 45.0002 [2],

Annex B specify and define certain of these measurements. Additionally, due to the

multi-access nature of the communication system, communication services, both data

and traffic services, are performed by other communication station sets. Competition

for communication resources limits the availability of contiguous time slots that are

available to be allocated to effectuate a communication service. If, for instance, there

is a sixty percent probability of availability of a single time slot for assignment, the

statistical probability of six contiguous time slots on a single carrier being available is

only 4.67 percent. And the probability of eight contiguous time slots on a single

carrier being available drops to 1.68 percent. Even putting aside the limitations due to

the need of a mobile station to make measurements, there is a statistically small

likelihood 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.




whi ch user application data is applied by way of the line 22. The user
application data is for comunication to one or nore nobile stations
pursuant to one or nore EDGE comruni cation sessions. The radi o protocol
stack includes various logical |ayers including a radio resource
managenent (RRM) |ayer. [00025] The netwprk station further includes a
baseband el enent 24 to which data 1is provided, here represented by way of
the lines 26. The baseband el enent perforns various baseband operations

i ncl udi ng baseband processing, nodul ati on, and channel coding. [00026] The
networ k part 08241 fib¢ eldwents of i conehiegrestion3ditipos ltharshl 4 are fighwtianally

applied, here b y qf the lin 32. radio ele t. is forned, at |east
et tonal | verstent e aps Bimed B fidSonal Solehts P maiaLe ety PFahscei vers
are shown imarnge Addtomallyedblle e fhéifdhal demontphRAeproseafedadididathtr ansducer
36 that transduces the data into electromagnetic formfor comrunication to

the nobi | e sthysipddocationsatarhihthe elementoge inmeduesdiaptberinp cammenh&@r ment  of
the present SxINBI [ Menh SRR G b@HonS ot Ré}m%ﬁ%étkﬁ(%uhh?in AGLHEes 2
mul ti-carrier r O resource contro ogl ¢ el enent . e ‘element 42 is

at | east funmwkitoned hty selepgkidabldchod, 2., ait pbadeatdkceiierstatid® of theepr esent ed
by way of the lines 44 and 46, to the baseband el enent 24, here .
repr esent ed DSYVeRPaBs Rafher. theelsments of thenstwork statignoinong yeplemsatating, g

ted fy ' ' ' th
;leg;rgﬁ ten4§ iﬁ*gh%%% ?@gn%%dré E}gﬁoﬁg lochflor @ﬁc%%galeaaaxe frﬁ.‘i{é!c& ldnoRg t he

t a radi o resourcde nanagenent [ogical Tayer.
[ 00028] The atalbhse stationi centroldeti dhe estunrk statiomincbide$ agidio plogrehitacknd tedes an
anal yzer 54, .a resource all.ocator .5 and l | ggation nmess . gener at or
S5 The anal YEh v SBpIePaGh IRE SRRy P e et 08 SHRPNETed b
conmmuni cat ediaByisfheconfhWREHioR3s bné Br Mord MBbileEstfIoAk bARuA IS BANGr thére
ef fectuation of a comunication service during a Ccomunication session.

The i ndi cat i BPGBfcommeuni¢ation sessionst The tdipriotnsel stéckringlndesansieus logisal anpunt

of data that; is t e Cco nicated. or Sonemt of indicia that through
anal ysi s by lfl%eés gﬁgﬁ%nz%ar%rrﬁﬁug?ﬁgna&gmﬁﬁkg%ﬁ@ I equirenents to
comruni cat e t [(®028AThe hetwoek statdry Bether inoidesd baobandfeldnint anad which daey f or med

by the analyzer are provided to the resource allocator._ The resource
al | ocat or alif groyided, hérs sepressnted hyavpy of the lines 26. The baseband element performs

various baseband operations including baseband processing, modulation, and channel
coding.

[00026] The network part also includes a radio element 28 to which the data is
applied, here by way of the lines 32. The radio element is formed, at least
functionally, of radio frequency transceiver front ends 34. N transceivers are shown
in the figure, each of which is coupled to an antenna transducer 36 that transduces the
data into electromagnetic form for communication to the mobile station, or stations
14.

[00027] Pursuant to an embodiment of the present invention, the communication
station 12 further includes a multi-carrier radio resource control logic element 42.
The element 42 is at least functionally coupled to the radio protocol stack 18,
represented by way of the lines 44 and 46, to the baseband element 24, here

-.represented-by-way of the lines-48-and-to-the radio-element-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.
[00028] The multi-carrier radio resource control logic element includes an analyzer

54, aresource allocator 56, and an allocation message generator 58. The analyzer 54



upon the analysis nade by the anal yzer together with indications of data
scheduling information. The communi cati on resource allocations are made
across a plurality of Jlogically-defined radio carriers according to a
nobil e allocation index offset schene. 1In the exenplary inplenentation, a
time slot and radio carrier, defined in gerns of a nobile allocation index
"~ offset, conmbination is provided for each of the allocations. Depending
upon the capabilities of the conmunication stations that are to be parties
to the comunication session in which the data is conmunicated to

ef f ect uat e trheeivesandieations vt te ds‘arthﬁttcimo behwnahtiwcaied bnnéleimwmldemtt to@ slots
all ocated on q)k ?rent cartrt g[s Qgit:urrent ttmes % he nunber of
radi o carri dPEORESHOL REFaN ecr&?tfo 3 SRETP R GEVIS gflg%adependent
upon the capaRichidiéEion éssione ThHE MM Pitioatof et ch%ia%ﬁe'n@ﬂ"@corﬁ%‘ise@rfoﬁnkt@ﬁ&t lon to
be permtted, the communication stations must further e capabl e o

comuni cat i e @EmOWﬁ@fﬂﬂté(&hfém‘tty? bsfeoptpunieatieds ot same ape offindicid thetthrqughs nade
by the reso > [g[ R |

ncl cat i ons W0y CURLRLForti e RSP AR R E b cats pe o

| ogi c 42. [Qﬁﬂﬂ%]be@ﬁﬁl@téﬂ Iﬁ&@&t&gﬁ%f&[@@@@ﬁr@ﬁeﬂnﬁ’b}tﬁm ahslgputage al | ocat or
and provided to_, the radio protocol stack, the baseband el enent, and the RF
el ement to dzsﬁwﬁ%fi tqth%rqsomaﬁéu%&amn Tihﬁ resghircs 2Hpgajonallpeatestesorees batedon of
resources ?)( ﬁ(sfyrh fie adifl eﬂﬁ}mlﬂélcﬁﬂﬁ%?‘&#ﬁ%ﬁ%&ﬁ ources
is also provided to t’he a o ation ss ge generator € Mmess

generat or genfrabien. aTheedohmnmﬁbmimnmmmellh)hﬂionb srepnael ades a pluralitg ocﬁr nor e

of the RFtrans ers . 34..of the RF lerrent 8 comyupi cat.ion.to the
Tobi 16 <t at | GROA-SFHed agHO CHE Ao CoR IO GmetRls DPFORAUTOR LIS nat
contai ns valmege é;éﬁﬁﬂarwlh?&r&eﬁ@uahlmﬁ&%t mqufo%ﬁaert&%e@meﬁn%mlon i s
made aware of the allocated resources. [00030] The nobile station includes
structure anaobabwlgcatwnsndmﬁﬂeé combiration & movided & ga¢hoof theallacationse r ecei ve
chain porti shown. The e a

el Udbs. an Beeeiina PR e editi ot e B Baibh R s B o R BletBer 6,

and a radi o tpied @pghusit@ii sédionlineviitth HelRIt cofflubiiatd do pifett@dte the of RF
transceivers 76 sinmlar to the transceivers 34, are operable at different

carrier fredf@steEeationgevE, thepHacatiops inslugle dimeosiots plecatedcm diEfgreat
mul ti-carri e«{arr'itﬁghtocolh‘éﬁ? t‘ﬁf‘neﬁOg\&g,géhe?k&%ﬁ%ﬁhﬁ%%e@aows%Mﬁéﬁth 0 an.

enbodi nent o e present inven enment
allocations are made is also dependent upon the capabilities of the communication

"'U

o

stations. For an allocation to be permitted, the communication stations must further
be capable of communicating at the frequency of the radio carrier. The allocations
made by the resource allocator are also dependent upon such criteria, indications of
which are further applied to the radio resource control logic 42.

[00029] Control messages are generated by the resource allocator and provided to
the radio protocol stack, the baseband element, and the RF element to control their
operation in conformity with the allocation of resources made by the allocator. An
indication of the allocated resources is also provided to the allocation message
generator 58. The message generator generates an allocation message that is provided
to one or more of the RF transceivers 34 of the RF element 28 for communication 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.

f00030] 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




I ncl udes a detector 82 and a controller 84. And, the radio resource control
|l ogic elenent is coupled, at |east functionally, to the radi o protocol
stack by way of the Ilines 86 and 88, to the baseband el enent 92, and to
the RF transceivers of the RF elenment by way of the lines 94. In the
exenpl ary inplenentation, the el enent 7§_is enbodi ed at a radi o resource
managenent | ayer. [00032] The detector ? operates to detect the allocation
nmessage sent by the network station to the nobile station. The detector
extracts values contained in the allocation nessage, or otherw se

i dentifies tstationdmeudes entantenna easdnee $4ad11 RE alepwnt &b, atbhecbendehgmiestats, on

session to cQ ni.cate the rsyant to.effectuati,on )

communt cat | oS 8aryp Pesloqsl st v, Bt RARmtf i Loy oEREBwresir o ¢ ne
control | er 8. siuMlgh tolthetraRodivak Bar ard Ppérable at diffefeRDédrAbr BRREASEQN Of the
nobile station so that the nobile station receives, and operates upon, the

comuni cat ed P4031] Themobdestatben dpo inchdes pmultrcariccBdiorarenie]l ons of

t he various gl. ' atjo 0 t Ef’i‘gil

el enents ar elgéggfegrgﬁ%te?gaPﬁl{gﬁ%qgér)opgnrlbﬁl%{g ({}Néﬁ?%rg%?l\%ﬁf%e 'c;l;l{%gelcom‘rg%i cat ed
over the di fiheludasta dedgctdred2sind [aQ0RBScr B4gwird, theirhditi s¢soadce soraldgpgiesent at i on,
shown generally at 122 copmuni cation resource all ocations de for the

of )
comuni cat i hetBgnt igoapledy atdeast Tangtionallyy terthe rdis pratpcehttesk hyekay offthe ne
present inv ' ' ' izve TDVA
Framoe. 124, b0 and 06 S5 SR BS ALl UL 4 GRERE & ER AP
nunber ed 0- Elenking by waydif the lireg 9dn dy theaxemplasy hiflementatin, theedleraent RE ichannel s
1-8 of the ir%tivag ce(i.l and carriers FMI - FM MAX of an adjacent cell
al | identifyMeogiedialpdadio uesppner BHNPEERIRE [a¥b npl ary conmuni cation system

[00034] Her e, [dobg2mPhE iste&tbPS? Skrhtss oARad MeQilobRBAInYdsBbedahidyaREMUNI cat ed
on three RF carriers sinultaneously. Conmunication resource allocations

are nmade, tisdvekstationfp the mohilestntionr Tihadetepiar extrastsdatugs Bentaipadrimthe at ed

upon no nore.th three cartiers .duri n art.icular ti 0 he
o er onces. roORbn' b Siac, S20uS 4 AL RRiEs ot Ao B 1 ce
carriers, dehéBRAmuAGhEE] deysidl ROfomgnitae it dWA farduibnt SCTROBIatioPeMa Whi Ch
data is conmuni cated to the nobile station during any particular tine

slot. The i rrOMEBETieRHONForrife- MAgtertinns mpdply thedlsteaior pirgprowirehtodBea i s
transmtted o iofidsaTofld, hetofttb®d dParhediHs bORMBbERSPAAHE FERIE Stafib MRAE

by the nobile 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 to ensure that the radio elements are operable at the proper times to receive thé
data communicated over the different carriers.

f00033] Figure 2 illustrates a representation, shown generally at 122, of
communication resource allocations made for the communication of data pursuant to
operation of an embodiment of the present invention. The representation illustrates
three successive TDMA frames 124, 126, and 128, each of which includes éight time
slots, numbered 0-7. Eight radio frequency carriers 132, identified as RF channels 1-8
of the inactive cell and carriers FM-1 — FM-MAX of an adjacent cell all identify
carriers identified in the exemplary communication system.

[00034] Here, the mobile station is capable of receiving data communicated on
three RF carriers simultaneously. Communication resource allocations are made,
therefore, with the constraint that the data be communicated upon no more than three
carriers during any particular time slot. The references R1, R2, and R3 are shown in

the figure to identify the three carriers, defined logically according to an MAIO




[ 000351 Resource allocations are nade, by the allocator 56 shown in Figure
1, to maximze the sumof dowlink tinme slots allocated to a single nobile
station given the constraint that the nobile station receive data on no
nore than three carriers during any single tine slot while al so observing
the reaction times Tta, Ttb, Tra, and Trb, as defined in the TS 45.002
[2], Annex B specification. The reactlon tlnes general ly, identify the
time required of a nobile station to get ready to transmt or receive,
respectively, before receiving a subsequent burst, transmitting a
subsequent Sl@lurmsft up@m Wbmhfdatm romaumicatadrte thsrmolile ﬁatloacﬁuaus any patirulet gnal .

[ 00036] In the | a t.at.bon.. carrier/.ti nbln ons are
selected in néersms 0 em %S%ﬁéd%tﬂf%gg?m%ﬁupﬂ%gx (%dfg ?rans (?ma sl ot
conbi nat i on Hgpthe ﬁﬁ)@ﬂ@ﬁl@h(ﬁlgﬁncf &m:@mlblahie@swaﬁ@m ﬁesnaﬂ%grmh Mgbil Osthiieh.
followng equation: Nt N MAX | | StRUR; UE {0,1} (=1 R=1 St: u {'
(- {{'" [ f B003k Resourqeallogqtions argmadg, byﬂle/all)ocqw&%lshoansle Figuse Wyler e:  t
=timesl ot nyghe $ﬁ; t
Maxi mum nunber lélégtﬁeﬁﬁ?gfg I'n 8 océ}?%oﬂok%t@&@aé?ﬁu%okgg gfﬁ@%gv%}: decks
‘avai | abl e fadhe eomhmaﬁﬁoﬂm m«ﬂﬁie}stameﬂ r¢d&1vrmia'tdcemd o1 thad thige, cagiddadi o
resource of fimeslot, "t" RF C % far b| | e recei yer

e e pbse

R =
Wilization g ARESgle e SIghy rsmga G ractienizmes STy b 2ffle
reaction tifp, SORFhEQRINtHS ﬁs%cdoé }A@rﬁne sg%a}ﬁeéqu%@@achbﬁ YorleQ)
ean TOO

al l ocation to nobil e downlink (Boo Because the resources are
not |imted geoealinsderdifpiticabheraqpived af simopllestatar toi gt reaéy sutipatsemitaral | y
| ncreased porggelntf)é lrés%gctlvely, ggfloreargltewmé aosilbsce(():_[u %Im(_: ? transmlttlng a subsequent

burst, or performing a measurement on an adjacent-cell signal.

[00036] In the exemplary implementation, carrier/time slot combinations are

selected in terms of an MAIO (Mobile Allocation Index Offsct) and time slot

combination by “scavenging” for available resources according to the following

equation:

Nt Nr

MAX : ) S pute;u € 0,1}

t=1 R=1

P e PN A A A A A

t:u=
Else: 0

Where:

t =timeslot number

R =RF deck number (both transmit and receive)

Nt =Maximum number of timeslots in allocation

Nr = Maximum number of RF decks available for simultaneous reception in mobile
terminal

S,z = Radio resource of timeslot “t” on RF deck “R” for mobile receiver

= 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)

[00037] Because the resources are not limited to those available upon a single

carrier, a substantially increased possibility of availability of communication




12 resources to effectuate communi cation of data is possible. As

EDCGE- based, as well as other types of, conmunication services are

i ncreasingly data-intensive, the increased availability of conmunication
resources pernmts data to be conmunicated nore quickly than that
conventionally available. [00038] Figurgs3 illustrates a nethod flow

di agram shown generally at 142, representative of the nethod of operation
of an enbodi nent of the present invention by which to comunicate data
bet ween a set of communication stations in a comunication schene that
provi des f orregemies éo efif¢ctense ¢ammpnigetiorodfidata is pesside. rAe EDGE-bapgdrasywell 00039]
First, and | k 144 connunl [e]1) | penents
reqU|red fo%gpﬁﬂgéﬁ%ggﬁlc%?j@%mg?n ML gqﬁﬁ?ﬁﬁ%ﬁ Ma &$ﬁ§ a%aly5|s is
performed rigGgpaes availabilitaof tdtinaaichtidh Rbodcdpafits dﬁ’ca ﬁib&coﬂfmtﬁﬂi&tdﬁt a.
Then, and as indicated b t he bl ock 146, conmmunication resources are

al | ocat ed adp@ésuick bﬂhﬁ%\&aﬁ goryentionsly aveilable. er s for conmuni cation of the

dat a. [ 000401 o6t s nRRth@sa ARG kSl B A8 152, an

al I ocati on ssa e I's generated and sent a sen ni cation
station to aepressitativagf theanethod chdpepatioataftah@mbbliaient oftht pfdses iavdntiomt i ons
of the co I ca on resources.. _And, as indicated by the block 154, the
al | ocati on s‘@a@% q OTgRRRICHE dppePiseaiANhe! CORBMRIFALEASTEATS YA | on 1 o

control its QpfhdiédidnRMARL revﬁ@sntwm&%'aﬁ&a%ntﬂtﬁx%ﬁfsa or@&hResS the
plurality of radio carriers. [00041] Inproved conmmunication performance of

a hi gh- speedregmtacyservice is thereby provided. |ncreased throughput rat es

relative to t hi.evapl e n,,.resaurce, al locations are linmte

those of a s NOTEoF EpCHERandaRg by RECHEGE A PR PLLER ST SuaeBn St enei ve
data conmunigqditddfos &k \Cbf@funadabioR 6f tRIdatir€ alflyRR8. THE hhgkis Rperfoihdput
noti ceabl e delay. [00042] The previous descriptions are of preferred

exanpl es f orresnepsizeinma mgdicatien of chamatesistic ghtherdata. dhep.eandras fnfhicatedlsht i on
shoul d not QEfﬁﬁﬁﬁﬁhkyu uuh%&%&ﬁ?ﬁgﬁg%?@%aﬂggﬁg &E&%%ﬂ%@%ﬁ@wﬁggﬂg of the

present inventionis 'S clained
1S carriers for communication of the data.

{00040] Thereafter, and as indicated by the blocks 148 and 152, an allocation

message is generated and sent by a sending communication station to a receiving
communication station that identifies allocations of the communication resources.
And, as indicated by the block 154, the allocation message is used at the receiving
commutlication station to control its operation pursuant to communication of the data
across the plurality of radio carriers.

[00041] Improved communication performance of a high-speed data service is
thereby provided. Increased throughput rates relative to those achievable when
resource allocations are limited to those of a single radio carrier is provided.
Increasingly data-intensive data communication services are better able to be carried
out without noticeable delay.

[00042] The previous descriptions are of preferred examples for implementing the
invention, and the scope of the invention should not necessarily be limited by this

description. The scope of the present invention is defined by the following claims.




1. Apparatus for a network comruni cation station (12) operable to

communi cate data in a tinme-slotted comuni cati on schene that provides for
nobile allocation index offset carrier frequencies at data rates greater
than data rates achievable in a CGeneral Packet Radi o Service system and
using frequency hopping, said apparatusconprising: an analyzer (54)
adapted to receive an indication of a characteristic of the data that is
to be conmuni cated by the network communi cation station (12), said

anal yzer (54) configured to analyze comunication requirenments required for
communi cat i oWhat iscchedmgdiiss and that permits dynanic resource allocation; a

resource allocator (56 | i-ndj i anal ysi s
made by said analqyzer ‘%@%gﬂ’? s;ig)?ahrgtggoggr%élé&éﬁ fb(%{éga}} %)tg&%r‘s@?) @é)eﬁ%bﬁghor ed to

al | ocat e r esoimmoetcateddtnada tielstotdd comnaunidativAkdtcihedhat Pobiide faf mobidd i on

i ndex of f set across a plurality of radio carriers for comruni cati on of
the data; a 084?10&I1P@Fd‘a‘%f?56h0%%r et dagrates gieater Han datarafcs ecei ve an

i ndi cation ofy,;-0ld106A GQﬁErM%k&M}a%% S REQWGGH aftl h&ﬁghleglﬁnégﬁb?pi @i d

al I ocati on nessage generator contigured to’ generate an otat1’on nessage
i denti f yi ng skhiepghtatsabinprisimgde by said resource allocation. 2. The

apparatus of claim1 wherejn ti | ot.s are, defi ned upon the lLurality of
radi o carriers and mhé‘lnéﬁnﬂfyiz?féjs‘?ﬁ@%ﬂtreéé%reéﬂvﬁéﬁﬂ%ﬁcw Y P&ﬂ"fr@%tgﬁﬁt@é)f
al | ocator (3R dah %a?is' 18 bR B RhnluRi Bfddan! e nbtwdek édrﬂxhﬁni@&tidrﬂ@at{&g'ltg sai<_i|_ H

allocation index offsets to which the resources are allocate

appar at us ofanglyzéntS4) eundiguicd to hralyes comrunicationnequateingntsgegtifedrior ( 12)
conprises a radio.pafrt 8) .. havi r adi | ements operable at the plurality
of Tradio cspRraieRioh st BRI bl A ERa FodE afkelef ol I'ocht o5t he
resources. 4. The appal@idificediliochdl (563 abkiRébioteSedvehr ia8iRbidiCofaht ocat or (56)
is further configured to generate a radio part conmmuni cation station
control messagkysisaradedyspidanelyser ©6), s#d resgurcs ajasator(58) candigesite of

operation ther . I . e | ocat or
(56 10" 5 ERRACLBUERUAA et if)ori BEh BB PRFGpHe PRl PROM B Tt

comuni cat i arerass atphoality@ftadid carEssdgpecaanaicitivg ofalk dutpantd (28) to be
operative to

e

an allocation message generator (58) adapted to receive an indication of
allocation made by said resource allocation (56), said allocation message generator
configured to generate an allocation message identifying the allocation made by said

resource allocation.

2. The apparatus of claim 1 wherein time slots are defined upon the
plurality of radio carriers and wherein the resources allocated by said resource
allocator (56) are allocated to selected time slots of the mobile allocation index offsets

to which the resources are allocated.

3. The apparatus of claim 1 wherein the network communication station
(12) comprises a radio part (28) having radio elements operable at the plurality of

radio carriers across which said resource allocator (56) allocates the resources.

4. The apparatus of claim 3 wherein said resource allocator (56) is further
configured to generate a radio part communication station control message for
application to the radio part (28) to control operation thereof pursuant to allocations

made by said resource allocator (56).




communi cate the data upon the radio carriers upon which said resource
allocator (56) allocates the resources. 6. The apparatus of claiml
wherein the network commrunication station (12) conprises a baseband part
(24) and wherein said resource allocator is further configured to generate
a baseband part communication station coptrol message for application to

t he baseband part (24) to control operation thereof pursuant to

al l ocati ons nade by said resource allocator (56). 7. The apparatus of claim
1 wherein said anal yzer (54) and said resource allocator (56) are enbodied
at a radi o resourxse neffegepaatusjodgkimdiwhkereindalmepeoithocastio pat ack defi ned at

the first comuni cation station, 8 The a r at.us of im1l wherein the
data conpri St gm%lunﬁ aEtJlP glsﬁfvn(‘f@%ﬁo&t‘%essasgtercglé%ﬁ? Wloc%%g @’abtel %’ﬁ%ﬁ’? gouant to a
plurality ofcogdiehicddThelia@aipol TSR GBiSers apsh Whith 84 réddgrdentbeatdr (86) of t he
characteristic that said anal yzer (54) is adapted to receive conprises

identificatidqcases thegepareees-eri stic of each of the plurality of data
streans. 9. The apparatus of claim8 wherein the resources allocated by
said resource allocator (56) conprise separate resource allocations for
communi cati on of 6.eaciefapph@tplofichiintlywldrein e tawarksiohemircatib@ stafibe
apparatus of claim] wherejin yesources_allocated by said res_ohjyr‘%.r(%}gqr ]

t he

al l ocat or (9% CoMIFSREaTRYM RS AMbYRETER oSBT oRaipr 1§
plurality Ofconﬁgliﬂ‘e@ td 8&del L & b%ﬁbﬂg@oﬁﬂgﬁﬁﬁ% s&lzletgﬁ cBREb1essdgk- forld N€

apparatus of claim 10 wherein tine upon the DPlurality of
radi o carri eapplicativerteihe hakeband par (2930 abitod apedtitry themioflpussatitee al | ocat or

15 (56) are.allocate 0 selected ti S s of the radio carriers,
i ncl udi ng ataula(l’g%f’sotnsﬂegletbyis SRR @8%&?&%5“ |y upon separate radio
carriers. 12. The apparatus of claim 11l wherein the resources allocated to
selected tine slots selected as a function both of tine slot availability

and tuning time Tequithempegtusfolclimievimsein seidramalyeadptomdserliiesmiree1 3. An

communi cat i ey ORGR. ErABUUGR Ao RShisRRihiedn PRV B Bl el 1°

stack defined at the first communication station.

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 the indication of the characteristic that said analyzer (54) is adapted to
receive comprises 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.

10.  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.

11.  The apparatus of claim 10 wherein time slots are defined upon the

plurality of radio carriers, wherein the resources allocated by said resource allocator




provi des for nobile allocation index offset over carrier frequencies at
data rates greater than data rates achievable in a General Packet Radio
Servi ce system and using frequency hopping, said apparatus conprising:. a
detector (82) configured to detect an allocation nessage once broadcast,
and delivered to the nobile comunicatigm station, the allocation nessage
i dentifying comruni cation resources allocated to the nobile comrunication
station (14) pursuant to the conmunication of the data, the resources

al l ocated the nobile conmmunication station (14) defined in ternms of a

plurality of>®r¢ plocgtadde seleeted timgaslots @fthséngo easrigrssinglugingableastywet radi o
carriers; a eive an indication of
det ecti ons Q&fslﬁ@%é@%&gﬁﬂg&ﬁﬁsegg%géﬁagl SAld gont roller (84) configured to

control operation of the nobile comunication station responsive to the

detections nmade by sai d detector (82). 14. The apparatus of claim1
wherein time slotld- ar dheAPPHaYS aheNIrh A Wheraw thejrespurses aliepateddta selpetpd and
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detected by sal et ect are all ocate to se slots

whi ch t he r esqureoestsarfehahdtwoskt @iomddicatitnestaippar at us of cl ai m 13 wher e| n
the nobil e comuni cation station (14) conprises a radio part (66) having
radio el enents operable at the plurality of radio carriers across which

comuni cation resgur Cegy giRrdteleRt hﬁﬁcﬁ:ﬂe'cﬂm&ﬁl&&hb@@tﬁﬁé@ﬂﬂ Bpsaiee detected
by said detector (82) to be allocated. 16 . The apparatus of claim15
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station TEI’I ses a baseband part (68) and wherein said controller (84) is
conf

further eRQY hoppingesadd aRRATHULEIBHEIE part cont r ol message for
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for conmuni dabadegstdatdalchyerad nethemidbile@omumini@tion Station, the allocatlon message
identifying communication resources allocated to the mobile communication station
(14) pursuant to the communication of the data, the resources allocated the mobile
communication station (14) defined in terms of a plurality of mobile allocation index
offsets across a plurality of radio carriers; and
a controller (84) adapted to receive an indication of detections made‘by

said detector (82), said controller (84} configured to control operation of the mobile

communication station responsive to the detections made by said detector (82).

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.

15.  The apparatus of claim 13 wherein the mobile communication station
(14) comprises a radio part (66) having radio elements operable at the plurality of
radio carriers across which communication resources are identified in the allocation

message detected by said detector (82) to be allocated.




station (12) in a time-slotted comuni cati on schenme that provides for
nobile allocation index offset over carrier frequencies at data rates
greater than data rates achievable in a General Packet Radi o Service
system and usi ng frequency hopping, said nmethod conprising the operations
of analyzing (144) communication requirggents required for communication
of the data responsive to an indication of a characteristic of the data
and that permits dynam c resource allocation; allocating (146), responsive
to anal ysis nmade during said operation of analyzing, resources across a
plurality of radild. carlhcapparhims of chainui b ediciabmsad cortellgntds) is furtbergener at i ng

(148) an allocation nessage identifying,the allocat,o d dyring said
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al l ocations nmade during said operation of allocating to a nobile

comruni cat i G%S8388%t i on; and using (154) the allocation nessage at the nobile
comuni cation station to control operation thereof pursuant to

comuni cation of the data across the plurality of radio carriers allocated
during sai d oper dt7l on Tie apbarattdbof bigim 13 wherein the mobile communication station

comprises a baseband part (68) and wherein said controller (84) is further configured
to generate a baseband part control message for application to the baseband part (68)
to control operation thereof pursuant to allocations identified in the allocation

message.

18. A method for communicating data by a network communication
station (12) in a time-slotted communication scheme that provides for mobile
allocation index offset over carrier frequencies at data rates greater than data rates
achievable in a General Packet Radio Service system and using frequency hopping,
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
and that permits dynanﬁc resource allocation;

allocating (146), responsive to analysis made during said operation of
analyzing, resources across a plurality of radio carriers for communication of the data;
and

generating (148) an allocation message identifying the allocation made

during said operation of allocating.

19.  The method of claim 18 further comprising the operations of:
sending (152) the allocation message that identifies allocations made
-during said operation of allocating to a mobile communication station; and
using (154) the allocation message at the mobile communication
station to control operation thereof pursuant to communication of the data across the

plurality of radio carriers allocated during said operation of allocating.




