APPARATUS AND METHOD FOR Sl GNALI NG COVMUNI CATI ON  RESOURCE ALLOCATI ON ON A
BLOCK BASIS [0001 ] The present invention relates generally to the

comuni cation of data pursuant to a high-speed data radi o comuni cation
service, such as an Enhanced Data for GSM Evol ution (EDGE) conmuni cation
service. Mdre particularly, the present invention relates to apparatus,
and an associ ated net hod, by which to i dent | fy allocation of conmunication
resources in an extension to a header part of an RLC (Radio Link Control)
data bl ock generated pursuant to communi cati on operations. Background of

the Invention [0Q0ZARANIY ANIEMIPI HOFEOR SRENAMING COMBVSNETATION
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communication systems. However, the rapid rate at which communication

technologies have evolved has also permitted the development and deployment of
radio communication systems capable 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 by
way of radio communication systems shall likely become possible and
communication services necessitating data to be communicated at such higher data
throughput rates shall correspondingly become available.

[0003] Various cellular communication systems, constructed in conformity
with various operating specifications, are exemplary of radio communication systems
that are capable of communicating data at high data throughput rates. 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



2 data rates. An extension to GPRS, referred to as EDGE (Enhanced Data for
GSM Evolution), is presently undergoi ng depl oynent. EDGE-capabl e

comuni cation systens provide for communi cation of data at data throughput
rates that are significantly higher than those achievable in GSM GPRS-only
comuni cation systens. In spite of the inproved communi cation capabilities
of an EDGE-capable system there is a con@inuing need yet further to

i ncrease the achi evable data throughput rates by which data is

comuni cated in a radi o communi cati on system [0004] An EDGE- capabl e
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o fast 0005k ity 0, 66, 0B TP ABGRAN ELTRE 173 B0 0
6,563,806, e.g., discloses a multi-carrier TDMA system. Data, at a Radio Link
Control (RLC) layer, is typically communicated as a series data RLC data blocks,
each RLC data block including a header part and a payload part. Due to various
requirements, even though frames and time slots are defined upon each of the multiple
carriers that are available for use to communicate blocks of data, communication
resources that are allocated for the communication of data pursuant to a particular
communication session are allocated upon a single carrier. Communication resources,
to date, are not allocated upon multiple carriers or, more generally, across a plurality
of mobile allocation index offsets. Because, conventionally, communication resource
allocations are made upon only a single radio carrier or mobile allocation index offset,
there presently is no mechanism by which to identify clommunicat.io'n resoﬁrcés ‘across
a plurality of radio carriers or index offsets.

[0005] 1t is in light of this background information that the significant

improvements of the present invention have evolved.



Brief Description of the Drawings [0006] Figure 1 illustrates a functional
bl ock di agram of an exenplary comunication systemthat includes an
enbodi ment of the present invention as a portion thereof. [0007] Figure 2
illustrates a pictorial representation of exenplary operation of an
enbodi nent of the present invention that fgrms part of the conmunication
system shown in Figure 1. [0008] Figure 3”illustrates a representation of
an exenplary RLC block forned pursuant to operation of an enbodi nent of
the present invention. [0009] Figure 4 illustrates a nethod fl ow di agram
listing the method of operati OrBr@échﬁﬁﬁ@ﬂioﬁ‘ﬁ[HD@sz;hﬁﬁ present invention.
Detail ed Descripti \(')[n@&gOlO] The present 1 nvention, accordingly,
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EDCE- capabl e cpomnmrthmabf on system to performa data comruni cation service.
[ 0011 ] Through opi{i@w%g@ enbodi ment, of the present invention, the
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service. [0012] Th ni catjon resources are |l ocated ac
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representation of the communication resource allocation. By al | ocat | ng the
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|'i kel i hood of it durln articular tine slot is
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available at a single carrier. The conmuni cation resource allocation is
made of tinme slot allocations on different ones of the radio carriers, and
the matrix representation is formedP2gégiled Description

[0010] The present invention, accordingly, advantageously provides apparatus

and method for use in communication of high-speed data to perform a high-speed
data radio communication service, such as EDGE (Enhanced Data for GSM
Evolution) data communicated in an EDGE-capable communication system to
perform a data communication service.

f0011] Through operation of an embodiment of the present invention, the
header part of an RLC (Radio Link Control) data block is selectably populated with
values that provide 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 an assignment bit map is formed that is of values that correspond to, or
are otherwise representative of, 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, and the matrix representation is formed of

matrix elements positioned in rows and columns, each matrix element identifying, for



matrix el ements positioned in rows and colums, each matrix el ement
identifying, for 4 a single tine slot and carrier or index offset

conmbi nati on, whether resources are allocated. The val ues of each matrix
el ement of the matrix representation is used to forma bit map that

popul ates a field of the tenporary flowse4 identifier. [0013] The bit map
popul ates a header extension field of an RCC block that is comruni cated
bet ween comruni cation stations that are to be parties to a conmunication
session pursuant to which data is communi cated. The RLC bl ock, including
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and sel ect abl yilwqaubuﬂsthmhetlmalﬁtaﬂ& afost b@shbif&hd@lﬂrdhhﬁbf tagicoemesrabed by the
bit map construl%%? VaI f the bit popul ate an extensjon field of
the header paft" uKper "EFF‘ P4 Rgnipwatipnsdp dedice thresizg & th ock
with such val #agix fe gserng%jler part of the RLC block forms a notification
nessage that is ca abI e of providing notification of the communication
resource all ocati oF{JOﬂ(ﬁbbl oree aspect of the present invention, a bit map constructor is

provided that, responsive to an indication of a matrix representation of the
communication resource allocation, forms a first assignment bit map. The matrix
representation is formed of a direct mapping, or a matrix manipulation of the direct
mapping, of the communication resource allocation across the plurality of carriers
during a frame, or other appropriate period. And the assignment bit map is of values
corresponding to the matrix representation.

[0015] In another aspect of the present invention, a message generator
receives the assignment bit map representative of the communication resource
allocation and selectably includes the values of the bit map that is generated by the bit
map constructor. Values of the bit map populate an extension field of the header part
of an RL.C block. By populating the ficld of the RLC block with such values, the
header part of the RLC block 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 RLC blocks have header

extensions populated with updated assignment bit maps that form reallocation



communi cate data. [0016] In another aspect of the present invention, the
resource allocations are dynamcally nmade at sel ected intervals.
Successi ve RLC bl ocks have header extensions popul ated with updated
assignment bit maps that formreallocation 5 nessages that reall ocate
earlier allocations of conmunication resources. Wen the bit map
constructor receives an updated, or other éubsequent, i ndi cati on of
resource allocation, the bit map constructor forns an updated bit map
construction representative of the conmunication resource allocation and

provi des the updabgd thitteallvegie emtist 41URbii@R, ofRbmiMGiGabh RduRks.charges tio a
prior bit map construction, to the nessage generator. The nessage
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Val ues of thetid donmiadtRna¥dduagked and provided to a controller. The

controller controls operation of the receiving station so that the
recei ving station i[@lggél? aimithertagpect ef hiewnsesgalt inveniloseda&itC Jateblonkuni cat ed

using the co | i . I for the conmmunication of the
data. [0018] T ghlﬁe stgglééﬁgﬁkégtg ed' %A)P U?Zﬁg& %géléeg%smégﬁlgp%wage?réc& ably
i ncl udes f ur gtreratedifiocommunicated Uphwas of Hfadiddit idaficdeRbinfayfidg a starting
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contents of the header part of the received block and the values of the assignment bit

map contained therein and representative of the communication resource allocation.

Values of the bit map are extracted and provided to a controller. The controller

controls operation of the receiving station so that the receiving station is operable to

receive data subsequently communicated using the communication resources

allocated for the communication of the data.

[0018] The message generated by the message generator selectably includes
further information, such as information identifying a starting period at which the
allocated communication resources shall be available for the communication of the
data. The indication is, alternately, an absolute indication or an implicit indication.
Or, the resource allocation is defined to pertain to a selected number, e. g., four, blocks
of subsequently communicated data. Alternately, 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 or, in a multicast, to a group of
mobile stations. The communication resources are allocated across a plurality of

radio carriers, identified, e.g., in terms of mobile allocation index offsets (MAIOs).



of subsequently communi cated data. Alternately, the duration period is,
e.g., tine- based, represented in terns of a frame duration | ength. [0019]
In one inplenmentation, the resource allocation is nade at a network part
of an EDGE-capabl e radi o data communi cati on system for the comruni cati on of
EDCGE data by the network part to a nobile station or, in a nulticast, to a
group of nobile stations. The comruni cation resources are all ocated across
a plurality of radio carriers, identified, e.g., in terns of nobile
al l ocation index offsets (MAIGs). 6 [0020] By form ng a header extension
that includes a bit[0fBQ Befrreseni dtideectitnddiethaONBMOECAbit HAp rEFONGE Ve of
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communi cat i on thé rdm@dsta@ed data in a high-speed data radio conmmunication
service in which communi cation resources are allocable across a group of
radi o carriers and [P93d Isthsse androtbict aspags.dbersfory atroultii@rdeapdiedesatrdeeast t o

receive an indgj i he cqomuuni cati o source allocation nmade for the
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to construct parshitsd cansiv@iaEdh obhighipeedfatd M6 1GRRPEIICRE @Rio- esour ce

al l ocation. A nessage generator i s adapted to receive the bit map nade by

the bit map cSASPTRPHPT service iyapishaposrmynicationfresguras atenligeatde atressi RLC
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for nobile allocation index offset.
message generator 1s adapted to receive the bit map made by the bit map constructor.

The generator is configured to generate an RLC message block that includes a header
extension field populated with values of the bit map. The message is for
communication to provide the notification of the communication resource allocation
pursuant to the communication of the data.

[0022] In these and other aspects, further apparatus and methodology is
provided for a communication station operable pursuant to communication of data in
a communication scheme that provides for mobile allocation index offset. A detector
is configured to detect a message delivered to the communication station. The
message includes a bit map representative of a communication resource allocation, A
controller is adapted to receive an indication of detection made by the detector. The
controller 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 first made to Figure
I 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



is configured to detect a nmessage delivered to the conmunication station
The nessage includes a bit map representative of a comrunication resource
allocation. A controller is adapted to receive an indication of detection
made by the detector. The controller is configured to control operation of
t he communi cation station responsive to dgtections made by the detector.
[0023] Wth these and other aspects in mnd, reference is first made to
Figure | that illustrates a conmunication system shown generally at 10,
in which an enbodi nent of the present invention is operable. The
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of the commu élrﬁeégf%qmumﬁ@mmﬁmsmmr@mmw@mmtm 1greatll , at tines,
be referred tg,mhehRL# rggta@mpgg \gpg oA P‘i’gurﬁg T E%gcomq%@ﬁﬁfsgﬁog?%a“ on

14 is representative o ation fion 14

shal |, at ti mreshniatwmﬂmenembﬂcrsﬁaﬁ:bm Gornd oﬁet&i’(ﬂnl&@f&t@twm phét offthd her of
t he conmuni cati on st atl ons 12 ’ﬁlgd 14 is capable of _generati ng and
a a

comuni cat i ng" EBEENGAD 58l ahte ¢UpERIcHiMaTYs €O} 2 ﬁWHEﬁGEn@Fa refefsgd/foce.
Operation Shahéreﬂﬁ%s@%ﬁ%&%@at%tia T@%Qgﬁﬁmﬂi@c CONTLALE q‘ﬁ'i@ Pﬁgseﬂgt{l)\?e] I @

down-link direction, that is romthe network station
station. qgerlalpbldmstatzon and the communication station 14 shall, at t1mes, hereln be referred to

as a mobile station 14, Either of the communication stations 12 and 14 is capable of
gencrating and communicating EDGE data pursuant to performance of an EDGE data
service. Operation shall be described with respect to communication of data in a
down-link direction, that is, from the network station to the mobile station. Operation
in an uplink direction, i.e., from the mobile station to the network station is
analogously carried out,

[0025] A communication station 14 is also shown in Figure 1. The
communication station 14° represents another mobile station that is capable of
communicating EDGE data with the network station 12. Separate point-to-point
communication sessions as well as multicast communications in which, e.g., data is
communicated by the network station to both the mobile stations 14 and 14” aré
provided.

[0026] Amongst the protocols set forth in the EDGE/GPRS/GSM operating
specification are definitions of an EDGE channel structure. 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



in an uplink direction, i.e., fromthe nobile station to the network
station is analogously carried out. [0025] A communication station 14' is
al so shown in Figure 1. The comunication station 14" represents anot her
nobil e station that is capable of conmmunicating EDGE data with the network
station 12. Separate point-to-point comrunication sessions as well as

mul ticast conmuni cations in which, e.g., d&ta is comunicated by the
network station to both the nobile stations 14 and 14' are provided.

[0026] Amongst the protocols set forth in the EDGE/ GPRS/ GSM oper ati ng
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to the cell i AChiBHOR painglrar@ergs anﬁlQhrﬁVﬂlglepWmnsagdatlrﬁnqu@@naﬂs nfjthe
EDGE/GPRS/GSM system require that a mobile station make various measurements
during its operation. 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
the measurements. Time slots are also required to be allocated to perform other data
and traffic services. Competition for the communication resources Hmits the
availability of time slots, particularly contiguous time slots that are available to be
allocated to effectuate a communication service.

[0029] For example, if there is a sixty percent probability of availability of a
single time slot for assignment, the statistical probability of six contiguous time slots
on a single carrier, i.c., a single mobile allocation index offset, within a frame being
available is only 4.67 percent. The probability of all eight contiguous time slots of a
frame on a single carrier being available drops to 1.68 percent.” Even if limitations
due to the need of a mobile station to make measurements is disregarded, there is,
therefore, a statistically small likelihoed that multiple, contiguous time slots would be
available on a single carrier 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



specifications TS 45.008 [5] and TS 45.002 [2], Annex B specify and define
certain of the nmeasurenents. Tine slots are also required to be allocated
to performother data and traffic services. Conpetition for the

comuni cation resources limts the availability of tine slots,
particularly contiguous tine slots that ar g available to be allocated to
ef fectuate a comruni cation service. [0029] “For exanple, if there is a sixty
percent probability of availability of a single tine slot for assignnent,
the statistical probability of six contiguous tine slots on a single
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are inpl ement &%l e dmr{ngut%d g&%‘ssr secveral physical entities. The elements shown to form
portions of the network station 12, e.g., need not be positioned at a single physical
entity but rather can be distributed across several physical entities, such as, for
instance, across a base station controller and a base transceiver station of the network.

[0032] The transmit chain portion of the network station is represented in
Figure 1 and is here shown to include a radio protocol stack 18 to which user
application data is applied by way of the line 22. The application data is for
comimunication 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 also
includes a baseband element 24 to which data is provided, here indicated by way of
the lines 26. The baseband element performs various baseband operations, such as
baseband processing, modulation, and channel coding.

[0033] The network station also includes a radio element 28. The data, once
operated upon by the baseband element, is provided to the radio element, here
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.



manner. Additionally, the functions perforned by the various functional

el ements need not necessarily be positioned together at a conmmon physi cal
entity but, instead, can be distributed across several physical entities.
The el ements shown to form portions of the network station 12, e.g., need
not be positioned at a single physical eng@ty but rather can be

di stributed across several physical entitiés, such as, for instance,
across a base station controller and a base transceiver station of the
network. [0032] The transmit chain portion of the network station is
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stack 18 to whi ch use application data is applied by way of the Iine 22.
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al so includes a nulti-carri esource control logic elenent 42. The
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i ndi cated by lines 44 and 46. The logic elenment is also coupled
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[0036] The analyzer 54 receives indications of the data that is to be
communicated by the network station to a mobile station pursuant to performance of a
communication service during a communication session. In a multicast service, the
data is communicated to a group of mobile stations. The indication of the
characteristic includes, e.g., the amount of data that is to be communicated, within
what period of time the data must be communicated, or additional indicia that, when
analyzed by the analyzer, permits the communication requirements to communicate
the data to be analyzed appropriately. Indications of the results of the analysis made
by the analyzer 54 are provided to the resource allocator 56.
[0037] The resource allocator 56, responsive to the results of the analysis
performed by the analyzer, allocates communication resources across a plurality of
radio carriers or mobile allocation index offsets. In the exemplary implementation, a
mobile allocation index offset and a time slot pair is provided for each of the
allocations made by the allocator. Resources are signable on available time slots on
different ones of the plurality of radio carriers or otherwise associated with the mobile

allocation index offsets. The number of radio carriers that are available across which



radi o resource managenent | ogical |layer. [0035] The logic elenent is here
shown to include an anal yzer 54, a resource allocator 56, a bit map
constructor 60, and a tenporary flow set identifier generator 62. The
functions performed by the parts of the logic element 42 are carried out in
any desired manner, such as, for exanple, ?g al gorithns executabl e by
processing circuitry. [0036] The anal yzer *54 receives indications of the
data that is to be comunicated by the network station to a nobile station
pursuant to performance of a comrunication service during a comunication
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causes to be genelcatechnstusitanaksignment bit map of values corresponding to, or otherwise
representative of, the matrix representation of the allocated communication resources.
And, once constructed, the assignment bit map is provided to an RLC (Radio Link
Control) header part message generator 62. The message generator 62 operates to
generate at least portions of the RLC header part to include a header extension that
includes the assignment bit map constructed by the bit map constructor. The header
part generated by the message generator is used to form the header part of an RLC
block that is communicated by the network station 12. The header part is combined
with a payload part containing payload data provided by the baseband element. The
RLC block formation is performed at any of the functional elements, such as the
baseband element, the logic element, or the RF element of the network station.
[0040] In the exemplary implementation, the header part generated by the
message genecrator 62 generates a radio Hnk control protocol header that is formatted
in conformity with the format provided for an RLC header set forth in the
aforementioned operating specification. The header part includes a value inserted in a
length indicator of the header part to indicate whether a header extension is included
as a part of the RL.C block. If the RLC block is to include the assignment bit map,

then the length indicator is populated with a value to indicate that the block includes



nessages that are provided to the radio protocol stack, the baseband

el enment, and the RF elenent to control their operation responsive to the
al l ocation of resources made by the allocator. [0039] An indication of the
al l ocated resources is provided to a matrix representer 58. The matri x
representer operates to represent the resoxgces all ocated for the

comuni cation of the data in matrix form the matrix representation,
once forned, is provided to the bit nmap constructor 60. The bit map
constructor 60 operates to construct an assignnent bit map of val ues

correspondi ng the header oxtersinn. s&thereje,ate lngth iveicabr istdeuRBddni M a value to
representatio And, once
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therefrom ovel IE&? ﬁfn%ﬂiogal%j, to the radio protocol stack, here indicated 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.

[0045] The detector 82 operates to detect the RLC block, or at least portions
of its header part, that is communicated to, and delivered at, the mobile station. The
detector operates to detect the value populating the length indicator field of the header
part. And, if the value populating the length indicator is of a value indicating that the
block includes a header extension, the detector further detects the values populating
the header extension. The values populating the header extension are values of the bit
assignment map that identifies the communication resources to be allocated for the
communication of the data. Thereby, through detection of thé values 6f the header -
extension, the mobile station is notified of the allocated resources. Detections made
by the detector are provided to the controller 84. The controller operates to control
operation of the mobile station so that the mobile station receives, and operates upon,
data of the block that is subsequently communicated. In one implementation, the
allocated resources remain allocated for an entire block period, i.e., four TDMA

frames. The controller controls operation, for instance, of various elements of the



interface defined between the network station and the nobile station.

[ 0042] The el enents of the nobile station shown in the figure formits
receive chain portion. The receive chain portion operates anal ogous to,

but reverse to that of, the corresponding parts of the transmt chain
portion of the network station. [0043] Her the nobile station 14 is shown
to include an antenna transducer 64, an 3elemant 66, a baseband el enent
68, and a radi o protocol stack 74. The RF elenment includes a plurality of
transceiver front ends 76 with different ones of the transceivers being
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conmmuni cat ed. fokRe@ B?rdv&gﬂbrﬁ J dm[:lnge a "1’(141(93? aj ,e%g Sfl"i'é’ &%SmE%hWBII 1% is

allocated for an entir perio
control | er cosproesbrsatdyeeeatiadly, of hananimdstad aarioformabledyshehpmentepredénibhe 13
[rgb Ir Lge?tlgt i Oft L2:8P ot 1%gtr1txhn61latmut)u gtlgrll § 1e&asfgg~rrgat?1§)celr1%blh$ ot%tm éx%?np%r?/per times
allocations of communication resources and other exemplary implementations, other
types of matrix manipulations are performed to change the form or size of the matrix.
Time slots and RF channel redundancies are removed in the exemplary example.
[0048] Indications of the matrix representation are provided, here indicated by
way of the arrow 116, to the bit map constructor 60 (shown in Figure 1) that operates
to construct a bit map 118. The values of the bit map correspond to the values of the
matrix representation 114. If the bit map is formed without using the matrix
manipulation, that is, formed responsive to the matrix representation 112, the values
of the bit map would, instead, correspond to the values of the larger matrix
representation 112,
[0049] Thereafter, and as indicated by the arrow 122, the bit map is provided -
to the RLC header part message generator 62 (shown in Figure 1). The header part
message generator generates an RLC header part 126, here to include a length
indication field 128 and, selectably, a header extension field 132. The length
identification field is populated with a value to indicate whether the header extension

field is formed. For instance, when the field 128 is populated with a logical “1”



t he data communi cated upon the different carriers. [0046] Figure 2
illustrates a representation, shown generally at 98, that pictorially
shows exenpl ary operation of the nmulti-carrier radio resource control |ogic
el ement 42 that forns a portion of the conmunication system 10 shown in
Figure 1. An exenplary resource aIIocatiop is shown at the |eft-nost side
part (as shown) of the representation 98. 5\ single TDVA franme is shown
across a plurality of RF carriers 104, designated as RF channels 1-8.
Channel allocations are indicated by Rl and R2 at five contiguous tine

sl ots on diff evadus, aboakr oftehdien Galkin Bichideghangs §eaﬁe§ext&1@%7ﬁel@/§%mpﬂgtted

i ndi cat ed byth%%fro § IS performedto create first, an trix
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val ue. The sub- ) E ]1 resentatjve general ly of a mani pul at ed
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of matrix manlap@Péﬁflp@tharESrtegﬁpihﬂﬂffonnemRthﬁ?lﬂbalngkn drioehef Qﬁmeﬁfen&tlﬁﬁ; thé the

matrix. Tine d RF chan r edundanci es dint

exenpl ary exar?‘%%a? [()gg}?é]on}“ﬁlﬁ}l ag]topdﬁsaoub‘?e ailﬂﬁatl?élt‘%‘%‘f{eég’g’ég%ﬁﬁséﬁni”&ﬁ?t bite
provi ded, her maprudhfaa{eednlﬂ)éhéaléar Rlenkon @fdr(a\'getlﬂe@xodt 8.2t R&ublhudRRour
constructor shown in Figure 1) that operates to construct a bit map

118. The val ué@ ‘ﬁft%%?ﬁ“ﬁ%@&r?%@éo@faﬁh@nehtedval ues of the matrix

representation 114 ormed,.w t hout usin trix

mani pul ation, that {OdeO ?Qgﬂpdgh(rng?gglﬁscf) ENYALCAHIOR TRARTaes IS Cé’g?eé‘g%ﬁﬁf ion 112,
t he val ues ofnstalnee th]ytsemdapg,vuwéléctedl n8¢reald, arCRLCAIRANDntihPe healewes of t he
| arger matri x rese tation 1 049] Thereafter, and as indicated by

the arrow 122“%" Oibinf‘ﬁﬁl%‘?@aﬁéé\’m%dmmép pHSEEURICGtheader par t rressage
generator 62 (showmgsay E!gﬂ%?ﬂﬂ&stra Qﬁr&ﬁ@s@ﬁ{atlpfg lgaréi{l‘i f?:?%bl%%ﬁg{ lowm

generates an RLC header part ere to 1 nc
field 128 andat 148l dethabiw, 15A0ﬁémdiata texdkeinsiudes éIgEd ldtsl@ZpreRtﬁteb@ﬁ@bﬂzero

identificatio el apul at a v | i cate whet her the
header ext ens{l;'%ﬁé 1n tﬂe ﬁnalqa P ofl tg ?engvﬂ 1nglcat0r %eﬂi 152 2 and 152-3 indicates that an

assignment bit map forms the first datum in the block, here indicated by the row 152-
4 through row 152-11. The bit map here is formed of eight octets. And, the row 152-
12 forms a payload octet of the payload portion of the data block.

[0052] Figure 4 illustrates a method flow diagram 153 listing the method of
operation of an embodiment of the present invention. The method generates
notification of a communication resource allocation allocable across a group of radio
carriers.

[0053] First, and as indicated by the block 154, a first assignment bit map is
selectably constructed responsive to a matrix representation of a communication
resource allocation. R

[0054] Then, and as indicated by the block 156, a message is generated that is
formed of a first portion and a second portion. The first portion includes an indication
whether the message includes a communication resource assignment and the second

portion selectably includes the first assignment bit map.
[0055] Thereby, through the use of a header extension in an RLC block, and

populating the header extension with an assignment bit map representative of



field is formed. For instance, when the field 128 is populated with a

| ogical "1" 14 value, a header extension field is included, and the header
extension field is populated wth the values of the assignnment bit map.
And, e.g., if the length indication field is populated with a |ogical "0"
val ue, then a header extension field is no#sincluded. The figure also
shows fields 134 and 136, representative of” additional information

sel ectably included, identifying starting time indicia, either explicit or
inplicit, and duration indicia, respectively. And, a payload part 138 is

further shown,coniputiedtbarrescanc: Pryhtamga pamnhsr H}D@Eﬂ‘ch@d ndofymrageihistioeks 10
anot her |nplenﬁntat|on duratjon of the communi cati on resource
e

allocation id ?F??EH“B§5®h§S%@§?@ Hen iRrovideh cont ai ned in the header
extension is for aregts] eS
singl e bl ock perio or p%éhﬁgrgwggsr |8’eosdr grifh %{g%&e&%ﬁ&fe ngg%?%}-r{% r&éﬁ%ﬁh@g

communi cati on tlﬂ%gwﬁnm ang theacepaed thainvefition shonBItrmm ﬁecesbmlys batingd batthis

sel ected |nteQ%%£ ; LC blﬁgﬁQcontalnlng a? ext ensi on i ncl udi ng
updat ed or new fp %p & SFUR R ARPree b B PIEq S detimed by e delipveag glaims.
representation of an RLC data bl ock, here shown at 148. Each row 152 of
the data bl ock includes eight bits. A presence of a non-zero value in the
final bit of the length indicator field 152-2 and 152-3 indicates that an
assignnment bit map fornms the first datumin the bl ock, here indicated by
the row 152- 4 through row 152-11. The bit map here is fornmed of eight
octets. And, the row 152- 12 forns a payl oad octet of the payl oad portion
of the data block. [0052] Figure 4 illustrates a nethod fl ow di agram 153
listing the nethod of operation of an enbodi nent of the present invention.
The met hod generates notification of a comunication resource allocation
all ocabl e across a group of radio carri ers. [0053] First, and as

i ndi cated by the block 154, a first assignnent bit nmap is selectably
constructed responsive to a matrix representati on of a comunication
resource allocation. [0054] Then, and as indicated by the block 156, a
nmessage is generated that is forned of a first portion and a second
portion. The first portion includes an indication



whet her the nessage includes a conmuni cati on resource assignnment and the
second portion selectably includes the first assignnent bit map. [0055]
Ther eby, through the use of a header extension in an RLC bl ock, and
popul ati ng the header extension with an assignnment bit nmap representative
of 15 communication resource allocation, a manner by which to notify a
receiving station of the comrunication [gesource allocation is provided.

[ 0056] The previous descriptions are of preferred exanples for inplenenting
t he 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 following clainms. 16 Wat is clained is: |. Anulti-carrier radio
resource conthaflisichimedés:enent (42) for a network device (12) that
operates pursuant to conmuni cation of high-speed data in a high-speed data
5 radi o comuni cation service in which communication resources are

al | ocat ed adross Panpllltlimahict yadaf reRburce achito! loggurney; (424161 € hetwarddévise

sl ot s, said roI ic elepent (42). characterized by: bjt p

const r uct or %0'§1 %(%%’dpl{‘?)uapgg’eﬁf& ‘?’f&?*@&t?fg}ig%ﬁpeﬁﬁldﬁ@a@i agﬂgl%“ﬁp%éiata
communi cat i eadis esmmu@ﬁ;au@fa@l@vﬁc@ﬁn GAMIELERAD Qo fredolR b b@NiBPREHaGadsa sai d
bit map 10 constructor (60Q) configured to construct a first assignnent bit

map (118) r @SPRH¥OER: srdig Fr@qti%w capiesnansftime o) pasd aenteh lagic elpment (42)
comuni cat i QR4 LESQMIYGRS; a nessage generator (62) adapted to receive the
first assignment bit p (118), said nessage generator (62) configured to
generate a Radi oallithkiaGorsmstalctorRI6Q) adat;&s:b&ge:cbivedhdﬂaaidmgf alldvedaenf the

R s e e L R s O R

wher ei n1b he colRtiGetor @Bg@niﬁ)@u}&k tog@met @it CFi oY asSigh gheNESS ﬂrﬁg (Om)eEpbMive to
conprlses a he %ﬁ@lpar t he header extension field forns a

whi c
portion. Oﬁiﬂft”ilc %E’F‘f‘tﬂ%‘r r}rﬂé‘ﬂ‘?%m’fl‘é%‘%’roélée%meﬁol | ogi ¢ el enent of
claim?2 Wher ei n b ReesBof generator (62) adapted to receive the first assignment bit map (118),

said message generator (62) configured to generate a Radio Link Control, RLC,
message block having a header extension field populated with values of the first

15  assigmment bit map.

2. The multi-carrier radio resource control logic element (42) of claim 1 wherein the
RLC message block generated by said message generator comprises a header part of
which the header extension field forms a portion.

20
3. The multi-carrier radio resource control logic element of claim 2 wherein the RLC
message block generated by said message generator (62) comprises a RLC "Radio Link

Control" layer message.

25 4, The multi-carrier radio resource control logic element (42) of claim 2 wherein the
RLC message block generated by said message generator (62) comprises a RLC "Radio
Link Control” data block.



nmessage bl ock generated by said nessage generator (62) conprises a RLC
"Radio Link Control" |ayer nessage. 25 4. The nulti-carrier radi o resource
control logic element (42) of claim2 wherein the RLC nmessage bl ock
generated by said nmessage generator (62) conprises a RLC "Radio Link
Control" data block. 17 5. The nulti-carrier radio resource control |ogic
el enent (42) of claim2 wherein the RLC;pessage bl ock generated by said
nmessage generator (62) further conprises a payload, the payload including
data for conmunication. 5 6. The nmulti-carrier radio resource control logic
el ement (42) of claim5 wherein the RLC nessage bl ock generated by said
nessage gene, a@Pr éPZ further provides an indication when the RLC nessage
bl ock conpr i se'st R IHEHYE radierewrreonirel tpgiczelemprt (42) of clewr 2i whereiadhe
resource COMIO!mésaglicCh] ¢ i Lo 2 i r
extension field of the %E%%ﬁgégggg%b%%%%k%%g%%ﬁggg&%a@%}gﬁﬂgéggﬁﬁgg%i%k
Control, RL®2Ykeadbe paydoadihduding titadarqoenunieadion. r esour ce control |ogic

el enent (42) of claim7 wherein the RLC header further includes an

i ndication of a value to indicate whether the header 15 extension field is
popul at ed wit Ahemeultiakoes radio tb@ufder®hiralS®i@ndr@néntqiud) sREain s Wikigein the
nulti-carrig&ééadio rggo rce cpqgrol | ogi ¢ el enent (42% of claim| further
conpri si ng tECT 6 a‘gbtg%‘&f*r‘ftﬁ PE I Eeatngr ramemtar df2bfurther provides an
conmuni cat i ofdisdtidhiviien (RORTIT M &8ok Blbck 3BABHbsYe RRdeMBhSiR e 1 ndication
of the allocation of the 20 commini cati on resources o ich said bit map
constructor is adapted to receive, is of values determ ned responsive, in

part, to th ggyﬂﬂh j.0N= i ication ahi l,i.t 0. .The
nulti-carri2iq?ad|oﬁ%§§%8#%g6%%ﬁ1?8%8ﬁ%gﬁ8 %ﬁ%%%%?ﬁ%ﬁégué?nggéﬁﬁ?%na%%rein
the 25pndheader gnteosion Heeld ofirtimRE&T intassagt atlbdn cQOpmdLni paat 60N ReApADidk ty
conpri ses aC%BQﬁ'ﬁLSSEatiQn classmark. 11. The nulti-carrier radio resource
control |ogic erément f%ﬁ& of claiml wherein the values populating the

header extension field of the RLC nessage bl ock generated by 18

8. The multi-carrier radio resource control logic element (42) of claim 7 wherein the
RIC header further includes an indication of a value to indicate whether the header

15 oxtension field is populated with the values of the first assignment bit map.

9. The multi-carrier radio resource control logic clement (42) of claim 1 further
comprising a detector adapted to receive an indication of a communication-station
communication capability and wherein the indication of the allocation of the
20 communication resources of which said bit map constructor is adapled to receive, is of
values determined responsive, in part, to the communication-station communication

capabilily.

10. The multi-carrier radio resource control logic element (42) of claim 9 wherein the
25 indication of the communication-station communication capability comprises a mobile

station classmark.

I'l. The multi-carrier radio resource control logic element (42) of claim | wherein the

values populating the header extension field of the RLC message block generated by



sai d nessage generator defines allocation of the conmmunication resources
for a selected tinme period. 12. The nmulti-carrier radio resource control

| ogic elenent (42) of claim 1l wherein the 5 selected tine period
conprises a subsequent bl ock period. 13. A nulti-carrier radio resource
control logic element (78) for a nobile station (14) that operates
pursuant to commruni cation of high-speed ta in a high-speed data radio
conmruni cation service in which comuni cation resources are allocated across
a 10 plurality of RF, radio frequency, carriers, said control |ogic el enent
characterized by: a detector (82) configured to detect a Radi o Link
Control, RLC, nessage block delivered to the nobile station, the RLC
nmessage bl ocRIFBFSIREF goneratop delines pdpedtion of thesloudiunpatinn resdincet foon sdtctewhet her
t he message {fchdidgs a comuni cation resource assignnent and of a second
portion formng a header extension field populated with 15 val ues
including a first assignnent bit map; and a controller (84) adapted to
receive an indi.cati on of. detecti on nade said detector, said controller
confi gur ed tig‘ Jggenwlgf"’ddﬁsrr Iﬁ‘flioolﬁsodlfcetcr?é‘trﬂg%ﬁlced@?% i(%ﬁ A elgignid whereip dhg he
first assignaestd tive paBEd corhpridde s RilfscfRESHOE rRRK detected by said
detector is fornmed of the second portion including the first assignnent
bit map. 20 14. The nulti-carrier radio resource control logic element (78)
of claim13 IBUAtiﬂﬁ’ﬁLcaﬁ%&ﬁ'r%u%e%mnfoﬁgtélgﬂelm%%lr Lol SR (14
generator configured to generate one or re co i cation capablllt§

i ndi ci a, théatreseaige pustadttedobypugaitordef kigh-epecdfdavainuesighispsplotisd xaeio i n

part, to an | ier..generated ¢ nication.capability indicia, 25 15. A

et hod for SOMBRRERIAT I Iar i SPrmURRAST ROSHIET Gie (HAEA Shertsea

pur suant.ot o pliedityuNRE adat o @ficitiygbers@eedid@haol BeR Minghht SReRderdal 8yr adi 0

conmuni cation servi ce ig%?mhifh communi cation resources are allocated of a
¢8% I%t“'e‘g

communi cati on re&d6FEer fPolgeche Radin binkdrantrel Rignanessags o s,
said met hoddaarrid & 0% hRGIORAKBA! ARSROE: miSael BREKIERLIGr GLAA) Brldu' St
assignnment bit map representative of allocation of the conmunication
resour ces; including an indication of whether the message includes a communication resource
assignment and of a second portion forming a header extension field populated with
15 values including a first assignment bit map; and
a controller (84) adapted to receive an indication of detection made by said
detector, said controller configured to control operation of the mobile station responsive
to the first assignment bit map, if the RLC message block detected by said detector is
formed of the second portion including the first assignment bit map.
20
4. The multi-carrier radio resource control logic element (78) of claim 13 further
comprising a communication capability indicia generator configured to generate one or
more commmunication capability indicia, the message detected by said detector of values

responsive, in part, to an earlier generated communication capability indicia.

15. A method for generating notification at a network station that operates pursuant {0
communication of high-speed data in a high-speed data radio communication service in
which communication resources are allocated of a communication resource across a

group of radio carriers and time slots, said method comprising the operations of:



generating (156) an RLC nessage bl ock formed of a first portion including
an indication whether the nessage includes a comuni cation resource
assignment and, if 5 so, a second portion including the values of the
first assignment bit map. 16. The nethod of claim 15 further conprising the
operations of. sending the RLC nessage bl ock generated during said
operation of generating to a renpte station; and detecting the RLC nessage
bl ock, once delivered to the renote station. 10 17. The nethod of claim 16
further conprising the operation of controlling operation of the renote
station responsive to the values of the first assignnment bit map when
included in the second portion of the RLC nessage block. 15 18. The net hod
of claim15 furtFepsteshpE (Lithg tHessignmp|biloper srroantafive efcadiogiting of the
connunicatingﬁﬁ@%&ggngggggéﬁity indicia and wherein the allocation of the
conmuni cati on resources o jich the first assignnent bit map is
representative i gengratingpdiso) ax 8§ fomsssuge dlock fiemed afuniicapdrton sichtdignan
capability i.ndigia. .20 19. The neth of claim 15 wherein the RLC npssage
bl ock gener éF(gl(éfﬁl Br‘?’*h‘%“%z’iledm%sﬁ%‘? H‘tcfugiﬁs BEOYENBICAH P h S e hp AT gt ﬁ%i" Li nk
Control , sRLGp, datendpmtdn inaRAinBE edlfes deige fidst &bighRkhdNmand the second
portion forma header part of the RLC data bl ock.” 20. The nethod of claim

19 wherein the second portion conprises a header part 25 extension of the
RLC data bl qgkTne method of claim 15 further comprising the operations of: sending the RLC

message block generated during said operation of generating to a remote station; and
detecting the RLC message block, once delivered to the remote station.

10
17. The method of claim 16 further comprising the operation of controlling operation of
the remote station responsive to the values of the first assignment bit map when

included in the second portion of the RLC message block.

15 18, The method of claim 15 further comprising the initial operation of receiving a
communication station capability indicia and wherein the allocation of the
communication resources of which the first assignment bit map is representative is, in

part, responsive to the communication station capability indicia.

20 19. The method of claim 15 wherein the RLC message block generated during said
operation of generating comprises a Radio Link Control, RLC, data block, and wherein

the first portion and the second portion form a header part of the RLC data block.

20. The method of claim 19 wherein the second portion comprises a header part

25  extension of the RLC data block,



