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
apparatus, 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
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comuni cation systems that permt the comnunication of data at high
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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 [0003] Mhil&o s des@GYUNi cations pernit data
to be communicated at substantialTy nhrgher data rates than its GPRS
predecessor, dalf®03krNigheseat datbesrvivbnare inaerirehy pofpated bytwashefaadie even
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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
communication service, referred to as GPRS (General Packet Radio Service) for GSM
(Global System for Mobile communications) has achieved si gnificant 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



data communi cation services that are to be inplenented in an EDGE- based, or
ot her hi gh-speed, data conmuni cation system European Patent application
of publication 2 nunber EP A0938208, for instance, discloses a
multicarrier transm ssion schene that 1is conpatible with the existing GSM
system [0004] Existing EDCGE standard promyl gati ons defi ne, anongst other
things, the channel structure used pursuant to EDGE-based communi cati ons.
Channels are defined upon nultiple carriers. But, due to various

requi renents, effectuation of a single conmmunication service using
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due to constraints iﬂ)the standard pronul gation. [0005] If a manner coul d
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present invention. Detailed Description [00010] The present invention,
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that facilitapggagomsuni cation of data pursuant to a high-
[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. [00011] 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 bile Al ocation Index 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 |ikelihoodBdtf Beseeipsiontos theDpgwinyai | abl e for
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the greater statistical |evel of resource allocation. 4 [00013] In one
aspect of the present invention, the network part of the radio data
comuni cation systemincludes an anBeipiled Desertiptiom| yzes conmuni cati on

resource requifheeRNtBL : : rW.seqreguested to,. be praqvided
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frequency hopping.

[00011] 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
(MAIQ) 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 comimunication 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.



the anal yzer are nade, for instance, on a frame-by-frame basis, on a
communi cation session basis, or upon another basis, all in a manner that
permts dynam c resource allocation. [00014] In another aspect of the
present invention, the network part also includes a resource allocator
that allocates resources to permt the co nication of the data during a
comuni cation session to effectuate the co ni cation service. The
resource allocations are made, e.g., responsive to analysis of the

comuni cation requirenents. The resource allocations are nade across a
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[ 00015] In anot her aspect of the present 1nvention,” a nessage generator at
the network gammugEsEaddetsecan s pbeainonicatissdgeushahe detetmidesonsahadeshy

identifying t i.0 ources allocated to conmuni cate.the data
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to a nobile statian that Is a party to the comunication ‘session pur suant

to whi ch dat a2ieafigihe communicated. If nore than one nobile station is to
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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 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
cominunication 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 sessioh. 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



during the comunication session. [00016] The nobile station includes a
detector that detects the allocation nessage, once broadcast by the
network part to the nobile station. The detector ascertains the values of
the allocation nessage thereby to identify the allocated resources. [00017]
The nobile station also includes a controller that controls operation of
the nobile station in response to the conmuni cation resources detected by
the detector to be used pursuant to the conmuni cation of the data. [00018]
Conmruni cation resources are allocated in a manner that facilitates
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[ 00020] In thggso3ad4QL ek ef or further apparatus, and an
associ at ed metﬁrgd, et gﬁgﬁggﬁiﬁf%pfgh%%aﬁ%ﬁﬁfgézp%lhuryaﬁqo&{s gfoabl e
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al | ocati on nessa to the conmmunication station. The all ocation

.. delivered
message i dent T'FY ggtllglg ﬁlﬂ%ﬁ[%fﬁeg Aot 1B samepwicatipn sesaioadvithin theeconstainiiofat i on
2l focated are gl aont o oA e AE bR nan i RS fiERcd R 2@
sesston and to the reaction times of the communication stations needed to switch to
the different radio carriers upon which communication resources are allocable,
[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 confi gured 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 fo 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.



i ndex offsets or carrier frequencies, e.g., radio carriers howsoever

|l ogically defined. A controller is adapted to receive an indication of
detections made by the detector. 6 The controller is configured to control
operation of the comrunication station responsive to the detections.

[ 00021] Wth these and other aspects in mnd, therefore, reference is first
made to Figure | that illustrates a conmunication system shown generally
at 10. The conmunication systemis operabl e pursuant to an enbodi nent of
the present invention. In the exenplary inplenentation, the conmunication
system 10 f or nBhacontmdfieoisdanfigrodiomineat deRatsynsdiane tdaupicandastidror EDGE
(Enhanced Data_for dqbal . Evolution) data services. Wile the foll ow ng
description shg?Pmﬁg?g?%ﬁék@¥Eﬂﬁ$ary operation of the communication system
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station 12. And, .the communication station 14 is represéntative of a

mobi | e st at i oP"&¥ide IR HNGERased;qonununigativnsguerns) i shraild bé endassoodthatthe
mobi | e station [l I Lt c njcation stations 12
and 14 are Cap%agll?g'lgg? gg@ﬁ)g‘%sg{“: 1&8&‘::_%&@?%5&@25%0%1?@ 388%% @aﬁf‘%ﬁ@% %ffectuate
an EDGE data semwiupécation sysieras, equumpetabid p@suse ssoatingQpesifititrns shaldefife
described with,respect .to effectuati on of a downlink, E conmuni cat i on

service, i.e. Ot HAf CTRBHAG ARSIy Aterdiagliiohk detcaiption of operasion of

the communication system 10 is for purposes of explanation only and not of
limitation.
[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
147 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°.



delivery to the nobile station 14. Operation of the conmmunication systemto
comuni cate data in an uplink direction can be anal ogously described. A
comuni cation station 14' is also shown in the figure. The comuni cation
station 14' is representative of the nulti-access nature of the

communi cation system During exenplary op&&ratl on, separate EDGE

communi cation services are effectual with bot the conmmuni cation station
14 and the conmunication station 14'. 7 [00023] The conmuni cati on system
operates in general conformty with the EDGE GPRS/ GSM ( Enhanced Data for
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broadcast i n aHACGn Rl eSS b B acs et T
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the EDGE/GPRS/GSM system necessitate that a mobile station make various
measurements, such as measurements that are required to be taken on signals
broadeast in adjacent cells, i.e., cells adjacent to the active cell in which the mobile
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.



for conmmunication resources |limts the availability of contiguous tine
slots that are available to be allocated to effectuate a conmuni cation
service. If, for instance, there is a sixty percent probability of
availability of a single tine slot for assignnment, the statistical
probability of six contiguous tinme slots on a single carrier being
available is only 4.67 percent. And the pﬁbbability of eight contiguous
time slots on a single carrier being available drops to 1.68 percent. Even
putting aside the [imtations due to the need of a nobile station to nake

measurenents, tp@I04] STha chd@ntssdfitiabdmeiRhtion dthiklsiinond 1khat ameliddanye.
contiguous tinme slots would be avail able on a single carrier for

al | ocati on pur'§bEssentedand asp feymed of famntioveltdlaments implemeniabld is aopdesigdous

par i cal ar Ly 1 3SR e pRNE R G AT Eichithl e Rt gl e en
radi o carri er sphysicaldbeqiensrat weidh (1% clE08Q24fe [ThBcEhRABRE Be Bf cdnfion, For
comuni cation statjons %2 and 14 are functionally represented and are
formed of f uncetxia’_(’jlﬁLﬂ’ B@I %ﬁtt%§hquq0émpamo@s phthgmptveekistagan 1Amasterat be
bhysi cal 1 ooat oaenat Mk HRe phETE L RE L bk R RN o BT Cormon.
For exanpl e, ncheorklperte Riathestbowaletrenfs@if ety oknsatih, ihaelgipiaidataiont iren 12

need not be pdo§i_.tio ed at a single physical location, e.g., at a base
transcei ver st éstﬁlgq{e‘g?mf’%t moxe %gfl IP?E%E%@?‘OWP%?S, atthfebasp patrelycpiatiopand
network stati @fabhde seARNIORESIEN AL HRAvorREB ol iRidd LYo ﬁfﬂj‘?&z Etgg% 'ie§ ¢d han

one location, such as at the base transceiver station and
station cont r aThidy userpeplisetiowodda st appliot by malywdéis: lner22di Theprsot gpdicatitrack 18

to which user i ion.data,is applied hy, way. of the line 22. The user
appl i cati on aiad f‘)s‘f € ‘té‘rm%é%‘f%@ﬁﬂi‘%a’e? Shimp %ﬁféleﬂ%mﬁ BURHRY bR 08F gk TGS
pursuant to OE®GE comienicEHRAs«IaHY ”'I’E@%aHRJlfbréf%%&' k- ind108es BioQs Wg%PC()'

stack includes variqus logical |ayers including a radio resource
managenent ( 15| igg/eding poadio spsovire matagemrntdRANTblayéur t her i ncl udes a

Che I nes 26 Tha Bho Bk P daRln AR RHLOE L BB RaalRd Sherh R

i ncl udi ng basehaoddpd, bessspregentadbibaliothe 16 26haABBhseband 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, a resource allocator 56, and an allocation message generator 58. The analyzer 54



codi ng. [00026] The network part also includes a radio elenent 28 to which
the data is applied, here by way of the lines 32. The radio elenent 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 nobile station, or’ stations 14. [ 00027] Pursuant
to an enbodi nrent of the present invention, the communication station 12
further includes a nmulti-carrier radio resource control |ogic elenment 42.

The el enent 42recsived iniRassénsfofmied d2nalat ¥ 16 0H Ebﬁﬁwhfbaﬁela%yrtﬂgh&wBHngQ‘EQJl a Stack
18, represented by way of the lines 44 and 46, to the baseband el enent 24,

here represenf8Bildsalenpusuanhie affosastiasofmdommunivationgirdcetlienems 28, here

represented hy 0f,: : ] 52 1n t ex l.ary. i npl enment.at.i on, the
o Brrent 45 i o SmRi8idn st OR S picali danE Rt PBur e Nty ace
[00028] The muhtamoantrdfeiatathaliiotd BSQuHiIBEnieR0E I@lsohme e i sdTBRthdtNelugdes an

anal yzer 54, a {es urce allocator 56, and an allocation nessage generator
58. The anal yZ&¢ly§iE by the gadyzse germithi tha coromunishtiorheeqiaementh tet caramuiicite the

communi cat ed kst tla":berh?ﬂéifr’%@éd(. Ra{hudR & thggd%:lﬁlzsgs glssetr%trrlngmwezagzt%ﬁ%ﬁ} %8 Ssi on.

ef fectuati on of a conmuni cation service a Cco
The i ndi cati orprofidech thharsaatce nlisdat@. dhRPEIoaRS allbO4tod NBLABE RasourcBELRBDUNT

of data that is tg be B}om‘run' qqat gd, (%r sone type of indicia that through
anal ysi s by t &R FLePIS3R46 Bdhe arel @it astieh tvidrindisgfinns ofdatagchegluling

conmmuni cat e t Rgfordaddh. t’HwQ%nﬁﬂﬁiié’a%ﬁ)g'rego'ﬂgéeczﬂitoE& sQfe % %ﬂ@s?aiy%ﬁr&?@é&o rmed

by the analyzer are provided to t resource allocator.

al | ocator al | degitadly-dadined rahe csesdiccadon th henatikl aflecatiompidéesbyffidnectanal yzer
of, dat a.schedul in nf.or mat i on.

communt cat1 on 't BEGTHGRAY i GeisRUuSE S H: HEPaed 848 Fifeined i tems of

| ogi cal | y- def inddlerailba0i0n afiddx@TeR 66QbHaNSn 1sQravidBPdr @adl &ﬂﬁéfail%ﬁbggex

of fset schene In_ the exenplary inplenmentation, a tinme slot and radio

carrier, defi Regending wpqnsthe papgbilities of the communication stations that are to be parties
to the communication session in which the data is communicated to effectuate the
communication service, the allocations include time slots allocated on different
carriers at concurrent times. And, the number of radio carriers across which the
allocations are made is also dependent upon the capabilities of the communication
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 messagé that is providéd
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.

[00030] 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



nmobi | e al |l ocation index offset, conbination is provided for each of the

all ocations. Depending upon the capabilities of the conmunication stations
that are to be parties to the comunication session in which the data is
comuni cated to effectuate the conmunication service, the allocations
include tinme slots allocated on different arriers at concurrent tines.
And, the nunber of radio carriers across wi¥ch the allocations are made is
al so dependent upon the capabilities of the communication stations. For an
allocation to be permtted, the conmunication stations nmust further be

capabl e of constaticariudes at artdima firaasiievesd, oh REGemadios, £ 8hdch&id eldhidnt 68,
all ocations nad ?{%ﬁ the resource allocator are al so dependent upon such

criteria, indi 0 ptocghiiack r ety plemenpiprivdes 2 plurdtiey pERIF sanwsierce
control | ogic AR¢indiRP 1. : t el t he.resource
al I ocator and prSolvi deg%?]c:)tlgﬁ%g]Vrg{asd?igg%ra(g)t%gagg%ﬁg?@éc}%t%taﬁgerg}aég%%}acﬁ’ el enent,
and the RF el eméMi03db Themiabdk statien misoopetuddsiaanultincaeafradibiréssuidetddntiie

al | ocati on of Lesoyr ces gﬁde b% t he ‘%I 8_cator. An indication of the

al | ocat ed resolFEEETTAT ZF QUISHA P AR ampgdimest of the presprinvediongdhe glenwnhior

°8. The messadcigeael #i@ioGNeial @tdllgdld, 0tal ot IRS3808Cd Q| eRr OV ded
e el ement for

to one or nore of the RF transceivers 34 of t
comuni cat i on dgnentfircawphidl o leasafunstiodaly, Fhtheughio panmshisiaslt bpmaghof tie

|l ocat i tai i,dentifying the allocated
esources, t na ant At it 48 AR A il Sigho il bbihved GeGoBF cos.

[00030] The nubithent b alaly@f thdleled 9aS 1§ IS Er ANADIBSRHE LR, tﬁé Fl%ﬁ{eH{ KA the
network station. Here, the receive chain portion of the nobile station is

shown. The mol5it dféatgfﬂék?mﬁovrﬁ@m@gemntéme_enna transducer 64, an RF
el ement 66, a %@@ nﬁh@{i&&};&t E%ﬁ%gr?tgp% (ﬁ:téc?g{egﬂi%r }ogjlprﬁlﬁsgéeas%gt lgjﬁgw-rhe RF

el ement includes a plurality o ranscei v

transcei vers 34twak etatipetathk enabiledidtibar @ht deRetol eftrdf-CHURRTLEGINHGRORL |
The nmobile station also includes a nmulti-carrier radio resource control

| ogi c el ement 78950R SIS § APeramsadsttifiee tar commaupieriinanesquasrlpgated the
el ement 78 i i dlaBudcARMEEIHN 8o udch Rk ftd Sirs Bt t Wbcrdafin bRg! ©

resource control |ogic
communication service. Detections made by the detector are 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 to ensure that the radio elements are operable at the proper times to receive the
data communicated over the different carriers.

[00033] 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 eight 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



el ement is coupled, at |east functionally, to the radio 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 exenplary

i npl ementation, the elenent 78 is enbodied at a radi o resource nmanagenent
| ayer. [00032] The detector 82 operates to detect the allocation nessage
sent by the network station to the nobile*station. The detector extracts
val ues contained in the allocation nmessage, or otherw se identifies the
conmuni cation resources allocated to the conmunication session to

conmmuni cat e t hechdateauurshiantiath 6 (&fnﬁlﬁﬁrﬁﬂdﬁbd Qﬁth@ﬁnc%ﬂe@&ﬁﬂh‘ﬂhﬁﬁé by a?ﬁ&i’l!nce
Det ecti ons made by. t he detector are provided to the controller '84. And

the controller Iﬁﬁé}oé‘t dbe ngicalipy bend phidsntifypespds heringobhicle dstaas iram;mltt@dt hat

the nobile stag) R LGER comuni gat e

control l er, for |nstanltczg‘:esya%(%}lc})rel1 Pﬂggggrcgltl 6 eg“fen{g L Wﬁﬁl?gﬁﬁmé?gﬂg’nsﬁag 6lf
the mobile sta{@3si Resoeoe glldchddngd dre nfadelity @b aNBALSE 58/sBoRRS BRLE: Aliot he
proper tines tg recelé(le the  data caomuni cated over the different carriers.

[00033] Fi gur 34 EF pped dawpkiph Bmiestcst dlkeated foaminglsraebila sjatian doen  of
comruni cati on thesenkiGEit ﬁ{alt Afahd %E}tdﬂ%ﬁ%ée (ﬁ}&@?og 85'%% gah tl?r@e gémgraft a

pursuant to operation of an e resent rnventt on
repr esent at i orfluringusy stghstime lsinéwhﬂeleIeesBa;e#an'g’BM%eﬁdt@ﬂ&ﬁnekZRa TBSTragme 128,

each of which nunbered 0-7. ght radio
f requency I(:ar riln T%S(g‘%;‘ Ef%@ﬁ@&@ﬁﬁ@@ﬁ%ﬁ@F@cﬂ@ H?erteh‘élqnﬁﬁll%%ﬁ»ve cel
and carriers Féhdratly REAVIRK 0 tiAdrR01B8E 8P4 nfoBlik s@ 1!)1-[1 Bcg%egzéjad to ﬁﬁ'ﬁgnillf%ts

identified in the exenpl arf/ comuni cation system e nobile
station is caﬁﬁ%ﬂ“@: HEPedEelw beigredgte viogrmuhsagaeeduss, trahmitenRe sobserians
are made, therefore,

si mul t aneousl y, source allocati
with the const Faint tﬂjaﬁglt Ré rﬁ%at%%re@éenﬁ (? gaeslhf)‘gﬂaino more than three

carriers duri ng08636]phythe exdraiaiy 1&@1@41&&3&65%&1&1@5/@:&1@@Ib@%oﬁbmaﬁ@ns #pd R3 are
shown in the fl%ﬁqﬁe to identify the three carriers, defined logically

according to AHCRAF & teams eLHM IO (Bobilerhldasation Indes Qffepunid dmedot o t he
mobi | e stati 0RoRHfaREn BPYsAMAHEH BF available resources according to the following

equation:

Nt Nr

MAX 03" S uysu e {01}

=1 R=l

St o= (1:1/\‘}(;’ x~f;'+1 V(_f;” m‘f;v \/f; :f;)I
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

Sz =Radio resource of timeslot “t” on RF deck “R” for mobile receiver

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)

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

carrier, a substantially increased possibility of availability of communication



time slot. The indications T and Midentify periods during which data is
transmtted by the nobile station and during which neasurenents are mde
by the nobile station. [00035] Resource allocations are made, by the

all ocator 56 shown in Figure 1, to maximze the sumof downlink tinme slots
all ocated to a single nobile statlon glven the constraint that the nobile
station receive data on no nore than threelZarriers during any single tine
slot while al so observing the reaction tinmes Tta, Ttb, Tra, and Trb, as
defined in the TS 45.002 [2], Annex B specification. The reaction tines,

general ly, i damﬁmflyestth%ffhttﬁae co@H RN 0RIARR JRsiBIAADER.- 8L, h§adY tO
transmt or recejve, respectively, before receiving a subsequent burst,

transmtting aSUREHRSET Coﬁuﬁlgtlcaﬁ@ﬂ spaides ar ingreasingpslateinensivarihan

adj acent - cel | I empl ar | e on, carrier/tinme
s| Jot conbi nat i g%rgg%rd & Vglgag)?lgtg 381 E?laﬁ% ngq’sogﬁeﬁ\ﬁ”@”gﬁﬁ%%b APTPBERIEEH
I ndex O f set) raod quidiby Slaothat eosihnaidl@mvaNabiscavengi ng" for available

resour ces accorg)[0 to.the followng equation: N1 N\r MAX : YXS, RU R u e
{0,1} 1=1 R=1 gg]a lgblrefiﬂlwstlﬁwﬁmqﬁmﬁrﬂewﬁlag{@@éown@ew@heat 14, =
timesl ot nunbeg, B nsm.t r

Maxi mum nunber %f eg’l;[ ﬁgﬁg?{g 1?%{ a Ff((g:é;ét?%tg)n ne Od %Oﬁﬁ}%)é?s)e%ﬁmhe—m@élcks

avai |l abl e for byiwhith ammmaumeﬂeﬁﬁﬂam&tw&nth bﬁconﬁjﬁﬁﬂbﬁtﬁin sutRnsiRadi o
resource of tineslot "t" deck "R' for nobile receiver u,R =

Uilization of® F’i%’é‘fﬂ&fm's elwhﬁmfa@étzs forrmqhdlerslpeasion rdesraffsatensrtidie
reaction tinmgreg@eledrai nts (Bool ean)

[00039] 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.

[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
communication 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.



a = Tineslot availability for allocation to nobile downlink (Bool ean)

[ 00037] Because the resources are not limted to those avail able upon a
single carrier, a substantially increased possibility of availability of
conmmuni cation 12 resources to effectuate conmunication of data is
possi bl e. As EDGE-based, as well as other types of, communication services
are increasingly data-intensive, the increased availability of

comuni cation resources pernmts data to be conmunicated nore quickly than

that conventionally available. [00038] Figure 3 illustrates a nethod fl ow
di agram shown generally at 142, representative of the nethod of operation
of an enbo At clgimedhis® pr esent i nvention by which to communicate data

bet ween a set of conmmunication stations in a communi cati on schene t hat
provides fbr nobppaakfacandenrk mderuntitaetstaiongay éperablé eguenayicatf 00039]

First, and 1 ngi cat ed the block 144, communi cation requilenments
equi red S8 i EREBRER e FomBp Rt s R PERAR OB RO s 1
performed indespoingover daﬁ'ie%fﬁ'éqﬂéﬁdi@tdsﬁ% Bdquan SRR LEdid bpfarlust he data.
Then, and as indicated by the block 146, cormunication resources are

al | ocat ed YERIIYEEA plurality of radio carriers for comunication of the
data. [00040] T, i i.ndi.cated by .the.bl,ocks 148 d 2, an
al | ocati on nes%g%%?}i&?eg%%g@ag){[%s oarﬁ 1\geeén m &CX%O%%%%?}}%&‘C %f‘?ﬁﬁﬁ?@}ftq%g%
station t dha is écké wimgunicawtbpiteatdteorksionthomcithat stitdant 2¥, k48 aahlhagat i ons
of the co nig&tio% resqurces. And, as indicated by the block 154, the
al | ocat i ort>SEEFHGI40 guAZEORRBNICEI IPARgEM eEhTRIHITEG I SAMEMEEFaHAN 16

control itHe aREHAL HRDHOWR 1 Ock. Migation of the data across the
plurality of radio ca?riérgsﬂF80021 i Inﬁ%%@gg comuni cati on performance of

a hi gh-speed dat@saseailbsaios (5&)hdnmby tqreovive ed indicutioa a$ dat danhlysisghqpist r at es
relative Hgﬁgﬂpﬁglacp¢%yable”mhen I esou&gﬁ al oqqiioqﬁ)are limted to
those of a-simngle ¥ali f@ﬁ@ﬁ?%?n?%akW@Vf CONHELPR BT GRY THAMES nt ensi ve
data conmurtifed inaBmSEsNd S18%1idF 6f HebACEI RIS IRePBEAL hiBd a plurality of

radio carriers for communication of the data; and

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

resource allocator.

2. The apparatus of claim I 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 clements operable at the plurality of radio

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



out without noticeable delay. [00042] The previous descriptions are of
preferred exanples for inplenenting the invention, and the scope of the

i nvention should not necessarily be limted by this description. The scope
of the present invention is defined by the following clains. 13 Wat is
clainmed is: 1. Apparatus for a network gomunication station (12) operable
to conmmunicate data in a high-speed data conmuni cati on schene that

provi des for nobile allocation index offset over carrier frequencies using
frequency hoppi ng, said apparatus conprising: an analyzer (54) adapted to
receive an indication of a characteristic of the data that is to be

communi cat gd bm@%pra%m%mrqwa%m %@@ré&ﬁ%éz aﬁbcgéo%)(s@gépﬂtrh%f'a' yzer (54)

configured to anal yze comuni cation requirenents requir or conmmuni cati on
of the dateafignedithgengpae miredio gynaminenunestion catiah baeat inossaga foesour ce

all ocator (56) .adapted to recgive an indication of the anal ysis.nmade by
sai d analY%@ﬁzfgﬂﬁgﬂgﬁﬁamﬂggﬁﬁk%@”&PPBE@Tﬁﬁl’égyeﬁgﬂFﬁﬁﬁFEﬂﬁiﬁmﬁFﬁocate
resour ces mgefhynask idodes ABo@foras®l urality of nobile allocation index

of fsets across a plurality of radio carriers for comrunication of the

data; and an allocation nessage generator (58) adapted to receive an

i ndi cati on of I f de by, said resour,ce allocator (56), said
al locati prrls' nmes s@%eea%g)glha keu_%g@tf(rgr:{ria Hnéo‘%??rﬁhn_rve%wts(??Sgﬁé&gtpémacﬁ H%W‘&B& t%Pon nmessage
i denti fyi ngatioheoatrblonedsh@caigelte RYdis phd (28)86 OYEErafld AC@NAHunidate THe
appar atus of clalg1l wherein time slots are defined upon the plurality of
radi o car riEYWORARC KT eATTicE HaoR adily wickrearyret allasaton > B allacatestbar ce
al l ocator fo6)..are allocated to selected tinme slots of the nobile
al l ocation index offsets to which the resources are allocated. 3. The
apparatus of claim|l wherein the network communication station (12)
i i t (2 havi radjo el ements operable at the pluralit

819 mrjgld;sgs & radllhoe a%gzl;ratu 0§)cla1m 1 v?l?erem the networ commugicat?on stat?on (tl 2) P Y

comprises a baseband part (24) and wherein said resource allocator is further

configured to generate a baseband part communication station control message for

application to the baseband part (24) to control operation thereof pursuant to allocations

made by said resource allocator (56).

7. The apparatus of claim 1 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 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.



carriers across which said resource allocator (56) allocates the resources.
14 4. The apparatus of claim3 wherein said resource allocator (56) is
further configured to generate a radio part conmmuni cation station control
nmessage for application to the radio part (28) 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 comrunication
station control nessage cause the radio part (28) to be operative to

comuni cate the_ data upon the radio carriers _upon which said resource
al l ocat or (b6) &P gwatades elifdany byderichgsowcesphacaphhy atitsesonrosialpeater

wherein t 55% ?@51%@54%5 CQUTABL &kﬂ}daf%@ u?%ﬂtnﬁcﬁlg HahDhe olflﬁ{rmﬁhlsaﬁ@ & 19&’@%9&[&93 part

(24) and ereln sard resource allocator is furt configured to generate
a basebandiympgta @omnueit ¢tiatd miodt at i on control nessage for application to
t he baseband part (24) to control operation thereof pursuant to allocations
made by said resource allocator (56). 7. The apparatus of claiml mherein

sai d anal yger (13149a@@ﬁtt%adf(ileﬁﬁq%ﬁ&elﬁltln‘?@ﬁ%@rarc &éﬁ?ed e 9{53&%%
radi o resource nmanagenent |ayer of a radio protocol ef i néd at the

first conmradiocatian vdieagin die regurddsellapped by sed mefsocitcalaﬁn¢atw{é6)am the data
conpri ses dat.a strea for. Jca ursuant to a
plurality E?Q%égg)%% EFB%#O§Hﬁé€ n58€§“%ﬂ81§E@3 h?ﬁéR@ﬁHP%QP fon of the
char act er i®ht@rédiigtupsaisehaaintakydetartiad) 1S adapted to recei ve conprises
identification of a characteristic of each of the plurality of data
streans. 9. The apparatus of claim8 wherein the resources all ocated by
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(56) conprj ses r ources, all ocated upon nore than one of the plurality of
radi o car rt%eepc‘stwor communication station.

13. An apparatus for a mobile communication station (14) operable pursuant to
communication of data in a high-speed data communication scheme that provides for
mobile allocation index offset over carrier frequencies using frequency hopping, said
apparatus comprising:

a detector (82) configured to detect an allocation message received by the
mobile communication station, the allocation message identifying communication
resources allocated to the mobile communication station (14) pursuant to the
communication of the data, the resources atlocated to the mobile communication station
(14) being 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.



during a concurrent time period. 11. The apparatus of claim 10 wherein tine
slots are defined upon the plurality of radio carriers, wherein the
resources allocated by said resource allocator (56) are allocated to
selected tine slots of the radio carriers, including at least two tine
slots concurrently upon separate radi ggcarriers. 12. The apparatus of
claim11l wherein the resources allocated to selected tine slots are
selected as a function both of time slot availability and tuning tine

requi rements of,, the network .co icatjon station. 13. An apparatus for a
mobi | e confruni chtq wa?ﬁ%tqi&biﬁflen%%gﬁ@mahw U?%‘Eﬁ&ﬂ]tuntcé“‘”?:%fﬁ%%ﬁ&éiti on of
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nobi | e conmmuni cation station (14) pursuant to the conmmunication of the

data, the resources allocated to the nobile comunication station (14)

bei ng defilfed ithaapmstusiol glapnddayharginspidrspipberdBibis feithsn condigpedia set s
across a raljty. L, rLers; and.a troller ed to
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comuni cation station responsive to the detections nmade by sai d detector
(82). 14. The apparatus of claim 13 wherein tine slots are defined upon the
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of radio operation thereof pursuant to allocations identified in the allocation message.

18. A method for communicating data by a network communication station (12) in
a high-speed data communication scheme that provides for mobile allocation index
offset over carrier frequencies 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
dynamic resource allocation;

allocating (146), responsive to analysis made during said operation of
analyzing, resources defined in terms of a plurality of mobile allocation index offsets
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



carriers across which comuni cation resources are identified in the

all ocation nessage detected by said detector (82) to be allocated. 16. The
apparatus of claim 15 wherein said controller (84) is further configured to
generate a radio part control nessage for application to the radio part

(66) to control operation thereof pursuant to allocations identified in
the allocation nessage. 17. The apparatus of claim 13 wherein the nobile
comuni cation station conprises a baseband part (68) and wherein said
controller (84) is further configured to generate a baseband part control
message for appiisht/iPdhibeslipsidion daesprasat HigmobigayommpurisHiaiotatiosger at i on
thereof p ; - 1L.00RS, qk gent L _ ol . 18. A
ot hod £ or S aone A o aop A gyt ARl dh antfe e AR AR MERRI9S (0
hi gh- speedadatartosmilmiatcadtduoing saildemperatinatf piesaiides f or nobil e al l ocati on

i ndex offset over carrier frequencies using frequency hopping, said nethod
conprising the operations of: analyzing (144) conmunication requirenents
requi red for communication of the data responsive to an indication of a
characteristic of the data and that permts dynam c resource allocation;

al l ocating (146), responsive to analysis made during said operation of

anal yzi ng, resources defined in terns of a plurality of nobile allocation

i ndex offsets across a plurality of radio carriers for conmunication of
the data; and generating (148) an allocation nessage identifying the

al l ocation made during said operation of allocating. 19. The nmethod of
claim 18 further conprising the operations of: sending (152) the allocation
nmessage that identifies allocations made during said operation of
allocating to a nobile conmuni cation station; and 17 wusing (154) the

al | ocati on nessage at the nobile comunication station to control operation
t hereof pursuant to communi cation of the data across the plurality of

radio carriers allocated during said operation of allocating.



