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
i nvention relates generally to the conmunication 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) communi cation service. Mre particularly, the present
invention relates to apparat us and an assom at ed net hod by which to form

alert the co | ocati on,
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subsequent |y comuni cated d : | nvention [0002] The
rapid rate at which conmunication technol ogi es have evol ved has pernmtted
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System for Mbile connunlcatloqﬂg cel lular comruni_cation systens have been

devel opedStaifp igioperale Reshlogyesdve MrsAveily coramypcted g#8vi de for GPRS (General
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 preserBackenomiet abthedndagiony ment . EDCGE- capabl e
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permitted the development and deployment of radio communication systems capabie of

‘

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 communicated 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




comuni cation systens. In spite of the inproved communication capabilities
of an 2 EDGE-capable system there is a continuing need yet further to

i ncrease the achievable data throughput rates by which data is

comuni cated in a radi o communi cati on system [0004] An EDGE- capabl e
communi cation systemis operated in gengral conformty wth an operating
specification pronul gated by a standards-setting body. The operating
speci fi catj fi st .ot her -t hings hannel struct e hat
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[0006] It is in light of this_ background information that the significant
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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 aliocation
to a recetving 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.




resources allocated to the comuni cation of data in the conmunication

- systemshown in Figure 1. [0009] Figure 3 illustrates a nethod fl ow
diagramlisting the method of operation of an enbodi ment of the present
invention. Detailed Description [0010] The present invention, accordingly,
advant ageousl y provi des apparatus and thod for use in comunication of
hi gh- speed data to perform a hi gh-speed data radio conmunication service,

such as EDCE (Enhanced Dat af or, M.Exol u 'orB data conmmunicated in an
EDGE- capabl e conmuni cati on %‘éﬁiﬁm comuni cati on servi ce.
[0011 ] Thr oughoonre Fahir@h ilafstrars e faadion®ilodf diidiem pf es exdmplawent i on, a
resource allocation nessage . is generated, the contents of _which provides
noti fi cat FomTARicatignpsng Bt Bsludes e pbedimepiRitbepresint Myspiion 35 anpstion
comuni ca pne0f data, such as pursuant to the communication of EDGE data
communi cated to performan EDGE communication service. [0012] The

comuni cat i on (@3] Figse 2ilbusahics a atpreseatation of anpatrin fokmed pakuandieh o
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the val ues of each matrix el ement t.oget her populating a field of the

al | ocati on nessage. [0013] The alie j1agsc ge is communi cated between
conmuni cati on j t. 0 [ EHHEH- ' ession
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second co nicatio tation to notify the second comruni catiqn
%o commumr::atslon service, such as ED&E &nhance Data for GSM Evolut?on) data

communicated in an EDGE-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
communication 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.




station of the comunication resource allocation. The matrix representation
Is, for instance, a straightforward mapping of the tine slot allocations
within a tine frane across each of the plurality of radio carriers.
Alternately, matrix manipul ations are also perforned to reduce the size of
the matrix and, correspondingly, the sige required of the matrix
representation of the resource allocation in the field of the allocation
nmessage i : - DE; . invention, a
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that prov 'm%‘t:i%; %I‘és!:ﬂtgt%ﬂ ﬁ%n%fﬁocation 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
forms 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 representation 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




5 reallocation of the conmunication resources, formng alternately a new
all ocation nessage or an update of an earlier allocation nessage. [0017]
I n anot her aspect of the present invention, the allocation nessage, once
generated, is conmunicated, by way of a radio air interface, froma first
conmuni cation station to a second commyni cation station. The second
conmuni cation station, receiving station, includes a detector that
detects t&%ll&&ﬁ%ﬁ %&'ﬁle(%:fo#rll[ﬂ.ﬁn@tloﬁg&tohpc@ %ﬁﬁl‘ﬁg?ﬂtaﬁ&glyt ew ﬁ!o%gt?mp f the
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communi cation sessioh during

allocation message 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,ﬁ 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




whi ch data is to be communi cated. [0021] In these and ot her aspects,
therefore, apparatus and associated nethodology is provided for providing
notification of a communication resource allocation pursuant to

comuni cation of data. A matrix representer is adapted at least to 6
receive an indication of the comunicat4on resource allocation nade for the
comuni cation of the data. The matrix representer is configured to forma
matrix f‘e%l%é%&‘il?d&éa%’an %Efﬁefl:%xrrﬁiﬂilvﬂﬁ'oﬁ%égﬁ&e aﬁ89a%ﬁ %al?i' 'f&ctﬁ{: ion. The
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operation _of the comrunication station responsive to detections made by

the det ecfasm copmapmsatipnsiation eperable@pusiipalto semawmnication pf daa inasf er ence i s
made to Fj jaraa bl neral |y
at 10, i nb%m C g%aggr%olgg &)f&@&%tfﬁrelﬁpr es elo%@t?dﬁéﬁ%%%’%ﬁ%s%ﬂA?&%ﬁ%g?@ The
comuni catémfigusydsibeietect an altwatborempisagy deliverdaotie @himmicdtonstatianddhe radi o
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comuni catléteetos yEhegnntroller is configured to control operation of the communication station

responsive to detections made by the detector.

[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




I s anal ogously representative of conmuni cation systens operabl e pursuant to
ot her commruni cation schenes. Accordingly, while the foll ow ng description
shal | descri be exenplary operation of the conmunication systemwth
respect to its exenplary inplenentation, the teachings of the present

i nvention are anal ogously applicable fof inplenentation in other types of
communi cation systens. [0024] The comruni cation system 10 is a nulti-user
communi Ca{iét&r'arﬁ § d\g@ féﬁwﬁtsso%tan E‘W&'ﬁ%@f téo%énti@attfoﬁgﬁ dtem. The
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that is, fromthe network station to the nobile station. Operation in an

upl i nk di fremx the netwiorlestatidn torthe miobilersiativn Operiiomintan uphiek deestonki.1 Bemon i s

anal ogous C A.conmmuni cat i.on St n 14" is al so shown
1y gor o B AL SR el R T RS el b "anot ner mobi | 6
station that i poo2spabdopufifinicatdarsttionatt Rt bweah Rigotd h The net work

station 12. Separate point-to-point comrunication_ sessions as well as
nul ti cast cBmRDIcAERR statan 14 reprpasats aaother mehilestation biahisgmadladd by t he

network s tAmongst t he
pr ot ocol shzlgngﬁalo WIE% t%mt%gﬁ?‘@@%ﬂ?%%é‘ﬁ% fgr%gaééﬁj (m{tqg gltnl on a?e

def i ni t i onemoiuntatidDéEssiotmaasved]] &t multicast eomidvaidaiéss mhnamiele gstdlataak ure is a
TDVA (Tine Divisio tiple Access whi.c of eight tine
slots foffaupicy b%ﬁwp{%wm%@gﬁeemma@msoﬁémﬁﬂé made by
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allocated time slot or tinme slots. maxi mum transm ssion rate of 59.2
kb/'s per spesification ajeglefinitoenof gn ED@E chadnélstracture. The EDGE channel structure

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 communicate 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 toa single communication session, i.e., for the
communication of data between a séf 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




pronul gati on of the operating specification. Wien a comruni cati on service
Is to be perfornmed, communication resources, i.e., tine slots within
frames define upon the carriers available for communication, are allocated
for the conmmuni cation of the EDGE data. [0027] As each frane includes
eight tine slots, at least theoretically, all eight time slots of the
frame can be allocated to a single comunication session, i.e., for the
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slots are al'so required’to be allocated to performother data and traffic
servi ces. a@(mmpmtllctitlmnsdrmethe comuni cation resources limts the

availability o rti.cularly contigquous tine.slots that are
avai | abl e to bLOOZrlbi gera‘? e, it iy et Hﬁ’g’u'i’ ﬁg}t‘?f&r‘(ﬁ%@r‘\ﬁyé’é [0029]
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single time slot for assgnm&nt t he stat i stical probability of six
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al l ocation to communi cate data pu suant to a particular mruni cati on
for allocation to communicate data pursuant to a particular EDGE communication

service.

{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 carriers. Pursuant
to operation of an embodiment of the present 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.




service. [0030] Contiguous time slots, or at |east other additional tine
slots, are sonetines available on other radio carriers. By permtting the
all ocation of tinme slots across a plurality of radio carriers for the
comuni cation of data pursuant to a single comrunication session, an
increased data throughput rate is achieyable. Wien communication resources
are allocated across a plurality of carriers, however, the conmunication
stations r n rable in
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shown t o preidedehae tlicaedisyowag of the linek26. SThabaskbant clesent parfirhsaktions dat a
[ [ y of thellne 22. The application data. is for

is applied by
comuni cagwg W5rAB10BE, SHeh 8 DI TNAT B AROGHA e AR EUREmor ¢ EDGE
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| ayers including a radi o resource managenent ayer. Thé network
st ati on abperaiedwponlby the tnaceind chément nsap:tovﬁl&dit@)tlwhachh cltateat, e indicated

by way of the lines 32. The radio 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.




provi ded, here indicated by way of the lines 26. The baseband el enent
perfornms various baseband operations, such as baseband processing,
nodul ati on, and channel coding. [0033] The network station also includes a
radi o el enent 28. The data, once operated upon by the baseband elenent, is
provided to the radio elenent, here ingjcated by way of the lines 32. The
radio elenent is fornmed, at |east functlonally of radio frequency

transceiver fr s . 34. N.radio tr e|v Figur Each
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here i ndi ate t the | ogic enen i s, further
coupl ed t B3R equ@‘&ﬁ% by a@ﬁ@ﬁ%ci iﬁglcwéwa q/i‘ r@aqr]@d:'fﬂ% fwaﬁfs’éfmf REMgd bethes )
The |1 0gi CaligRPRe REVAHAL fFihe KABUAYSISHRRL T ONS and, in the exemplary

i npl ementation, 1s enbodied at a radi o resource nanagenent | ogical |ayer.
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e.g., theThenwnberaff radid aartidatact®s mudiﬁheammaﬁbﬁsaéredladeﬁs depemichy pgonof

i ndicia that, \gn anal yzed by the anal yzer, permts the conmunication

r equi r eme MU A Himigrivdingdng %ab@aﬁaoaa@awgﬁaw Hationa hsidy to say,
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provi ded to the resource e resource a cat or operates
t o al | ocatenmenivatmgattthofrequeacyiofths radio carrier upon which the allocation is made.

Allocations are further dependent upon factors including, e.g., resource availability, the
indications 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




across a plurality of radio carriers. In the exenplary inplenentation, a
nobil e all ocation index offset and tine slot conbination is provided for
each of the allocations nmade by the allocator. Resources are assignhable
upon successive, or sequential, tinme slots on different ones of the
plurality of radio carriers associatedyith the nobile allocation index
of fsets. The nunber of radio carriers across which the allocations are

made i s dependent on. varioys,factors, ingl.uding the. capabilities of the
Cormmunt cab AR EPrpteR ARalodif )t (G ELR1S haf F WL RrioRTESRATRIEE' o2 110G
the comuthgsaiit edirsp@tibR B8 themetwdik se@pabl e of communi cating at the
frequency of the radio carrier upon which the allocation is mde.

Al | ocations ar B0 Themohipatatiemi4 isdsre shawtngp dnglyde ancantrgna tragsducerddour ce
avai |l abi || lkpd] ' b C real i t '
resource g%%?r%‘%ﬁ??nct) 8 ?gd 193?%%@@]%1%@3 Wr@%’s%l& ?acrgdlg Iqjc"(%g gtﬁg {racg 2?\'e ?1611% gg,eﬁ%?éng auses
t o be genaichidesla pheality of trameesisagesnttchdd 7@ weth pliffaretatied of thb eansdiverspr ot ocol

stack, th .basebmd el epent, and_the RF elenment to control their operation
responsi vecis OpEaIgRt qnb FATHET FedsusIse s made by the allocator. [0039]
The i ndi cati onyqfso{ e RlobRE 3afith HRAQES & Rt Sardies AR QUIHE ol Rgic
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generator ,62 that formats.and forns an allocatfipn nessage. Once .generated,
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t he al | oc88«td the kasehand elemegnd H2,0ind Th therRIE rpnsseiyprafitent sads ¢fghe BE damentbli | e
station 14 | bl Figure 1 to include structure anal ogous to the
struct ureéjglfv%ifﬁ%q}r%{e%?\?\g‘r k station. The receive chain 11 portion operates

anal ogous to, pog43] dHedstectbos bpdrated to ddieet derallesnivndndgageatitbythet he
transmt chain portion of the network statijon, @041 ] The nobile station
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i ncludes a plurality of transcelver tront en nt ones of
t he transda&ntifyrthe 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 elements
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 allocation is indicated at the left side 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




bei ng operable at different carrier frequencies. [0042] The nobile station
I ncludes a nmulti-carrier radio resource control logic elenent 78, also of
an enbodi rent of the present invention. The elenent 78 includes a detector
82 and a controller 84. The radio resource control logic elenment is
coupled, at least functionally, to thg radi o protocol stack, here

I ndi cated by way of the lines 86 and % to the baseband el enent 92, and

to the RF transc nds of t nes 94.
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various elenents of the |l e station to ensure that the elenents are
oper abl e adutdiesipy gfermt Tiesslpts and ¢ chantdl ecdimtincismeirinmyed t thgon t he
different carriers. [0044] Figure 2 illustrates a representation, shown
gener al | y5E SXPWRIE- shows  pictorial |y a manner by which the nmatrix

representer fo[oeeRTHRENbALIOER HEREHO batdr&bndlematt 6@ ¢Howaia Fadurs PNWUNI cat i on
resources pursuant to an_exenplary resource allocation. The exenplary

resour ce Bfavistedtwithh here indigited b theagrrovh 828, aith the weuescafithg metrikhown) of the
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t he carrlers identified as channels 1-5. [0045] q i ndi cated by the
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right si dﬁo%ﬁé%ta&@ﬁo?ﬁ%%u@e aill?@a,poﬁpr esentation. The matrix 12

representation shows a | ogi cal when a resource allocation is nmade
during a time §E7] In general operatlon therefore, the network constructs a message

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.




upon a carrier and a logical "0" if no allocation is nade during the
corresponding tinme slot. Afirst sub-matrix 124 is also shown in the
figure, here formed of rows and colums that include a |ogical "1" val ue.
The sub-matrix 124 is representative generally of a manipulated matrix
formable by the matrix representer as result of matrix manipul ati on of
the larger matrix 122. In other exenpl afy allocations and other exenplary
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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




remains valid. 13 [0050] Referring back again to Figure 1, the radio
resource control logic elenment 78 further includes an acknow edgenent
generator 144 that operates to generate an acknow edgnent to acknow edge
delivery of the allocation nessage. The acknow edgnent generated by the
acknow edgnent generator is provided tg,a transmt chain portion (not
shown) of the nobile station. And, the network station includes an
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[0058] The previous descriptions are of preferred examples for implementing the

invention, and the scope of the invention should not necessarily be limited by this

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




[0054] First, and as indicated by the block 162, a matrix representation of
the comunication resource allocation is formed. The communi cation
resource allocation is nade across a plurality of radio carriers. [0055]
Then, and as indicated by the block 164, an allocation nessage is
generated. The allocation nessage includes the matrix representation of the
14 communi cation resource allocationl5The allocation nessage is for

comuni cation to provide the notification of the comruni cation resource

al l ocation pursuant to the, comunication of the data. [0056] Thereafter,

and as indi catkd byARBHEANE IBERIOTERE RGtdicaiRiACPBRURdESIHce comruni cat ed
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provi ding notif.ication of comuni.catiqn resource allocation pursuant to
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matri x representer adapted at | east to receive an indication of the
comuni cathcamaiiespirseration oféha sosrmyriersion sesopise abesatiemacesthaplemlitied dat a,

sai d Matr ¥ 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.

2. The apparatus of claim 1 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 1 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




representer configured to performa direct mappi ng of the conmunication
resource allocation and, thereby, to forma nmatrix representation of the
comuni cation resource allocation rows and col ums including | ogical

val ues indicating whether a resource is mnade during a corresponding tine
sl ot and frequency; and a nessage generator adapted to receive the matrix
representation of the comrunication idé&source allocation nade by said
matri x representer, said nmessage generator configured to generate an

al | ocati on nmessage that .includes the |ogical values of _the matrix

r epr esentiFHiesprppaicatioris e 3llpgatiancommpaaces thestartingriimeidgatifiedie

plurality.ofs ofRhoardkfrs and the plurality of time slots, the allocation
nmessage for comrunication to provide the notification of the conmmrunication

resource allocation pursuant to the comunication of the data. 2. The
apparatus of c ai mT’h wher etiln tt(il'je nPt H X. reFir esent ation for de by said
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al l ocations are nade. 3. The apparatus_of claim1 wherein the nessage

gener at ortefaingtign i die copymmicitipa gesewrce aleratiPs i n the al |l ocati on nessage
starting indicia at which the comrunication resource allocation commences.
4. The apparatus of claim1l wherein the nessage generator is further
configured to identify in the allocation nessage duration indicia

identifying a durati ri he co pcation r Ortﬁ% | | ocation. 5.
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term nation of the comunication resource allocation. 7. The apparatus of

| claim1 wherei gl S aiﬁe%ﬁzﬁ@tﬁ? o8 RG] f‘mﬁle} @onflﬂﬂsmé% 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




configured to generate a reallocation nessage that includes a matrix
representation of a comunication resource reallocation, the reallocation
nmessage for comrunication to provide notification of the comrunication
resource reallocation. 8 The apparatus of claim7 further conprising an
acknow edgnent detector configured to detect acknow edgnent of successful
comuni cation of the reallocation ne$sdage. 9. The apparatus of claiml
wherei n sai d nessage generator generates the allocation nessage at
selected intervals. 10. paratus for a communication station qperable
pursuant to cormumcea&rqﬁlﬁfﬁa@w@é%eqewe@né%?ﬁyﬁneﬁ@qtfé?ﬁwggwéﬁéw%t provi des
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slots, said apparatus conpri a detector configure etect an

al | ocat i ansmssa@eimtwmenmuy@atdk@tectmmmm cation station, the allocation
message including a matrix representation of a comunication resource
allocation, the matrix representation forned of a direct mapping of the

communi cat i on resoueapgdrhtosaf didim BCfuftisr dofiribing b héknywiidgatesti | e al | ocati on
index offsets and the plurality of time slots and formed of .rows and
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17 a controller adapted to recCeive an i1 ndication of detection nmade by sai d
det ect or , ackagwicdgasdelotdreef the allgcglivenhesseagsont rol operati on of the

communi cation station responsive to detections made by said detector. 11.
The apparatus of claim 10 further conprising an acknow edgnent generat or
adapted to reclei ve A ngihod tforgmovdfing @biifietiyn of a tdiemahicaibatrewnrcgessage, sai d

acknow ed ner at or coan re 0 generate no ment t hat
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comuni cation of data across a plurality of RF, radio frequency, carriers

and a fraonsraigus el a plurality of time slots, said nethod conprising the
forming, by direct mapping, a matrix representation of the communication

resource allocation that has rows and columns including logical values indicating whether
aresource 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 pursnant to the

communication of the data.

13.  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.




operations of: formng, by direct mapping, a matrix representation of the
communi cation resource allocation that has rows and col ums i ncl udi ng

| ogi cal val ues indicating whether a resource is made during a
corresponding tinme slot and frequency, the conmunication resource

al l ocati on made across a plurality of radio carriers; and generating an
all ocation nessage that includes the [18gi cal values of the matrix
representation of the conmuni cation 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 conmmunication
resource allocpgfio t i a. 13. The
met hod of cIalﬁ%12n¥urtﬂg§f%%%%?ﬁ2$ﬁg&§'e op%?ggﬁﬁﬁgo ‘%gﬁﬁgilling

oper at i onc(uﬁmmhleatmceswmagllecuaabn wfopue:c‘sahmxg shid optretigrosfifarming réspensofe t he

dat a ther od o claiml t her sing the operation
of - acknoveetrition st Cobrn gy @liof rdeler 1AL DRks T ek Plaieaford®
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of the communication resource allocation is fornmed during said operation of
formng responsive to an indication of the comunication resource
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nmessage f Of e rrng saldloperatlon of formng further identifies a
duration period of the conmunication resource allocation. 18. The net hod

of claim 12 wh t tio ssage rmed durin sai d .operation of
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identified in terns of another event.
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.



