1 APPARATUS AND METHOD FOR PROVI DI NG NOTI FI CATI ON OF ALLOCATI ON OF
COVMUNI CATI ON RESOURCES | N A RADI O COVMUNI CATI ON SYSTEM [ 0001] The present
invention relates generally to the communi cation of data pursuant to a

hi gh- speed data radi o conmuni cati on service, such as an Enhanced Data for
GSM Evol ution (EDGE) comruni cation service. Mire particularly, the present
invention relates to apparatus, and an askoci at ed met hod, by which to form
an allocation nessage that is comunicated to a conmunication station to
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t hereby to per m ALUGQCATRODNOELOYIMUNIGA BION REFOURGEDES A RADI€cei ve
subsequent |y comruni cat ed dat aCOBABKRENHUATION SYETENM/enti on [ 0002] The
rapid rate at which conmunication technol ogi es have evol ved has pernmtted
t he devel opnment and depl oynent of radi o comuni cati on systens capabl e of
comuni cating d i ; | essitate
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throughput rates shall |ikely become possible and communication services
necessi t at iTAgpsHa thatt i commapingindite stcethnaimieation stafigh ér aldu e edmouwghgiom r at es

shall corr i vai | ...t 0003] -For instance, GSM (d obal
System for Sﬁg@gl%gtﬁ%ﬁ%ﬂ?@Q&F%ﬁé@%%&&%‘ﬁOn’ gb%ﬁ%%@é’&??@ﬁ“es‘i?ﬁ“&%c%h e been
devel oped arufionitd epstadeiekiay echeiMtpsdgtbhtlneimmukisated @ytade for GPRS (Gener al
Packet Radi o Service) that permts comunication of data at relatively

hi gh data rates. An extension to GPRS, referred to as EDGE (Enhanced Data

for GSM Evol ution), is present ll?’ac'&'&f’ﬁrﬁ%ﬂﬂe‘??énq pREnt . EDGE- capabl e
comuni cati on systens provi de for conmonr cation ata at data throughput
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communicating data at high throughput rates. Data services that necessitate for their
execution the communication of large amounts of data in short periods of time are
increasingly able to be performed by way of a radio communication system that is

capable of communicating the data at the high throughput rates. With further evolution of
communication technologies, the need for the capability to communicate data at yet
higher data throughput rates shall likely become possible and communication services
necessitating data to be cominunicated at such higher data throughput rates shall
correspondingly become available,

[0003] For instance, GSM (Global System for Mobile communications) cellular
communication systems have been developed and widely deployed. Many GSM
networks provide for GPRS (General Packet Radio Service) that permits communication
of data at relatively high data rates. An extension to GPRS, referred to as EDGE
(Enhanced Data for GSM Evolution), is presently undergoing deployment. EDGE-
capable communication systems provide for communication of data at data throughput
rates that are significantly higher than those achievable in GSM/GPRS-only

communication systems. In spite of the improved communication capabilities of an



2 EDGE-capable system there is a continuing need yet further to increase
the achi evable data throughput rates by which data is comrunicated in a
radi o communi cation system [0004] An EDGE-capabl e commruni cation systemis
operated in general conformty with an operating specification pronulgated
by a standards-setting body. The operating specification defines, anongst
other things, a channel structure that defines channels on a radl o air
interface fornmed between conmuni cation stations operable in the
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[0005] Not only is a manner needed by which better to utilize communication
resources available across a plurality of the multiple carriers, but there also is a need,
once such communication resources are allocated, to provide notification of the allocation
to a receiving station to which the data is to be communicated.
[0006] It is in light of this background information that the significant

improvements of the present invention have evolved.



[0009] Figure 3 illustrates a method flow diagramlisting the nethod of
operation of an enbodi nent of the present invention. Detail ed Description
[ 0010] The present invention, accordingly, advantageously provides
apparatus and nethod for use in comrunication of high-speed data to
perform a high-speed data radio communication service, such as EDGE
(Enhanced Data for GSM Evol ution) data cOmuni cated in an EDCE- capabl e
comuni cation systemto performa data communication service. [0011 ]
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al | ocati on nessaggt s . I rovi des
notification of g%@%ﬁﬁ%@ﬁﬁ{?%ﬁggg%%ﬁ?@gg&gp%%§§¥%%ﬂgﬁggﬁgﬁ?nﬁgmihe

comuni cat i emmohnidatica, sysweehthasinclpdesanarhbddom it felRipRdsing aiviedtioDds Hi¥cEodat a
connunicatqg to.performan EDGE conmunication service. [0012] The
conmuni cat i i Esources are al l ocated across a plurality of radio

carriers, and thoot] Peatd OMIRSSA0Rl AENLAGRR: HBLK rhEPRESERL A1 On Of

the conmmunication resource a ocat 1on, y a ?ocatlng e tonmuni cati on
resour ces awresgmpnaf aplembatimant of thegtdsontdaveition shattdetifick edhihanidatdn r esour ce

availability during an ticular, tine.slof is greater than the i

l'i kel i hood %?Ouéceéé‘ﬁf’%aé%%ﬁ’%ﬁQOIPE'\}‘@}CE‘B‘PH? HPHES CHBPHGICaHGR PYsiBN shozyn |1
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comuni cation stations that are tpethBedBbiciBiicnO @ comruni cati on session
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mat ri x nanicglalp&pil%lﬁfgl 14,88 -capable communication system to perform a data

communication service.

[0011] Through operation of an embodiment of the present invention, a resource
allocation message is generated, the contents of which provides notification of
communication resources allocated pursuant to the communication of data, such as
pursuant to the communication of EDGE data communicated to perform an EDGE
communication service,

[0012] The communication resources are allocated across a plurality of radio
carriers, and the allocation message includes a matrix representation of the
comimugpication resource allocation. By allocating the communication resources across a
plurality of radio carriers, the likelihood of resource availability during any particular
time slot is greater than the likelihood of a corresponding level of resources being
available at a single carrier. The communication resource allocation is made of time slot
allocations on different ones of the radio carriers is represented in the form of a matrix
formed of matrix elements positioned in rows and columns, the values of each matrix
element together populating a field of the allocation message.

[0013] The allocation message is communicated between communication stations

that are to be parties to a communication session pursuant to which data is communicated.



performed to reduce the size of the matrix and, correspondingly, the size
required of the matrix representation of the resource allocation in the
field of the allocation nessage is also reduced. [0014] In one aspect of
the present invention, a matri x representer is provided that, responsive
to an indication of the comrunication resource allocation, fornms a matrix
representation of the conmunication resouf ce allocation. The matrix
representatjon |s formed of a direct mapping, or a matrix manipulation of
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matrix representation in an allocation message that is generated by the message generator.
Values of the matrix representation populate a field of the allocation message. By
populating the field of the allocation message with such values, the allocation message
forins a notification message that is capable of providing notification of the
communication resource allocation made to communicate data.

[0016] In another aspect of the present invention, the resource allocations are
dynamically made at selected intervals. Successive allocation messages, forming
reallocation messages that reallocate earlier allocations of communication resources, are
formed and used to provide notification of the resource allocations. When the matrix
representer receives an updated, or other subsequent, indication of resource allocation, the
matrix representer forms an updated matrix représentation of the communication resource
allocation and provides the updated matrix representation, or indications of changes to a
prior matrix representation, to the message generator. The message generator uses the
updated information provided thereto to populate a field of a new allocation message.

The allocation message forms a notification message that provides notification of



generated, is comunicated, by way of a radio air interface, froma first
communi cation station to a second comruni cation station. The second
comuni cation station, a receiving station, includes a detector that
detects the contents of the allocation nessage and the values of the
matri x representati on of the communication resource allocation. Values of
the message are extracted and provided toSa controller. The controller
controls operation of the receiving station so that the receiving station
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conmuni cat i c | J,ocated for the communication of the data.
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adapt ed at 1888 {ontResBage generated by the message generator further selectably includes an
indication of the duration period during which the communication resources identified in
the allocation message shall be allocated. The duration period is, e.g., time-based,
represented in terms of a frame duration length.

[0019] In one implementation, the resource allocation is made at a network part of
an EDGE-capable radio data communication system for the communication of EDGE
data by the network part to a mobile station. The communication resources are allocated
across a plurality of radio carriers, identified, e.g., in terms of mobile allocation index
offsets (MAIOs).

[0020] By forming a matrix representation of the communication resource
allocation across the plurality of radio carriers and using the matrix representation in an
allocation message, a notification of the resource allocation is readily provided to a
remote communication station that is to be party to a communication session during
which data is to be communicated.

[0021] In these and other aspects, therefore, apparatus and associated
methodology is provided for providing notification of a communication resource

allocation pursuant to communication of data. A matrix representer is adapted at least to



receive an indication of the communication resource allocation nmade for the
comuni cation of the data. The matrix representer is configured to forma
matrix representation of the comunication resource allocation. The
conmuni cation resource allocation is made across a plurality of radio
carriers. A nessage generator is adapted to receive the matrix
representation of the conmunication resoufce allocation made by the nmatrix
representer. The nessage generator is configured to generate an allocation
message t hateceivelendutcative oftha ¢ommeprepentauienliotatidrenedmiouticcat i on
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[0023] With these and other aspects in mind, reference is made to Figure 1 that
illustrates a communication system, shown generally at 10, in which an embodiment of
the present invention is operable. The communication system, in its exemplary
implementation, forms a data radio communication system that operates in general
conformity with the operating specification of a GSM/GPRS/EDGE (Global System for
Mobile communications/General Packet Radio Service/Enhanced Data for GSM
Evolution) communication scheme. In other implementations, the communication system
is analogously representative of communication systems operable pursuant to other
communication schemes. Accordingly, while the following description shall describe
exemplary operation of the communication system with respect to its’exemplary
implementation, the teachings of the present invention are analogously applicable for
implementation in other types of communication systems.

[0024] The communication system 10 is a multi-user communication system of
which a set of communication stations, communication station 12 and communication

station 14, are shown in the figure. The communication station 12 is representative of a



whi ch a set of conmmunication stations, comunication station 12 and

comuni cation station 14, are shown in the figure. The comuni cation
station 12 is representative of a 7 network station, formed of el enents of
a network part of the communication system The conmunication system 12

shall, at tinmes, be referred to herein as a network station 12. The
communi cation station 14 is representativeé of a nobile station, and the
conmuni cation station 14 shall, at tines, herein be referred to as a nobhile
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is a TDMA (Time Division Multiple Access) scheme in which groups of eight time slots
form a frame. Communication resource allocations are made by allocating time slots
within a frame to comumunicate data during the allocated time slot or time slots. A
maximum transmission rate of 59.2 kb/s per time slot is presently provided in a
promulgation of the operating specification. When a communication service is to be
performed, communication resources, i.e., time slots within frames define upon the
carriers available for communication, are allocated for the communication of the EDGE
data.

[0027] As each frame includes eight time slots, at least theoretically, all eight time
slots of the frame can be allocated 1o a single communication session, i.e., for the
communication of data between a set of communication stations, such as the
communication stations 12 and 14, to perform a communication service. A maximum,
theoretical transmission rate of 473.6 kb/s (8 * 59.2 kb/s = 473.6 kb/s) is available per
frame.

[0028] In actual practice, however, allocation of all, or many, of the time slots per

frame on a single carrier is unachievable. Various operating requirements of the



comuni cation stations 12 and 14, to performa conmuni cation service. A
maxi mum theoretical transm ssion rate of 473.6 kb/s (8 * 59.2 kb/s =
473.6 kb/s) is available per frame. [0028] In actual practice, however,
all ocation of all, or many, of the time slots per franme on a single
carrier is unachievable. Various operating requirenents of the 8

EDCGE/ GPRS/ GSM system require that a nobile station nake various
measurenents during its operation. Measurenents nust be nade, e.g., upon
signal s br OEMQPR%/@%M systenujeguienthat o mobde selion imkekiridusteswetichts
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contiguous time slots on a single carrier, i.e., a single nobile
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percent. Th@c(gﬁﬂggilghtlldr;%rﬁ all eight contiguous tine slots of a frane on a
single carrier beling aval abl e drops to 1.68 percent. Even if limtations

due to the need {@DQQ]aFGrElxaﬂnplesifahemmsﬁ@lxtmmcmpﬁibb&mmﬁa\jaﬂaldh@f(ﬁgﬁr ded,
there is, there]zore z%sta,tlstl elihood that mul ti
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service. [0030 Contlguous time slots, or at |east other additl
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are all ocated gcross a plurality of carriers, however, the conmunication
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stations that
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[0030] Contiguous time slots, or at least other additional time slots, are sometimes
available on other radio carriers. By permitting the allocation of time slots across a
plurality of radio carriers for the communication of data pursuant to a single
communication session, an increased data throughput rate is achievable, When
communication resources are allocated across a plurality of carriers, however, the
communication stations that are parties to a communication session must be operable in
manners to successfully communicate the data. All of the communication stations that
are parties to the communication of the data must, therefore, have knowledge of the |
communication resource allocations made across the plurality of radio carriets. Pursuant -
to operation of an embodiment of the presént invention, a manner is provided by which to
make notification of the communication resource allocations across the radio carriers so
that the communication stations that are parties to a communication session are notified
of the communication resource allocation.

[0031] The communication stations 12 and 14 are functionally represented in

Figure 1, formed of functional elements that are implementable in any desired manner.



are parties to the communication of the data nust, therefore, have

know edge of the communication resource allocations nade across the
plurality of radio carriers. Pursuant to operation of an enbodi nent of the
present invention, a manner is provided by which to nake notification of

t he conmuni cation resource allocations across the radio carriers so that
the comunication stations that are parti®s to a comunication session are
notified of the communication resource allocation. [0031 ] The

communi cat i Sldgioneilpike fipctons peaformed buietviatmad fopctiept esmetedetdnotFi gure 1,

formed of fypcti.Q : that are inplenpentable i,n an esi red manner.
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but, instead, cag be distributed across several ph{Sl cal entities. The

el ements shBWYOHSHIEM J 6r2-insad nefbanpsitioned olor finge ahysieel eatitydugrathaysed not
be position : i i .entj.t rather. can be distributed
acrbss. several Rt dalsE BN LRI BT, Bith S HROFiERD aeRo by il
station coomtolleeindenihsa thaseiver aas@esMae nstaklk.on of the network. [0032]
The transm t cham%%i on of the network station is represented in Fi glure
1 and is here sht P rrsribehas peitipe opthstistpnrk stasier igpresentpd brfigwerl
appl i cat i ona Ak fcleShoRRRS Infid@% HBY gcgt &n%%alcl(ﬂg tgafhic-ﬁhféetaz?p%i'cgt%ﬂ &, fata is
for communication to one or nore mobi (& Stations pursuant'“to one or nore
EDGE conmmundnpéicd by vewss tlerisie 2Ph €l reagiphicationatatdis forsdoaakunicationde $nv ar motts

notwor kst APl dra iR BuE on b SRR O GRER B BT B THAT#iar o

provided, habecbndickah@dddwkaidys BisidahRybk ReSudiRe a TR0 PRSERAAL S ENER!
perfornms various baseband operations, “such as %aseband processr ng,

nodul at i on, (REA) @renidie nebuerkgtatiooase)indtndesradiandraind slemdnd A4 & whichrlatartes a

radio el e . e once er.at on by the baseband el ement, is
b ov ded ¢ P HA%. bR SRR pVE o IRFRAEE, A hapthahd SRR RESHE The
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transceiver front _ends 34. N radio transceivers are shown in Figure 1. Each

of the radio tridfsteihrercsverk stdigplaby indudes amdiormementais dliseltagenceThe
L enscuceragbAARS ey ks ok 0y GATPRIEL b B B8
to an enbodiyrventofahe tihes 33 Bentdio element is formed, at least functionally, of radio
frequency transceiver front ends 34. N radio transceivers are shown in Figure 1. Each of
the radio transceivers is coupled to an antenna transducer 36, The transducers transduce
the data into electromagnetic form for communication to one or more mobile stations 14.
[0034] The network station 12, pursuant to an embodiment of the present
invention, also includes a multi-carrier radio resource control logic element 42. The
element 42 is functionally coupled to the radio protocol stack 18, here indicated by way
of the lines 44 and 46. The logic element is also coupled to the baseband element 24,
here indicated by way of the lines 48. And, the logic element is further coupled to the
radio element 28, here indicated by way of the lines 52. The logic element performs
various functions and, in the exemplary implementation, is'embodied at a radio resource
management logical layer.
[0035] The logic element is here shown to include an analyzer 54, a resource
allocator 56, and an allocation message generator 58. The functions performed by the
parts of the logic element are carried out in any desired manner, such as, for example, by

algorithms executable by processing circuitry.



invention, also includes a nulti-carrier radio resource control logic

el enrent 42. The elenent 42 is functionally coupled to the radi o protocol
stack 18, here indicated by way of the lines 44 and 46. The |ogic el enent
is also coupled to the baseband el ement 24, here indicated by way of the
lines 48. And, the logic elenent is further coupled to the radio elenent
28, here indicated by way of the lines 5219 The | ogi ¢ el enent perforns
various function in the exenplary inplenentation, is enbodied at a
radi o resource mgg’é He Aralyzsy i spceivgy adicqtions e thy data|thajiis todiceqermpunieaterbr e
shown to in : : ( ot

211 ocat i on pasararaRRBATS agfhoiR LR ER @ baTRhacbt: Al enion oy
the | ogi c ebeneatiuanga canmueitation sdssioanThe asglidagon ohtheeharasiealti@sclufies,
exanple, by algorithns.executable by processing circuitry. 10 0036] The
anal yzer 54%Pel& g ﬁég%fh% h‘?stog*ff cPREgated; pagometyps obwdicihibahdighed by
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conmuni cation ~ service during a conmuni cati on session. The indication of
t he char actdati sddguatiehctobdesalyzeal. gindichtiensarfohmtesafs cfahaarahads pesfonaedby the

comuni cat ed, ,.0r _sone t. indicia that, when analyzed by the analyzer,
permts theaﬂggznﬁﬁ?fﬁgéﬂ%‘%fe@%%{%%%ﬁ?]éocta@lcomruni cate the data adequately

to be anal yzed. fong7akd RBSured aldiidr Sptiates 10f1dNR BRRhYEERiRGEIAFEd by the
anal yzer are provided to the resource allocator. [0037] The resource

al | ocat or osEesaedduabtysifirediacericormuthcatdrgary émplenratationcs mebilaalpcation i t y

of radio c i . ary i npl enmentation, ile allocation
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al | ocat i onsllvegter. yesoberes adel 9sighable ufRSAMEGSISe Ar@cqentiol 8Blcas1MPOR different
successi ve, or E@gugg_t Lal, tinme slots on different ones of the plurality
of radio cdPfF 8tcpiualily of sgpigrumiorsrssoripied withithowabilonloationinges effsels.  The
nunber of ragi f : i ch- At i endent
Upon vari oS PuRRE bLAUS SFHAE AR Shich e MdAGL SF AL IRSRDubiEn
stations. Tabus Bctoos, smyyding tre capatdliticodthommmaubieatxer sutidied Thhtie to say,

conmmuni cati,on _st.ati ons st be capabl e of . communi cating at the frequency
of the radiid acfharlﬁ:icgtﬂomtﬁ%lf e &\?Cﬁm%ﬁ’é‘f?’i“@ﬂ Sfaé“’%’@éﬁ%%lap%ﬁf)fons are

further depsngdamicaiRgnt fidetuendyHH Ml cafril-upoh SR &€ AU AL hialiy, the
i ndi cations of which are also applied to the r ggl 0 resource contro %(ogl C.
Allocations are further dependent upon factors including, e.g., resource availability, the
mdications of which are also applied to the radio resource control logic.
[0038] The resource allocator generates, or causes to be generated, control
messages that are provided to the radio protocol stack, the baseband element, and the RF
element to control their operation responsive to the allocation of resources made by the
allocator.
[0039] The indication of the allocated resources is also provided to the allocation
message generator 58. The allocation message generator is here shown to include a
matrix representer 60 and an allocation message generator 62 that formats and forms an
allocation message. Once generated, the allocation message is provided to one or more of -
the RF transceiver front ends 34 of the RF element 28. The RF transceivers communicate
the allocation message to the mobile station to inform the mobile station of the allocated
resources.

[0040] The receive chain portion of the mobile station 14 is shown in Figure 1 to

include structure analogous to the structure of the network station. The receive chain



[ 0038] The resource allocator generates, or causes to be generated, control
nessages that are provided to the radio protocol stack, the baseband

el enent, and the RF elenent to control their operation responsive to the
al l ocation of resources nmade by the allocator. [0039] The indication of
the allocated resources is also provided to the allocation nessage
generator 58. The allocation nessage gendrfator is here shown to include a
matri x representer 60 and an all ocati on nessage generator 62 that formats
and forns aﬁmﬂﬁﬂpégaﬁﬁ@ﬂﬂﬁg§§égéﬂﬁﬁn@ewgeﬂemafem;mnﬁmmqﬂﬂngmﬁdmmﬁﬂmessage is

provided to nsceiver front ends 34 of the RF
o ipE AR Bh o S hnh B o

el ement 28. the allocation nessage to the

mobi | e station tmo4nf mhmbﬂe BRRLM €4 siirdd HbvAf tolifGudd APSALEM trah&RREF GES.
[ 0040] The receive chain portion of the nobile station 14 is shown in

Fi gure 1 to2? RE¢Ionpat §¢.rakasehand shemeg68sanda rafie psetoodtstack 7df Thisdk felemontk

station. Th n Io bhut .reverse
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net wor k staﬂﬁmmglopc{rﬂﬂéé.ﬂdﬁi’efbnﬂﬁei}hblefrsqtﬁhbl@@ 14 is here shown to include an
ant enna transducer an RF el enment 66, a baseband el enent 68, and a

radi o protocol s&ogé% %F mepide stetiq) wrlides a iW&‘l gereisT wdis) K$PRUIPe 9016501 logic
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an enbodi r nvent i el enent, |78 i S a det ect or
82 and a rcné SF@H‘%PMM’ ?Or‘ﬁs f?‘hﬂ?&"?%’ié@%z‘e%ﬁfj% fedbygray %*{tﬁﬁﬁms §6gand
coupl ed, atgs, lt(ﬁﬁ%‘baiéﬂﬂﬁd éI@ﬁ‘}%hﬂ% ah@t5 ﬁ‘l@ Hﬁ@érﬁc&@&lf%‘iﬁlen&t &Eie Rlﬁeerl@mentb

8, to the baseband el enent 92 gn

i ndi cated by % lines 86 and
to the RF t¥ b@iﬁ@?s%ront ends of the RF el enent by way of the Ilnes 94.

[ 0043] The dete etect t ation ness nt

the network st tb%fﬁ cfeﬁcc?o%%%qur 5 |d8¥?°£tﬁ8 al“% ) SFSETES Sﬁ’gtqﬁlfﬁgl errent
The det ect artwaRetatibeso the reailedtitionadnd @ 6cep@atARETF tRniche Phd @gakdon
nmessage, or otherw se operates to _identify the communication resources to

be al | ocat SRS 1@ REIEH auRT exnteined rthe pdoctipa message, or otherwise operates to

identify the communication resources to be allocated for the communication of the data,
thereby to provide notification to the mobile station of the allocated resources. Detections
made by the detector are provided to the controller. The controller operates to control
operation of the mobile station so that the mobile station receives, and operates upon, data
that is communicated during a communication session. The controller, for instance,
controls operation of various elements of the mobile station to ensure that the clements
are operable at the proper times to receive the data communicated upon the different
carriers.

[0044] Figure 2 illustrates a representation, shown generally at 108, that shows
pictorially a manner by which the matrix representer forms a matrix representation of
allocations of communication resources pursuant to an exemplary resource allocation.
The exemplary resource allocatioii is indicated at the left sidé part (as shown) of the
representation. A single TDMA frame 112 is shown across a plurality of RF carriers 114,
designated as RF channels 1-8. Channel allocations are indicated by R1 and R2 at five
contiguous time slots on different ones of the carriers, identified as channels 1-5.

[0045] Mapping, indicated by the arrow 118, is performed to create, first, an 8x

matrix 122 shown at the right side part (as shown) of the representation. The matrix



thereby to provide notification to the nobile station of the allocated
resources. Detections nade by the detector are provided to the controller.
The controller operates to control operation of the nobile station so that
the nobile station receives, and operates upon, data that is comunicated
during a communi cati on session. The controller, for instance, controls
operation of various elements of the nobilke station to ensure that the
elenents are operable at the proper tines to receive the data comunicated
upon t he difepeaseniptiorcshomisarlsgicfl0044iheRiagusomr® dilokatBtriatesde duriepe éseniat i on,

h |y at 108 that jctoriall by which th
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exenpl ary resource allocation is indicated at"the |left side part (as shown)
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arrow 118, is perfornmed to create, first, an 8x matrix 122 shown at the

right side $adipeds.Resiiyreso! pweix apnvaiations aromerfFmecdatfoim an2atrix of
represent at,Lgn _ 1. oG} "1 rece allocation,is, mde
during a tine gﬁg{}%ﬁgoolhﬁgflggérsrl?%? n%ﬁ%g%n{)eg?%gp&mﬁaesiafe WY& on i s
made duri ngxthlplacpexanggeondi ng time slot. A first sub-matrix 124 is al so

shown in the fi §6f HIQ_Ler formed of rows and columms that include a
logical 1" val d86Hcaligestignpsssagueingratiop elesant at (hevwgdndigirey) 6t a
mani pul at eghrgRBEd %;ith HBRIIR 0 t{;hﬁe%ﬂ% & 98! @Rﬁ%?eevrhth?és FihAmpfsul t of matrix
mani pul ation of the larger matrix 122. I'n other exenplary allocations and
ot her exenp¢riesentasinhadd measttbe vaudreto popplat: oficldpiare feldeldizpof at iltnstiar e

formed to f trix of d sj f Time slots_and RF
Channel 1 clRiRS a4 el I Fetich tepres e RS PO0E] The

al | ocat i on alfeasiagend@edre! dide@entyoihB Abtwili 6GROND 18 nfdugldlseatibh, AdtifieRiRyi ded
with, here indicated by the arrow 128, with the values of the matrix

r epr esent afi®HesHdon o thetpouyed allosatien. popul ate a field, here field 132, of
an allocation  fEREANE ol i, SEATLE! 8 nBh D Soth 083 bR fIPo520°
containing a radio resource assignment matrix formed of RF channels or mobile
allocation index offsets (MAIOs) together with downlink received time slots for each
TDMA frame during which data is to be communicated.
[0048] In a further implementation, the allocation message formatted by the
message generation element includes additional fields populated with additional
information, such as the starting time, indicated by the field 136 and an indication of a
validity period, indicated by the field 138, as well as other information, as appropriate. In
the exemplary implementation, the starting time is an absolute, i.e., an explicit starting
time or an implicit starting time. The starting time is identified, for instance, by an
absolute frame number (AFN) or an indication of a starting time based upon another
event, e.g., thirteen TDMA frames subsequent to a next slow associated control channel
(SACCH) block, all as defined in the aforementioned operating specification.
[0049] The indication of the validity period, in the exemplary implementation,
forms a time or a number of frames during which the resource allocation assignment

remains valid.



al | ocati on nessage, once sent by the network station to the nobile station,
notifies the nobile station of the resource allocation. [0047] In general
operation, therefore, the network constructs a nessage containing a radio
resource assignnment matrix formed of RF channels or nobile allocation

i ndex offsets (MAI Gs) together with downlink received tinme slots for each
TDVA franme during which data is to be conuni cat ed. [0048] In a further

i npl enent ati on, hgg allgggtion message fornmatted by the nessage generation
el enent i ncl udes! X8l Rerang backiagainge higuae édhoradio saannce eprirol loge olemani on,
such as the I I Lndi e Y fi.el n_indication of
2Vl ity oot o RE R R echifhiop e duet B S BBt 6

i nf or mat i ongckaswiplgmept toaicknowledgd detivexerfithasYodatiph gieenapat The, the starting
tine is an %g%olﬁ}e, i.e., an ex?licit starting tinme or an inplicit
starting tiHEROFHIEEER; FRTq hethe scknearied mead gemesttor isgrarided tompytrangmit
absolute fr iG] 10N I NGt d upon
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validity pe‘ﬁ?‘éiaf%pﬁ?%lﬂflﬁﬁgeafgﬁwlﬁﬁ%ﬁsi%@ﬁéﬁ?ﬂéﬂn@m megsaghihen deliveredrio dhumber
of frames duiwveg dlicgh the resource allocation assignnment remains valid.

13 [0050] Referri nﬁ back again to Figure 1, the radio resource control
| ogi ¢ el enent 7dPdth Inexeinpliry dperation, dokalbwhtédgensage gorertat ot selettedt hat

operates t n cknowl..edgnent to acknow edge delivery of the
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mobi | e station. Ang, the network station includes an acknow edgnent
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net wor k st a.h@Qn - : t d el ivered
to the ne?)trv\or keit? gﬁagﬁk&?#ggﬁﬂféqsn&g&%? géréﬂygb%ée@a%liogﬁﬁftﬁgh%ﬁggg IJIl on
nmessage genmesatgergenamtiseklesteatd i nterval s, generates new all ocation

nmessages, i.e., l.Qcat i on. nessages, that update, or_  override,
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time slot reconfigure message to inform the mobile station that its previously assigned

radio resource assignment shall expire and to use a newly-generated, or updated
allocation. In an alternate embodiment, a specifically constructed reassignment
modification message is sent on the packet associated control channel (PACCH), also as
defined in the aforementioned operating specification. An allocation or reallocation
message is modified and retransmitted to the mobile station at selected, e.g., periodic,
intervals during a downlink temporary block flow (TBF), e.g., at every SACCH period
(480 ms) or other such period.

[0053] Figure 3 illustrates a method flow diagram, shown generally at 156,
representative of the method of operation of an embodiment of the present invention. The
method provides notification of a communication resource allocation pursuant to -
communication of data.

[0054] First, and as indicated by the block 162, a matrix representation of the
communication resource allocation is formed. The communication resource allocation is
made across a plurality of radio carriers. )

[0055] Then, and as indicated by the block 164, an allocation message is

generated. The allocation message includes the matrix representation of the



recei ves updated all ocation information, forns matrix representations
thereof, and provides the matrix representations of the updated, or new,
allocation to the allocation nessage generation elenent. [0052] The
allocation, i.e., assignnent, nessage is sent, for instance, in a packet
time slot reconfigure nessage to informthe nobile station that its
previously assigned radio resource assidﬁnent shall expire and to use a
new y-generated, or updated allocation. In an alternate enbodi nent, a
speci fi cal | §ORBRBiAtIeH EgovreasldecghpnThe plidrtiotaessege irdoseqemunicstémttoon t he
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nmessage i s nodinnedtiandf thetdaansmtted to the nobile station at sel ected,
e.g., periodic, _intervals during a downlink tenporary block flow (TBF),
e.g., at every SM gﬁ?‘i%@fa ety ipdivated by thedrlodu®s, gerallaatiqnonesigeisgure 3
illustrates.gnhehiredatd i ener . at tative
of the neth%dnof operat?ﬁ%g%?ggﬁH%ﬁi%ﬁﬁgg%?gg?ﬁ%#%mgfgéggfmpﬁgg%ﬁigﬁ. The
met hod pr ovicdescaaliodhiicat Aod, wfindicatodry teddsdkors; ¢salibcaionl thesadd ionsed at
pursuant to, communication of data,, [?g54 First, and as indicated QY t he
bl ock 162, HerePPiestaliop esuntolopeation Deret Peshintie heroBrHEsHign ok the data

al | ocati on fhsrck@rBREK 170 €8 oAt r b:0n made across
¢ B3 Bsh R B R PR Al The bt ock

a plurality of radio carriers. [0
164, an al | &wkaewisdgmentongsagsackgenbdaingdby Feeembleataionptheriesagef thecl udes
the matrix &§R5$ﬁﬁn%%&58&50f ihe 14 conmuni cation resource allocation. The
al I ocati on nessagegﬁs fBF S ¥Rt %at i on to provi de the notification of the
communi cati on r 9087 CEhEYQ €abi gt RAEMAN ofl ) A188ati EANBMRECHRN BBIuaLs 4 he

dat a. [OOSQL Thereafter, and as indicated by the block 166, the allocation
nmessage i s DeBhTERICIRiadignod campamination respish atlecations fopde weconanetieats datei on
of the co I i : J |l 1on. And. as_indicated by, .t.h ock
Tos. e aloc i ARterd I E S5O a SRR RR I s T o S
oper ati on tdlecgah qfihscanmuheatidreres@noasni cati on of the data thereto. Bl ock
172 further ind%ﬁsgﬁsrthe generation and conmuni cati on of an

he 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.



acknow edgnent nessage acknow edgi ng, by the renote station, the delivery
of the acknow edgnent nessage thereto. [0057] Thereby, through

transm ssion of an allocation nessage that includes a matrix
representation of conmunication resource allocations nade to comuni cate
data, the conmmunication stations that agf parties to a communi cation
session are notified of the allocation t he comruni cati on resources.

[ 0058] The pr.evious descriptions are of preferred exanples for inplenenting
the inventiOn - and the scope of the invention should not necessarily be

limted by this 1.desgrﬂplai-étmogmﬁzicﬁﬁgB@tiﬁ)éatibh%f%@ﬂ%ﬂ&nidaﬁ&ﬁ%b&@ei s defined
by the follow ng clains. 15 ains: 1. Apparatus for providing
noti fi cati @HO@HI0l PRt HAIAD comiomicatisnaf dea aalokoe plurdity piREuandio frajuency,

conmuni cat i on. of t ( | ural ity of RF, .radio freguency, carriers
and a frarré:%ﬂggsl aﬁ]gaaaﬁaﬁ %ﬁ%‘ﬁﬁ%?pg éﬁft?/r?éthgrlecﬁﬁ(g?’ sgigf @_pﬁlﬁb%rcé?_ $Smpri sing: a
matrix representer adapitad régredershdipled £00IsYR RBcilO8H Grldagbn of thiche
comruni cati on resource allocation nade for the conmmuni cati on of the data,

sai d mat ri XOMPRBIEERRhiSPUEs alpGtipa dnads [prdhe epmmanifiatier of tgpaianspidmatihie
conmuni cat i | Welp e tQ. forr A,
R T R D e LS S S —
i ncl udi ng hlbgratiah and |theesby, ndfaat 4 mgtrishepleeentatidnasahie c@nindnicamseredoirtsg a

correspondi ime slot and frequency; and nessage generator adapted to
receive t h@ﬁ%ﬁ%‘?? o RSB i“gt\]‘d% lpgigal V@S%?ﬁﬂ?‘ﬁleag{nigm‘herﬁ?é@d?@é‘méllﬁ ocation

made by sahfideBlihXa E&@és%@@d‘ihgﬁme%%t%nﬁ%%gﬁ‘&ﬁ .gfg{]erfator configured to
generate an allocation nessage that includes e/he ogi cal values of the

mat ri x represent at i ofnshsaghecoontmadgitd oreceasoiicomtak rgeetchatioaof hes t he

plurality of RF carriers and the plyrality of .tine slots,.the allocation
nessage fo?OIEn&rlﬁ%%ﬁl%llalieis%LHC? %?Ocﬁp?ﬁ?r&ge gﬁéalﬁ&qt’flf S PR HBES B muni cat i on
resource apdmReAbl @AfRUTCEUABENdrSe bl Qllo SR EAT! (RA iREludR8hdRlsReal Caludd\EF
apparatus of claiml wherein the matrix representation fornmed by said

matri x rephedRmtisrenresntaipn et thejogmnaynieatigh|reroatdechlo casfonermedss thelorabiir of er

of the plugallty, of i ri.ers rPss; Whi.ch t he cemmuni cat.i on r.esource

! chirderdnd tf :

al | ocat i ons cait Jle-tlggfu?alﬁ§ oFtiftle Slé’%g, R Ao¥ahi&H message I @b AN S
provide the notification of the communication resource allocation pursuant to the

communication of the data.

2. The apparatus of claim I wherein the matrix representation formed by said
matrix representer identifies time slot allocations of each radio carrier of the plurality of

radio carriers across which the communication resource allocations are made.

3. The apparatus of claim I wherein the message generator is further
configured to identify in the allocation message starting indicia at which the

communication resource allocation commences.

4. The apparatus of claim 1 wherein the message generator is further
configured to identify in the allocation message duration indicia identifying a duration

period of the communication resource allocation.

5. The apparatus of claim 1 wherein the message generator is further

configured to identify in the allocation message a starting time identifying a time at



3. The apparatus of claim1 wherein the nessage generator is further
configured to identify in the allocation nessage starting indicia at which
the comunication resource allocation conmences. 4. The apparatus of claim
1 wherein the nessage generator is further configured to identify in the
al l ocati on nmessage duration indicia identifying a duration period of the
communi cation resource allocation. 5. ng apparatus of claim1l wherein the
nmessage generator is further configuredto identify in the allocation
nmessage a starting tinme identifying a tine at 16 which the conmmrunication
resource al WoicRlicQdmEQIMRII6E fosotBe alfdcafidr ABnihéd¥es, teedtihy Qheliflentitied 15 of
anot her event. 6., The apparatus of claim 1l wherein said nessage generator
is further @mfiagohescest generate a resource allocation term nation
nessage that identifies termnation of the conmunication resource
allocation. 7. The apparatus of claim1 wherein said nessage generator is
further configured tlhegppestas ef dainebvheeat sathmowsgagactahats funbbudes a

mat ri x represent at i on of . a com‘ruag'loc{::%tion resource rea}llo ati.on, the
|

real | ocati on HEESAYEF SR CHIMIT T P0G B TpRs 3RS At IISBEREh of t he
comruni cat iteimin@RAWT e dogahlmedibh §toule allht@tigppar atus of claim 7 further
conprising an acknow edgnent detector configured to detect acknow edgnent
of successful conmunication of the reallocation nessage. 9. The apparatus
of claim1l wherein said nessage generator generates the allocation nessage
at selected intervals. 10. Apparatus for a conmunication station operable
pursuant to cofuni dateprarghs datiam hwhereirsidnhcasgeqrensethe iefutthat  provi des

for nobile o) i ndex ,of f set and fra havi a plurality.of tinme
Srots. sar OMBERL e s Rl R m B e AT A B e ssbbltt Yo

al | ocat i on comssageticietesmetettallcratibg theRamabatic@ineaags fdtb@munidagoddol ocat i on
nmessage i ncludin matri x. representation of a_ comunication resource

al | ocat i on,pr({vﬁi@ @???@PW%E?%%W?&?‘F%W“FW% repllogatifiny ect mapping  of the
comuni cation resource allocation across the plurality of nobile allocation
i ndex

8. The apparatus of claim 7 further comprising an acknowledgment detector
configured to detect acknowledgment of successful communication of the reallocation

message.

9. The apparatus of claim 1 wherein said message generator generates the

allocation message at selected intervals.

10.  Apparatus for a communication station operable pursuant to
communication of data in a communication scheme that provides for mobile allocation
index offset and a frame having a plurality of time slots, said apparatus comprising;

a detector configured to detect an allocation message delivered to the
communication station, the allocation message including a matrix representation of a
communication resource allocation, the matrix representation formed of a direct mapping
of the communication resource allocation across the plurality of mobile allocation -index
offsets and the plurality of time slots and formed of rows and columns including logical
values indicating whether a resource is made during a corresponding mobile allocation

index offset and time slot; and



offsets and the plurality of time slots and forned of rows and col unms

i ncluding | ogical values indicating whether a resource is made during a
correspondi ng nobile allocation index offset and tinme slot; and 17 a
controll er adapted to receive an indication of detection made by said
detector, said controller configured to control operation of the

communi cation station responsive to detections made by said detector. 11.
The apparatus of claim 10 further conpri sing an acknow edgnment generator
adapted to receive indication of delivery of the allocation nessage, said
acknow edgnent generak@huﬁﬂﬂ%ﬂﬂﬂ&ﬁﬂr&%n&%ﬁ%ﬁ@&ﬁmﬁQf@&%&ﬂ%hﬁﬂ&qﬁﬂ%uﬁhat
acknow edges delivery of the allocation nessage. 12. nmet hod for providing
notificati distorasakimniipiie gonenredionentrel oparation af themoparwisation station

comuni cat 'r@ﬂ)oﬂglvgﬁ’)t&t GLASS c?eng aa&cltetcy rof RF, radio frequency, carriers
and a franme having a urall? f ots, sai d net hod conprising the
operations of: fornlng by dlrect napplng a matri x representation of the

comuni cati on sour,ce al |l ocat as rows. and col umms |nclud|ng
| ogi cal val ues | di CJ?FH B ai Ibrflagfgifrce@priém&&aécw%

cor r espondigagerbiofBdaptedtto eé&ew% HRALRIE )6{ délh@rf&fmyﬁl!&%émessﬁgé Quuce

al location made across a plurality of radio carriers; and generating an

al | ocat i on FEsSdedemanbgencrriorseaSzumdtd gageret anagkueseedgmaertéhat nat r i x
representa%ugﬁmggékpgdgggnaqggﬁ%kgpI{ﬁg %ce al l ocation across the
[ RF cCa of

plurality of rrier uralrty of time slots, the allocation
nmessage for comrunl cation to provi de the notification of the comrunication
resource all ocay urslga(gl% to t@ ni thl:;ltl on of, the data. 13. The

met hod of claim ‘P% Pe CORBTY P%B HEUP eF 2 URIBFAEBHEIY ng

oper ati on aflodatien pe:emtm@maﬁmmnwwua&rosw Tubgity onEENE&a tiegierf, t he
data thereto. 14 The rret hod of claim 12 furtlr)'uer conprising the operation

of acknow SYGERGN dwmsthaymearugliyad simeotiotiesaisapehed corpprisingdhe vi ng
station. 18perdfponsbipe Mmethod of claim 12 wherein the matrix representation

of the
forming, by direct mapping, a matrix representation of the communication

resource allocation that has rows and columns including logical values indicating whether
a resource is made during a corresponding time slot and frequency, the communication
resource allocation made across a plurality of radio carriers; and

generating an allocation message that includes the logical values of the
matrix representation of the communication resource allocation across the plurality of RF
carriers and the plurality of time slots, the allocation message for communication to
provide the notification of the communication resource allocation pursuant to the

communication of the data.

[3. The method of claim 12 further comprising the operation of controlling

operation of the receiving station pursuant to the communication of the data thereto.

14, The method of claim 12 further comprising the operation of

acknowledging receipt of the allocation message at the receiving station.



conmmuni cation resource allocation is fornmed during said operation of
formng responsive to an indication of the comunication resource

al l ocati on nmade for the comunication of the data. 16. The nethod of claim
12 wherein the allocation nessage forned during said operation of formng
further identifies a starting indicia at which the comunication resource
al l ocation commences. 17. The nethod of ;gl aim 12 wherein the allocation
nmessage forned during said operation og formng further identifies a
duration period of the conmunication resource allocation. 18. The net hod
of claim 12 wherein the allocation nessage fornmed during said operation of

formng further iden?ifies a starting tine that identifies a tinme at which
the communi cati dn- r eddGreehod 9islaim g vhesrimtisaaatix copscssntation plghe i me

i dentified domubi@fidHion Aso MO bINSati&Y RMbrmed during said operation of forming responsive

to an indication of the communication resource allocation made for the communication of

the data.

16.  The method of claim 12 wherein the allocation message formed during
said operation of forming further identifies a starting indicia at which the communication

resource allocation commences.

17. The method of claim 12 wherein the allocation message formed during
said operation of forming further identifies a duration period of the communication

resource allocation.

18.  The method of claim 12 wherein the allocation message formed during
said operation of forming further identifies a starting time that identifies a time at which
the communication resource allocation commences, the starting time identified in terms

of another event.



