METHOD AND APPARATUS FOR ALLOCATI NG COVMUNI CATI ON RESOURCES TO COVMUNI CATE
DATA IN A RADI O COVWUNI CATI ON SYSTEM [ 0001] The present invention rel ates
general ly to the comunication of data pursuant to a hi gh-speed data
conmuni cation service, such as an Enhanced Data for GSM Evol uti on ( EDGE)
comuni cation service. Mre particularly, the present invention relates to
apparatus, and method by which to allocate communication resources across a
plurality of nobile al MECHPRANRRARPARAEYS FOR AddiQCATINGency carriers in
a manner such that GARYBIUNMEATION RESOERAFIST O GOMMUNISIATESSi gned to a
single index offset orDAJW IN A RANONCOMMUNECATEANSKSTEM of the

I nvention [0002] Commrunication technol ogi es have advanced at a rapid rate.
Such advancenents have pernmitted, anongst other things, the devel oprrent
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ext ensi on Iﬁ@qudsneyge:mal GPRS conmuni cati on schene, referred to as EDGE
(Enhanced Data for GSM Evol ution), is presently undergoi ng depl oynent.
EDGE- capabl e comruni cation systens permt data thruput rates that are
significantly higher than thosg, ' InVehdlsy Predecessor GPRS
systens. Patent docunent nunbe di scl oses a transm ssion -
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communication thruput rates. Increasingly, data services, previously unavailable or only

available by way of wired networks, are performed by way of a radio communication
system that provide for high-speed data services. And, with continued advancements in
communmication technologies, the data thruput rates by which data is communicated shall
likely yet further increase. For instance, the infrastructures of GSM (Global System for
Mobile communications) networks that provide for GPRS (General Packet Radio Service)
have been widely deployed and widely utilized to effectuate data commﬁnications. An
extension to the general GPRS communication scheme, referred to as EDGE (Enhanced
Data for GSM Evolution), is presently undergoing deployment. EDGE-capable
communication systems permit data thruput rates that are significantly higher than those
achievable in the predecessor GPRS systems. Patent document number EP 0938208, ¢.g.,
discloses a transmission method for a GSM communication system.
[0003] While EDGE-capable systems represent a significant improvement in

terms of achievable data thruput rates, there is a continuing need to increase yet further

~ the achievable data thruput rates to permit increasingly data-intensive communication

services to be performed in a timely manner,




services to be perfornmed in a tinely manner. 1 [0004] Operation of an

EDCGE- capabl e conmuni cati on systemis set forth in a promulgation of an
operating specification. The operating specification defines, anobngst

ot her things, the channel structure that is used in EDGE-based

comuni cations. Multiple carriers are available for use, sonetinmes defined
logically in terms of nobile index allocation offsets. However, due
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an enbodi ment of thé present invention ur e strates
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servi ce, such as EDGE (Enhanced Data for GSM Evol ution) data comuni cated
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comuni cation system [00111 Through operation of an enbodi nment of the
present invention, the comrunication resources are allocated across a
plurality of nobile allocation index offsets by which to conmunicate the
data. Allocations-are made in a manner that resources, during a single
tinmeslot, are assigned on a single carrier, i.e., a single index offset.
[0012] By permtting the resource allocation across radio carriers of a

plurality of radio carri ers,BﬁprLgckgtiomﬂ?jﬁgﬁrg;mggrCe avail ability
during any particular tinmeslot 15 Qr [ i keli hood of a
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cont i guous tkéwbes or sequence, such as a block, of tinme slots can be

al l ocated for the performance of a data conmunication service during a
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resul t ant cs%lr??rilljt ﬁ%n(%éﬁe# Sou?i&tttﬁeo%a%ﬁg? ot %E%dlﬁeﬁteqﬁﬁ? P)reseﬁ'gpnd’l’?@é‘?rbr t han
that avail abl e vieop]aifqee stillafcitadraambthsd fie &@Mﬁ%@@@%&l@ﬁb@op&ﬁ%e
carrier. Evefn I f contiguous sequences, across a plurality of carriers are
not avail alfl éneWbPaiHPP“ okthg presentinyantionhe | i kel i hood of greater |evels of
resources being available across 3 the plurality of radio carriers

I ncreases the likelihood of inproved data thruput rate performance. [0014]
In one aspect of the present invelietsiled P@péptiba's i s enbodi ed at a network
part of the dat iﬂ{’;ﬁﬂg@@comm catjon system The apparatus_enbodied at the

network part c PETreBiHaYSpHen., acrhulinghy agyantagenusly peoyidssemparreat i on
esour ce. I @alfcRiBaToPuse 1R Al brifuniehioh 1R R 0N S5 Sl sddla o RiiGY1 ded to
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communi cate data to performa selecte cation e anal yzer
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by the angbiyafimicafién SRegndynam cally, such as on a frame basis, upon a

group of franmes .
[0011] Through operation of an embodiment of the present invention, the

communication resources are allocated across a plurality of mobile allocation index

offsets by which to communicate the data. Allocations are made in a manner that

resources, during a single timeslot, are assigned on a single carrier, i.e., a single index
- offset.

[0012] By permitting the resource allocation across radio carriets of a plurality of
radio carriers, the likelihood of resource availability during any particular timeslot is
greater than the likelihood of a corresponding level of resources being available at a
single carrier. Existing resource allocation schemes generally limit the allocation of
resources pursuant to a communication session to a single carrier.

[0013] A contiguous series or sequence, 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 is available within a frame across a plurality of
radio carriers, the data thruput, and resultant communication of the data, is more likely to
be greater than that available when allocations are limited to those made upon a single
carrier. Even if contiguous sequences, across a plurality of carriers are not available

within a single frame, the likelihood of greater levels of resources being available across




basi s, or upon another basis, all in a manner to provide resource
allocation to comunicate data. [0015] In another aspect of the present

i nvention, apparatus enbodied at the network part conprises a resource

al l ocator. The resource allocator allocates resources to permt the
comuni cation of the data to performa comruni cation service. The resources
are allocated, e.g., responsive to analysis nmade of the communi cation
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station, e.the snabyzenabichalestyntnivally, Wei apei M rain@ bavik lipAiarogPerpumh&at i ons
are to be perforned, an | | ocatj on message is sent so that each of the
mobi | e st atPYRLIVERR Atherhygis all Bampier topreridgaesonrrg alutatioplte

poi nt - t 0- PRbAmERAWYcat i on sessions are effectuable, with 4 allocation
nmessages bei ng generated and sent for each of the separate comrunication
sessi ons. [ 0017]0015] dmendther azpeet of thefprédent invasiont apparen drobbdiepaiiat us i s
enbodi ed at gom‘runi cation stati t hat_receives fiat a. The communi cation
station foPﬁ@‘,’or B CREPLE S resoprqrAlioraor  The rgspureallocator allessteg sesgurces to
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are allocated, e.g., responsive to analysis made of the communication requirements

required to communicate the data. The communication resources are defined in terms of
timeslot allocations upon mobile allocation index offsets. The resources are allocated
such that, for any timeslot within a time frame, the resources are allocated upon a single
index offset. That is to say, resources that are allocated are not limited to those of a single
carrier, but rather are sclectable from across a plurality of available carriers, howsoever
logically defined, within the constraint of resources being allocated, at any one time, upon
a single one of the carriers.

[0016] In another aspect of the present invention, apparatus embodied at the
network part includes a message generator. The message generator generates an
allocation message that includes values for identifying the communication resources that
are allocated to communicate data, such as pursuant to a communication session to
perform a data communication service. The allocation message, once generated, is
communicated from the network of the communication system to a remote station, e. g,a
mobile station. When point-to-multipoint communications are to be performed, an
allocation message is sent so that each of the mobile stations receives the allocation

message. And multiple point-to-point communication sessions are effectuable, with



[ 0018] Apparatus enbodi ed at the conmuni cation station includes a detector
that is configured to detect an all ocation nessage delivered to the
comuni cation station. The allocation nessage identifies conmunication
resources that are allocated to the conmunication station pursuant to the
comuni cation of data. The resources that are allocated, and identified in
the nmessage, are defined in terns of nobile allocation index offsets The
resources alIRcatidiOnadsgfes ﬁ'% dehletared 200 s8od éa’gﬁ%k fife @%&r@e%&nﬁh@
resources are allocated upon a single one of the radi o carriers f 19] The
appar at us es¢boeised at the communi cation station includes a controller that

control s operati f- the_ conmuni I on station responsive to the
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schene. A detector is configured to detect an allocation nessag
delivered to the communication station,
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[0020] Through the allocation of communication resources across a plurality of
radio carriers in which a single radio carrier is allocated with resources during a timeslot,
improved data thruput rates are achievable.

[0021] In these and other aspects, therefore, apparatus and method is provided for
a network part of an EDGE-capable communication system that provides a high speed
communication service that defines mobile allocation index offsets. An analyzer is
adapted to receive an indication of a characteristic of the data that is to be communicated
pursuant to the communication service. The analyzer is configured to analyze
communication requirements required for 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, defined in terms of mobile
allocation index offsets and timeslots thereon across a plurality of mobile allocation index
offsets. The resources are allocated such that, for any timeslot, within a time frame,
resources are allocated upon a single one of the radio carriers. And, a message generator

generates an allocation message identifying the allocation.
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delivered to the comrmuni cation station. The allocation nessage identifies
conmmuni cation resources allocated to the conmmunication station pursuant to
the comunication of the data. The resources that are allocated are :
defined in terns of tineslots defined on a nobile allocation index offset.
And al l ocations are made across a plurality of index offsets. The
resources are allocated such that for any tineslot within a tine frane,
resources are al j00af BheR0Rd Bk el ARG stk BRI s BFovidd for a
controller is adapted to receive an indication of detections nmade by the
det ect or. TIRENBBHEHEM stationoperableffoyermpriunicatommaefidata inpemattiilecatloodticntiadds r st

conmuni cat i & Iﬁ;i . responsive,tp. the. detections made t he detector.
[0023] Wt h&?sﬁgse agﬁlecét %rpslcﬁelﬁf'né,(%f%&réﬁ 6‘?"@%“#&%?%@8@ ag%f"i‘tpé‘tm?ﬁﬁ%ﬁ to
Figure 1 tdudiverel it iclcoimsoricaiofBIADE ATh NI esaBOMRnggReT al |y at 10,
The conmmuni cation systemis exenplary of a comrunication systemin which
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shal | describe eﬁaﬂpl ary_operation of the comunication systemin terns of
I
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comuni cati on.system [0024] The ¢ ni cati on system 10 includes a set of
communi cat i°8ﬂﬁ§‘¥‘8‘§ foo?%’!tmf)‘&%‘%‘ﬁﬂﬂ?i Q,féﬁ‘?ng%t seEmugicaton datipndiserangive 42 then st ati on
14. The comeusiisinhaie HidtuoRctd? 1S representative of elements of a
network part of the cormunication system The comrunication station 12

shal | be ref err ¢0023) With éhess aspects imend, Serefores tefercheesis diritomadé 2o Fighel]l t he
comruni cat | . jon 14 is.representative of nobi | e _station. The
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12 and 14 i s capabl e of glgnerati ng EL data pursuant to perforrance of an
EDGE dat a &B/eplieeis apseable: j1gthe exemplary émplsgientation, the commesiveti¢n system 10

per f or manc gq a8 GUN 1815 &Wéﬁﬁys?f&egﬁﬁa\&iig EDdE—gap’able, that is, provides for
EDGE (Enhanced Data for GSM Evolution) data services. The following description

shall describe exemplary operation of the communication system in terms of its
exemplary implementation as an EDGE-capable system, capable of providing EDGE-
based communication services. In other implementations, an embodiment of the present
invention is analogously operable to that described below with respect to its
implementation in the EDGE-capable communication system.

[0024] The communication system 10 includes a set of communication stations,
communication station 12 and communication station 14. The communication station 12
is representative of elements of a network part of the communication system. The
communication station 12 shall be referred to herein, at times, as a network station 12.
And, the communication station 14 is representative of a mobile station. The
communication station 14 shall herein, at times, be referred to as a mobile station 14.
During their operation, either of the communication stations 12 and 14 is capable of
generating EDGE data pursuant to performance of an EDGE data service. Operation

shall be described with respect to performance of a downlink communication service, i.e.,




6 communi cation of data fromthe network station 12 to the nobile station
14. Operation of the conmunication system pursuant to uplink data

comuni cations is anal ogous. [0025] A conmuni cation station 14' is al so
shown in Figure 1. The comunication station 14' is representative of

anot her nobile station that is capable of communicating with the network
station 12. Miultiple point-to-point data communications, as well as

poi Nt - t 0- MubdriBlSIcRVITYE da fFork BTRNEA A 1216 1RTH ORI o 14 Widelion of
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al | ocat i onsdurmgeperation bfthelcbaeainidigion syier] Séfara EDGE Ed:2AMaicatidd fovivdy ch
data is comrunl ate A _maximumtransm ssion rate of 59.2 kb/s per tinme

slot is pr é’§é¥ﬁ viigasy ERGR prapmynicalinnsgriessaroperfemablealurisg operpton of

per f or med; tﬁ@%ﬂh aRL fspurces, i.e., tine slots wthin frames defined
upon the carriers avaﬁl@pﬁ{eﬁ? cormuni cation, are allocated for the

conmuni cat i on of[002 'EIBCEnnlmtmcatwﬂ sgstern i oponable ctendRs caifiihity itk tigd ot s, at
| east theoreti aI IC}}/ e‘éléggﬂ% %’“ﬁﬁ e slots of _the frame can be all ocated to
a single cé’ﬁ?ﬁ?ﬁ Brc biprthyingn apprgprigty ERGRGIRSGEMotEnkrneed Datat a
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service. A maxi num theoretical transm ssion rate /s (8*59.2
kb/s = 473 Cemnwrgqatlpgsmpaﬂanag BI@C;ﬁnatlbn aﬁmongkj\mwpmtocnh amﬂeﬁahn@'fsaﬁ‘rance
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carrier is Pﬁ%n%t:é %}1&\% gm&l %% T?PE“ie V‘rs’é’&d\i}ﬂg‘f?{é“‘ré%ceé? S IFFén MQS/ GSM
syst em nec és sihichi g@oupshifteight ﬂﬁi@l slfts ﬁirﬂlt 4 RAndBKE YR WRLLBR ?éHﬁx%EnEﬂ&c%t ons
Measur enents nust._ be made, e. on signal s broadcast In cells adjacent

to the cel X RadHbEnlachEnsioe Kiotswitbindmes during which data is communicated. A
maximum transmission rate of 59.2 kb/s per time slot is presently provided. When a

comunication service is to be performed, communication resources, i.e., time slots
within frames defined upon the carriers available for communication, are allocated for the
communication of the EDGE data. As each frame includes eight time slots, at least
theoretically, all eight time slots of the frame can be allocated to a single communication
session, i.e., for the communication of the data between a set of communication stations
to perform a communication service. A maximumm, theoretical transmission rate of 473.6
kb/s (8*59.2 kb/s = 473.6 kb/s) is available per frame. However, in actual practice,
allocation of such a large number of time slots per frame on a single carrier is
unachievable. Other operating requirements of the EDGE/GPRS/GSM system necessitate
that a mobile station make various measurements. Measurements must be made, e.g.,
upon signals broadcast in cells adjacent to the cell in which the mobile station is
positioned. The operating specifications, TS 45.008 [5] and TS 45.002 [2], Annex B
specify and define certain of these measurements. Additionaily, time slots are sometimes

also allocated to perform other data and traffic services.



positioned. The operating specifications, TS 45.008 [5] .and TS 45.002 [ 2],
Annex B specify and define certain of these neasurenents. Additionally,
time slots are sonetines also allocated to performother data and traffic
services. 7 [0027] Conpetition for the conmmunication resources limts the
avai lability of time slots, particularly contiguous tinme slots that are
available to be allocated to effectuate a conmunication service. For

exanpl e, if ther@02¥ @orpetitionfef GRRbmBNRARARDA dsWuRhs 1AM He AR bty OF 2
single tinme slot for assignment, the statistical probability of six

cont i guous Healot) par§odarly centigypes tme slotsthat are availableita b ellonatsidite effettuatat | on

I ndex offs Ml ﬁFBF ' vall able i.s _only 4. 67 rcent. And,

t he probabi (l"qty 0 1@%%1133&% ’ 02%% |Bﬁbﬁghetr?}?easéyftgtpgr%?t%g[?arb@ﬁﬁo n a single
carrier beiavgilahilifyl oflalsingle ome slov fdr. S gMAERSME statiByRN pRbEBIRGASTELNY t he
limtations dye to the need of a nobile station to nmake measurenents,
there is a ORUEYAUSitigng 9igts opasingls weamiemboda singke mehile alpeationsndaxqfbes ti ne
slots woulgvhg | : ' ' ti-0n .t g econmuni cat e
dat a pursuant tg@?éa%éplge?% %u 3@62%&9 %iégg{eg%eﬁ{'s%%iit@éeﬁr%@ﬁ%l goufgit}sel- |trre

slots, or ebhtguamddite stotabf & ifiamesinet single adreieShdiBE hviiable\dedgsab |l H8qRr@hNer
radio carriers...Howeyer, to date, particularly in an EDCGE-capable system
al | ocat i ng FeRgisegsrding fhedimitations due tofhe neerd ofjagnebifesstation taaalet t ed. [ 0028]
In the il ysdasalehfR 19U et e | Caitd At : are
functionally re regtgg{hg};ﬁlgfug?d#e}%caglp%?%ﬂgﬁé@%@ tlé@gnrr@h?s’ ﬁ@{g&é}%ﬂﬂe s

i mpl ement abtaild he avajlabl¢esi a sivglerammer for AHocativheéo tammihicais datarfussuantioly t he
various el (e?gﬁnt%ﬁneed notti necessarily be Eosi i oned tog@,her at a,comon
physi cal | SERtGH “BUPRIGRURR STVCE opiatpus fmeslats, o gther pddifipnal e slqtsyi ces.

For exanpl are dongotigded ARAitdh1SHPWAet ARIRL! HbRRPerOfo datd) BartiehiMAy n 8 ation 12
need not be}:&(&)smloned at a single physical location, é.g., at” a base

t r anscei veERGEchpable Higten, allpestingdimddotdion Wifferentaddia cruiess is ovepaitpdy si cal

| ocations, i nclegeh of l.nst a e station.controll.er of the
network part of [Wgﬁ]g%g’fwmﬁ}l%ﬁﬁogﬁ%%@ﬁ gﬁﬁef%}?{ﬁmﬁ@ %tE%SrlE aggal#iaﬁ% her e
shows its Humtisnilly epeisented fbind cifthdtidvahlud@sens thatstedmpleficaBle intagk 18 to
whi ch user agg?léi cation d@ta i.s applied by way of the line 22. The user
appl i cat i ofetitsdgnznger. spnd, Sherfimctions Renformed b thervasigneclampets aced rati ons

pursuant t Becessarily be positioned together at a common physical location but can be distributed

across separate physical devices. For example, the elements shown to form portions of
the network station 12 need not be positioned at a single physical location, e.g., at a base
transceiver station, but rather can be distributed across several physical locations,
including, for instance, a base station controller of the network part of the communication
system.

[0029] The network station here shows its transmit chain portion and includes a
radio protocol stack 18 to which user application data is applied by way of the line 22.
The user application data is for communication to one or more mobile stations pursuant to
one or more EDGE communication sessions. The radio protocol stack includes various
logical layers including a radio resource management (RRM) layer. The network station
further includes a baseband element 24 to which data is provided, here represented by
way of the lines 26. The baseband element performs various baseband operations, such
as baseband processing, modulation, and channel coding.

[0030] The network station also includes a radio element 28 to which the data is

applied from the baseband element, here by way of the lines 32. The radio element is



one or nore EDGE comruni cation sessions. The radi o protocol stack includes
various logical layers including a radio resource managenent (RRM | ayer.
The network station further includes a baseband €l enent 24 to which data
i's provided, here represented by way of the Iines 26. The baseband el enment
perforns various baseband operations, such as baseband processing,

nodul ation, and channel coding. [0030] The network station also includes a

adio el eeimdd ot RaWTufidtiohlity, GRtli FeqRRLy hafkcbiverbiienlgsePang! ement
here by way of the lines 32. 'The radio elenent is 8 forned, at [east
f unct i onal |tyansegivers areshpwadu Eiguse 1 readsefiwhich if compteddnds aBiénnaNramdier 36.

transcei ver re sho in. Fiqgure 1. each of whi.ch is_.coupled.tq an antenna
transducer @E%@fﬁ%ﬁe%%@ﬂf@gﬁggﬁt? e 3@8@‘{1@%‘8 o W&O’E'FW%B%% fic

form for commningedtioarnstdtontiaor LHITHMN SBlonRAuRtAdnQtibds 197 a plurality of
conmuni cation stations 14. ¥0031 ] Pursuant to an enbodi ment of the present

i nvention, the r&PdblrRursyant fosn eptbodimens of tis provest mventian, thearetwak statidn 2

resource c 4 ' enen .Jhe element 42.is at ast functionally
Coul ed t o eReuseeh i SIBH ity ceddifec o BRR ol RltRef 421, d 58 Rlratenf 15

46. The el demnfunictioglyidoaplet ¢o teeadia peodl stk T8 Herdly wag beHYinesy4 afd t he

| i nes 48. And, the control Io%ic elenmnent is coupled to the radi o el enent

28, here by*onabhestoment iy ¢aypled g the bprgband glement te by way pEthe lisapttr y

| mpl enent at4 QN ¢,d | ' ource nt _logical |ayer.
10032] The ‘i {he SaRBPRRASritn:f SRR b BRMES o B by WA B s o,
anal yzer 52, Therlesiogloentglih teakomphby iniflemamtaidd, dcahbaiied@aSadio rgusicat or
58. The anal yzer 541 recgei ves indications of the data that is to be
communi cat CEY IpREUGPEpart to a nobile station pursuant to

ef fectuation of (902 R hMALdaRibr $501Y r&Bulll E:Br‘il&)l"}?%"r@ QL &@HdQ@ﬁSﬁ%%ﬂh .

The indication of the characteristic conprises, I nstance, t
of data thath & esperchellewton o awt ansllcoaticomessaggpgenefatontidl. (The anhiytzer 34hr ough

R T I AT .

by the anahytik seitionpufvbtas effBcthitfon FTASAHTRGIMHAGRKe ukf@33] The

resource allocator allocates conmunication resources based Upon the
communication session. The indication of the characteristic comprises, for instance, the
amount of data that is to be communicated, or some type of indicia that, through analysis
by the analyzer, permits the communication requirements to communicate the data to be
analyzed. Indications of the analysis performed by the analyzer are provided to the
resourée allocator.

[0033] The resource allocator allocates communication resources based upon the

analysis made by the analyzer together with indications of data scheduling information.
The communication resource allocations are made across a plurality of radio carriers. In
the exemplary implementation, a mobile allocation index offset and time siot combination
is provided for each of the allocations made by the allocator. Allocations are made such
that, for a single timeslot, resources are assigned on a single carrier. But, resources are
assignable upon successive, or sequential, timeslots on different ones of the plurality of
radio carriers. The number of radio carriers across which the allocations can be 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. And, the allocations made by the resource allocator are



anal ysis made by the anal yzer together with indications of data scheduling
I nformati on. The conmmuni cation resource allocations are nade across a
plurality of radio carriers. In the exenplary inplenentation, a nobile

al l ocation index offset and tine slot conmbination is provided for each of
the allocations nmade by the allocator. Allocations are made such that, for
a single timeslot, resources are assigned on a single carrier. But,

resour ces ail® de@&ﬁd@ﬂﬁ;ﬂirﬂehﬁi@& HMASEIRS], mlca%ﬁ@%eﬁ h&' ﬂ;rtﬁérm?,ﬁh&it% tRE
different ones of the plurality of radio carriers. The nunbe radi o

carriers adpdiedespireerrontiel lagicocat i ons can be made |s al so dependent upon

the capabilitie t tion stations qr.an a ati to be
pernitted, the ioe&l nﬁ%a?éi%on 22*11% ft3hee 5 %ﬂuﬁeégrobg gg%eﬁgsﬁ?é:oggnl

conmuni cat imessages thdb arcf previdedtytho fadidprot@dl Stadlatid Bikebad dlenidn a8l IRGRAL | Ons
made by the resource allocator are 9 also dependent upon resource

avai | abi | i ©Jemsnéy eontiobfsirmergtipe Fesaprsiva forthe allagstion efresairedsanadedyithe
resource c %m)&gl)r lfQ&H Gn Ini&@ﬁ%%h of AR 2{1@%‘%@& CRoRLLE g}eg%{&%@eﬁl‘éto tged?l!) %%?(%? gi g|s

to be generat contro nessages are provi

st ack, the niasadeaederatoe 58NThe aleahhﬁnBEsage |géﬂ&ﬁtbr EéncEaddt Gl lob RN meRAEAt | on
responsi ve to.the l.ocati on of resources nmade by the allocator. An an

i ndi cat i on At i3 ROVERH S ey Pers ot theddF franserivst 3?@\@6%@!4 pbihe RE elemei28; on
nessage genge ﬁfﬂﬁ'arégew&g Comlduifald A8 IE3TEE ?negbea%o EtRng Fncﬁ:ﬁ@ %@Bﬁ Yo fiform

al l ocation nmessage that Is provided to one or re ranscel ver
front ends ﬂmmcbmﬂalﬂ-‘oféheaﬂkmateﬂ%souﬂam RF transcei vers comuni cate the
al l ocati on ness t he tatl to infor t he bil e station of
the al | ocated ri@@?ﬁgrehg c[bg@f:s?m‘fﬁél% 93 streeturs analogaus tg the gectue o Fhleure
anal ogous hetwidie s&tibsCThE Mobilc ithon 7ASkWES i@r&hﬁ\é hflogolB & malatrh&ufet@

I ncl udes structure analogous to the structure formng the networ tion
wher ei n, éhfeﬂet‘f“ﬁ@i St?é@@l r@h,aheme,phmep@ne offiain pertion if ke 1solsld stationss shovvn

I oD Lo S8 e AL R R LR B RRBE nE, 2

el ement mlehmﬂeSﬁ amhwaaﬂ leleynedt 68ant h3aE6 PriBEo] kiagl v4. ewHéRi@leiﬁéﬂtl ar to
t he transcelcﬁJr s 34, with di fferent ones of the transceivers bei ng

operabl e af® PBHplity of REdFanseeivardinnt eads T600@Er thitke Walsictivers 841 thh al so
includes agifhddonad & Rt trﬁﬂs@%ﬂrexrs%%&fo%%ra%?@étr(ﬁ%ferent carrier frequencies.

[0036] The mobile station also includes a multi-carrier radio resource control
logic element 78 of an embodiment of the present invention. The element 78 includes a
detector 82 and a controller 84. The radio resource control logic element is coupled, at
least functionally, to the radio protocol stack by way of the lines 86 and 88, to the
baseband element 92, and to the RF transceiver front ends of the RF element by way of
the lines 94.

[0037] The detector 82 operates to detect the allocation message sent by the
network station to the mobile station and received at the RF element. The detector
extracts values contained in the allocation message, or otherwise operates to identify the
communication resources to be allocated for the communication of the data. 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, dontrols operation of the
various elements of the mobile station to ensure that the elements are operable at the

proper times to receive the data communicated upon the different carriers.
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| ogi c el enent 78 of an enbodi mrent of the present invention. The el enent 78
includes a detector 82 and a controller 84. The radi o resource control

| ogic el ement is coupled, at [|east functionally, to the radi o protocol
stack by way of the lines 86 and 88, to the baseband elenent 92, and to
the RF transceiver front ends of the RF elenent by way of the |ines 94.

[ 0037] The detector 82 operates to detect the allocation nessage sent by
the network st 3098 biguidwillimRises ShRELARIAhdRrEhntRitydt 1hAIGeRE el enent.
The detector extracts values contained in the alldcatli 3 nmessage, or

ot herwi se opwmuRication respapde lpcativns npdadonthe edrmpnicasous okt pusimat i | ocat ed

for the co ni.cati.gn of the . Detections de by the detector are
br ovi ded ¢ SRR fBP sfbafinial s prsid Tevimiipe T eapdpiipier Tlystegribis
operation ofuctReiveTDMA fRindds] PHn&0124) 206,108 108 RabIeoSHRich PRI RS Qigh€Bmeand
operates upon, the comunicated data. The controller, for instance,

control s opdetarustbesid A-Rén Fignrd buBight wdinftequency ¢aeriore bB2.ddettificden RFo ensur e

communt cat et & SRR oM und e 1R 8 RIS ok EEESY Tl 4lE T 05
repr esent atitlentify sholors idemHledlih theadxetipary 86mmeRRAERH §atch DESSOSTRRNt

al l ocations, made for the communi cation_of data pursuant to operation of an
enbodi ment HReH S copERIETatiph RsAwicehare pHacatedhpedifiering cariers, padsteseitress ardir ee

successi ve 5% , 1 h whi i ncl udes

ei ght tine . S ot‘%?‘%ﬁ%%#@ggg)ﬁ?}%é%guf gg’g}%r'E%g%{e%%gﬁeg&Qflraél&a{hn ?s%%‘??i ers
132, i dent iifiiFéghres tRidentifyaheoiscatrirs aipoh hidhrdded s Comaink cabdddn gled ¢xagipte FM

1- FmMVAX of an adjacent cell .all identify carriers identified in the

exenpl ary Eﬁﬂqfﬁ‘#@&?ﬁ‘%’?‘g)}‘g’ﬂ_ m%&%&%vpoqwméﬁ%www@an on
resources apénahy Rﬁ@%(ﬁgceﬁf‘ﬁﬂbfsfo?s% I'THE i6@chtidrs T arfd i&&ﬁﬁ?ggﬁ%ﬁd@ﬁ%%ﬁ] -

al | ocat ed concurrently on nore than one carrier. he re
are shown datp iFirgugmeitt8d by thechaohilef spatidneantl \duringwhichrseaspements arb ndé by s

conmuni cat obi'fé\ﬁ/&%e eéargpge resource allocation in which two carriers are
avai | abl e Upon SR P H?Jrﬁ'ni cate data wupon any two adjacent tine slots.

The i ndi cati ons [§030)Rd¥birde Mdchdomeirt fhde B thdBesHitics Bllo &3 6i sholvh s m t t ed
by the nobile station and during which nmeasurenents are nmade by the nobile
station, r&igued;ipangkimize the sum of downlink time slots allocated to a single mobile station

given the constraint that resource allocations are not made on separate radio carriers
during concurrent time slots while also observing the reaction times Tta, Tth, Tra, and
Trb, as defined in the TS-45.002[2], Annex B specification. The reaction {imes,
generally, identify the time required of a mobile station to get ready to transmit or to
receive, respectively, before receiving a subsequent burst, transmitting a subsequent burst,
or performing a measurement on an adjacent-cell signal.

[0040] In the exemplary implementation, the carrier/time slot combinations are
selected in terms of an MAIO (Mobile Allocation Index Offset) scheme by “scavenging”

for available resources according to the following equation:

Ni Nr

MAX Y S pttsu € 0,1}

=1 R=1

Sy a=1Af, # [, At =0:1_
Else: 0

Where:

t =timeslot number
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[0039] Resource allocations are made, by the resource allocator 56 shown in
Figure 1, to maxim ze the sumof downlink tinme slots allocated to a single
nobil e station given the constraint that resource allocations are not nade
on separate radio carriers during concurrent tinme slots while also
observing the reaction tines Tta, Ttb, Tra, and Trb, as defined in the
TS-45.002[ 2], Annex B specification. The reaction tinmes, generally,

i denti fy thﬁﬁRFﬁeél@ﬂHhE&@b&Bh%néﬂiﬂhh@re%&%? on to get ready to transmt or
to receive, respectively, before receiving a subsequent burst,

transmtti né’l‘&M@b@@qlmmbebufsmeslotsnnpﬁmdauom ng a measurement on an
adj acent -cel} nal 0040 | ement ati on
carrier/ti né;r {‘ r]&{éﬂ? (ﬁeé’ﬁs %g@fsgﬁyﬁuﬁu WWW“MF@%(I%bl | e

Al | ocati on teRfiayl OF f set) scherre by "scavengi ng" for avail abl e resources
according to the follow ng equation: Nt Nr MAX | YSIRWQR u a {Q 1} t=1 R=1
1 St:u JaBSkseRadidrdounce 8f tirleslodJt” dRREQIetk R for obifeaeesivert = ti nesl ot
nunber 11 R = RF deck nunber (both transmt and receive) N = Maxinmum
nunber of t#gedl@diztiomoftimedat Ttoon RF dechERT permitiethixeordifg Rhéelpaksomat| abl e
for sinultaneous reception in nmobile termnal S R = Radio resource of
tinmeslot " tconsimlﬂs(a@cdﬁan)w for nobile receiver u,R =Uilization of

MRy e T IR T S R R R LN
downl i nk ( Bool ean)

[0041] The resources that are allocated pursuant fo operation of an embodiment of
the present invention are not limited to those available upon a single index offset, but
rather are permitted to be allocated across a plurality of index offsets. Asaresult, a
substantially increased possibility of communication resources is likely to be available for
allocation and use to communicate data. As EDGE-based, as well as other types of,
communication services are increasingly data-intensive, the increased availability of
communication resources permits data to be communicated more quickly than that
conventionally available. 4

[0042] Figure 3 illustrates a method flow diagram, shown generally at 142,
representative of a method of operation of an embodiment of the present invention by
which to communicate data between a set of communication stations in a communication
scheme that provides for mobile allocation index offset. First, and as indicated by the
block 144, communicatibn requirements required for the communication of the data are
analyzed. The analysis is performed responsivé to an indication of a characteristic of the
data.

[0043] Then, and as indicated by the block 146, communication resources are
allocated across a plurality of radio carriers for the communication of the data. The
resources are allocated such that for any particular time period, resources are allocated
upon a single one of the radio carriers.

[0044] 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,
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[0041] The resources that are allocated pursuant to operation of an
enbodi nent of the present invention are not limted to those avail able
upon a single index offset, but rather are permtted to be allocated
across a plurality of index offsets. As a result, a substantially

i ncreased possibility of comrunication resources is likely to be available
for allocation and use to communi cate data. As EDGE-based, as well as

ot her t ypeSasqhdicaté@Bguw' B8kl P, BRY Mo RPHnAh&sh s §asd AU redadlidp! Nt ensi ve,
the increased availability of connunicatioﬁ $§30urces ﬁgrnltg data to be
conmmuni cat e¥PnHBRRCcsingkationtto gentrdl dfs operative purisgand itd goramanicatiinenf da@0kRiss
Figure 3 il rates.a method fl ow di agram shown generally at 142,
representaﬁ#gih%?ﬂ OﬁgpﬁgﬁngP?bperation of an enbodi nent of the present
invention by whioohst Phepurfonmbic! Metktr@l RALMREST dtaSBtupaf rabRBrd NigRddetd
stations in a communication schene that provides for nobile allocation

i ndex of f sefata grvige is impoved byrinkreasingth Jikelffwodishas gkeatot 4gmowotsiini cat i on

requi r enent LI r C ni catd on , of e data are anal.yzed. The
anal ysi s igiberéOéﬁﬁﬁﬂﬁﬁg%%ﬁ§?@@9“§d%ﬁw?m§kggfﬁ%ﬂu%?agm@ﬁgp5@¥%$#%9iC of
the data. $eB043]IndRedingladtadisitensitt dath @8mbinidaloRk&@oites 48 bef Q@M HBARL I ON
resources are, allocated acrqoss a plurality of radio carriers for the

comuni cat i GHiggrout pathgt soticgahle dela¥our ces are al | ocated such that for any

particular time { . | n ingle aone of the
radio carriers. @%@Zﬁl %é{%fig‘g% ‘?%?“ﬁgﬁla %%soqﬁ)?i‘é I cgt(t1 gga(}%@lgs{ %@ “ﬁ?lg%’ﬁl%u ®and
152, an al liveationrandrithe sape of thegrveatiah shbvad otsenésshiyl ybedpmeidgy this
connunicatgpn statiﬁﬁ to a receiving, comunication station that identifies
al | ocat i one¥FRHRE- dbnernecd thegmescatvypption is dgfinediby the follpvipg elatimby t he

bl ock y 154, the allocation nessage is used at the receiving g

communi cation station to control its operation pursuant to conmunication of
data across the plurality of radio carriers. [0045] The perfornmance,
measured in terns of data thruput rates of a high-speed data service is

i nproved by increasing the likelihood that greater anmounts: of
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conmuni cation resources can be nmade available to effectuate a data

communi cation service. Increasingly data-intensive data conmuni cation
services are better able to be carried out w thout noticeabl e del ay.

[ 0046] The previous descriptions are of preferred exanples for inplenenting
the invention, and the scope of the invention should not necessarily be
limted by this description. The scope of the present invention is defined

by the fowht%\é\%%[l&gclg 5. 13 What is clainmed is: 1. Apparatus (42) for a

net wor k par Enhanced Data for GSM Evol ution, -capabl e

communi cat i on Byst eApfabs (423 Forti1RHEkpait dTiaGIBISEE Sk SHEQN Ser Vi ce
and t hat defl nes conmuni cation for nobile allocation i ndex of fset, said

appar at usEvowEnm, sapayle wavmr:@tmsyétsmxlalj@pwdwﬁ@s abighispeedan i ndi cation of
a charact |s to be L9 ur Sug nt to the
hi gh spee co%%ﬁ’%ﬁ%ﬁ’gcr? ag@?t@a}tc ACTHREHOD gl?Tru @Bﬁﬁq Qjﬂ’rcgtbon[ 18%hal yze

conmuni Caiffmnsaldqppﬁreﬁﬂie%@pﬁgﬁgﬂ red for com"runl cation of the data and to
det er m ne needed resources in manner that permts dynam c resource
al location; a resouicabreded) WP(@(S? recgbfsramdndieatioacdiachampterisiil e on of

the anal sl R4eb Yol AR bia Sl o5 HlehiPSRA BomALhASAL AL foNTgur ed to

al |l ocate resources de |ne erns o oca |on |ri of fsets

f or connwmab'aen a@nfighret I&eamﬂm cotriieuni@sion reRirenthisqe@iied faci@saudicationr al i ty
of nobile (gagatlcg sdndex offag{s such that for _any tlrre period, within a
time fra fodeigrning negeed rsOpRsin § anRgr Batpamis dynamigsesopece

al | ocati gnobﬁgﬁx of fsets; and an allocation nessage generator (58) adapted
to receive an indication of the allocation made by said resource

all ocator, said al Immmﬂms@a(ﬁé) géapeedatoaecei vomf indicntieh sfthgemdysds e an

211 ocat ornedd B3R s P il s GO il B HPSts TPPESB AP BB ocat or
( 5g|) I |eS altftg?;c{fsléenﬁldﬁié’éegﬂachﬁoﬂ RSk YA REIERMARR b BLldea! 1RPeRlrk N9l €
allocated across a plurality of mobile allocation index offsets such that for any time
period, within a time frame, resources are allocated upon a single one of the mobile
allocation index offsefs; and
an allocation message generator (58) adapted to receive an indication of
fhe allocation made by said resource allocator, said allocation message generator

configured to generate an allocation message 1dentifying the allocation made by said

resource allocator.

2. The apparatus (42) of claim 1 wherein said resource allocator (56) is
further adapted to receive an indication of selection of single mobile allocation index
offset per time period operation by which to communicate the data, the resources
allocated by said resource allocator further responsive to the indication of the selection of

the single mobile allocation index offset per time period operation.
3. The apparatus (42) of claim 2 wherein the network part (12) is operable to

communicate with a mobile station (14), and wherein the allocation message generated by

said allocation message generator (58) is sent to the mobile station.
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of fset per tine period operation by which to communicate the data, the
resources allocated by said resource allocator further responsive to the
i ndi cation of the selection of the single nobile allocation index offset
per tinme period operation. 3. The apparatus (42) of claim2 wherein the
network part (12) is operable to communicate with a nobile station (14),
and wherein the allocation nessage generated by said allocation nessage

tor (58),i t to the nobile station. 14 4. Th tus (42) of
Qo m 1 wherel ¢ ho HEEIBFHART o d8irt L Sk 06 netvrkais (DARPTRAT 1 adi o

| : : : ! _ _ o
el ements (z38) pAPRIMY AR el @@t (2R) bhdtaBiE af @ggl?alﬁrﬁsﬂaa{osca%ﬁé@%w@ggh sal

resource allocator allocates the resources. e apparat us claim
4 wher ei nsadregovise allpcatorallpentesithe rqsd@yes.s further configured to generate a
radi o part control nessage for application to the radio elenents (28) of

the radio part to control operation thereof 6. The apparatus (42) of claim

5 wherein the sadi OTh@sppa€Mil (49} o BGHAY VhefeoBSfProsOcy hilltator@s®ss of the
radio el epents (28) to be operable at |east during periods corresponding

to tine p@ﬁhsagomﬂreﬁgo\gﬁwﬁeﬁmﬁp pant ¢prfcedimessags forf apphieaticadivdhetadil ers are
al | ocat edelgﬁ%?ﬁgg‘j?glt&agaaﬁgmg% Bgm%gﬁ%aaégé ﬁ’séfe%?) of claim1l wherein the

net wor k part nprise ase ) and wherein said resource
all ocator (56) is further configured to generate a baseband part control

nmessage for apgl iC on to the baseband gart to-control operation pursuant
to al [ocations 'md%a@ﬂa&‘%@w%ﬁw grgirothe raglio pave cerppsd massage( 42) of

claim 7 Wagk& iﬁdihfa%agcif}%ﬁtaﬁﬁfér @b Releﬁ%isr(?g)d@goﬁgﬁable%y&ﬁgdﬁegt11%%%8?a”d part

(24) to be operable east during per respondi I 'me  periods
duri ng whiattespandmgtodand pariode datimgwhichrtie mldividal etkswitie @t @fridrhare
plurality.of radio carriers. fi 9. An apparatus (78) for a nobile station
(14) operdfscatef for.comppicationenhanced Data for GSM Evol ution, capabl e
comuni cation systemthat provides a high speed comunication service and

t hat defines nobile allocation index offset, said
7. The apparatus (42) of claim 1 wherein the network part (12) comprises a

baseband part (24) and wherein said resource allocator (56) is further configured to
generate a baseband part control message for application to the baseband part to control

operation pursuant to allocations made by said resource allocator.

8. The apparatus (42) of claim 7 wherein the baseband part control message
causes the baseband part (24) to be operable at least during periods cori'esponding to time
periods during which communication resources are allocated upon any of the plurality of

radio carriers.

9. An apparatus (78) for a mobile station (14) operable in an EDGE-,
Enhanced Data for GSM Evolution, capable communication system that provides a high
speed communication service and that defines mobile allocation index offset, said
apparatus comprising:

a detector (82) configured to detect an allocation message delivered to the mobile
station, the allocation message identifying communication resources allocated to the
mobile station pursuant to the communication of the data, the resources allocated to the
mobile station defined in terms of mobile allocation index offsets across a plurality of

mobile allocation index offsets, the resources allocated such that for any particular time
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apparatus conprising: a detector (82) configured to detect an allocation
nessage delivered to the nobile station, the allocation nessage

i dentifying communication resources allocated to the nobile station
pursuant to the conmunication of the data, the resources allocated to the
nobile station defined in terns of nobile allocation index offsets across a
plurality of nobile allocation index offsets the resources al l ocated such

h f
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control | ealldc34)n adapbifsbtd;andecei ve an indi cation of detections nade by

said detector, said controller confjgured to control eration of the
mobi | e station resp&Mdioller (%)ﬂﬂ@t@b@éewwmdmnw sgtf?@ﬁ@l@treaﬁe(hy 10. The
appar at us i I i C ises a radio

part havi Snaégrgéatglﬁér g %r?g?ﬁt?%lyg?g%@ per ab egéélto%eﬁtg%%logﬁla IR(t%)l{eoia%rogdi o carriers
acr oss whiesponsoertontie detdetions medoby soddaeroed dentified in the allocation
nessage detected by said detector. 11. The apparatus (78) of claim 10
wherein said controller (84) is further configured to generate a radio

part control npgsagend Qip a@a@t&'(? f‘%ﬁ?ﬁnf@wh@r%uf f'rfbb? fgnoﬁ’corﬁgﬂste lradi

operation thereof responsive ocat | ons | ocati on
‘message. part haﬁmrmnaﬂmoble{nlet@ (6‘6()Dperabﬂmahihe@luraig‘.yloﬁrzﬂhdncgheﬁpremds whivhuni cat i on

service in - Enhance. M Evol uti on

communi ca orngﬂu%]y% foélrff’st%‘ies aﬁr‘gef‘%téeg IFgl?e f’r%ﬁftfoél rﬁfslsﬁa%f‘a‘fqt%t%ab? id of f set,
sai d net hfecg®Opri sing the operations of: analyzing (144), at a network
part, comunication requirenents required for conmmunication of data

pursuant .to the high speed comuni cation responsive to an indication of a
characterrstrc of tf@ eded reso nner t hat

pen-nits dynam k1 eds eaip§ u}sctgg) 6%1“ r‘f)‘BéﬁdﬁﬁnF‘iﬁ )(8-&)2}% ' net wor k

part, respafigired té Qeritfeb ¥ sddio ﬁﬁ@leonftm h[@sagé%&p@ﬁ@itﬁhltgﬂm%dﬁ%hxél ng,
resources across a plurality of nobile allocation index offsets, the

r esour ce<LORITPLepsradipndbereafyeipopsive & sllopatignsiguitified an fheadlorasionimesesageof f set s

such

_'12. A method (142) for communicating in a high speed communication service
in an EDGE-, Enhanced Data for GSM Evolution, capable communication system that
provides for mobile allocation index offset, said method comprising the operations of:

analyzing (144), at a network part, communication requirements required
for communication of data pursuant to the high speed communication responsive to an
indication of a characteristic of the data to determine needed resources in 4 manner that
permits dynamic resource allocation;

-allocating (146), at the network part, responsive to analysis made during
said operation of analyzing, resources across a plurality of mobile allocation index
offsets, the resources allocated across a plurality of mobile allocation index offsets such
that, for any particular time period, resources are allocated upon a single one of the
mobile allocation index offsets; and

generating (148) an allocation message identifying the allocation made

during said operation of allocating.
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that, for any particular time period, resources are allocated upon a single
one of the nobile allocation index offsets; and generating (148) an

al l ocati on nmessage identifying the allocation made during said operation
of allocating. 16 13. The nethod (142) of claim 12 further conprising the
operations of. sending (152) the allocation nessage that identifies

all ocations nmade during said operation of allocating fromthe network part

to a nmobile stajl OnThé‘Hﬂtho!d%il O@gﬁiﬂ% lbf}ﬁﬁﬂérlcgﬁ@%ig@ggnﬁgo}l%g%}%flg%fi he nobile

station to control operation thereof pursuant ‘of the data
across the pluralitgending(dh2) the aliddaticmtricssage toreidenfificeail®caidneaaied during
sai d opergtion 0 . 14. The net hog (142) of .claim 13 wherein said

al | ocatd . )
operation GE P a0 _aﬁg?ﬁﬁlpg@?g‘ﬁﬁlewq PR AR pmekile siebpragfl messages to
radi o el enents of tﬁ'ﬁn%{l ) heBl1BLAH O mesb R of AR RoWR dhatfoR M Lt JfESSAgES
causing operation of the radio elenents to permt reception of the data
communi caPRedation thergotursiaat tooemuminiecation o thesdatr aesssahd plastiedof olsileng sai d

ti L 7. i t h 14 | ai m 14 wh [
ol Tocat | oegfor AE8] bifes il Bl iid nbgrelinlmBrdinton of i | ocat i ng

(146) are further responsive to reaction tinmes required of operation of
the radio elenents of the radio Farjt. 16. The nethod (142) of claim 15
wherei n the reHet i ohhd meded (W) of eloin il fravhepsin said speretion ofaging (154) r adi o

el ement s . il | tion index. offset of the,.plurality of
mobi | e al ‘f%c‘%?%?ﬁ%%%é P@E?‘J’s““%i N %ereﬁa&flﬂ%% Off&’f"e il $2%er i
r esour cesthakrddie parecorttol inegsaged chusi@Rbatation oPfhehdio CRiieRS th péBait are furt her

responsi ve to. nort]-co ni cation measurenment requirements required of at
| east ondCEPULRST it sonyryRicaipdiby Way b e comppuni¢asion raspurces allocated

during said operation of allocating.

15, The method ( 142) of claim 14 wherein allocations of the resources made
during said operation of allocating (146) are further responsive to reaction times required

of operation of the radio elements of the radio part.

16.  Themethod (142) of claim 15 wherein the reaction times comprise time
periods required of the radio elements to tune to a mobile allocation index offset of the

plurality of mobile allocation index offsets.

17. The method (142) of claim 15 wherein resources allocated during said
operation of allocating (146} are further responsive to non-communication measurement

requirements required of at least one of the network part and the mobile station.
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