1 ~ METHOD AND APPARATUS FOR COVMUNI CATI NG DATA UPON MULTI PLE RADI O

CARRI ERS [ 0001] The present invention relates generally to the

comuni cation of data pursuant to a high-speed data comuni cati on servi ce,
such as an Enhanced Data for @ obal Evolution (EDGE) communication
service. Mre particularly, the present jinvention relates to apparatus,
and an associ ated net hod, that allocates comuni cati on resources accordi ng
to a Mobile Allocation Index Ofset scheme and that provides for the
comuni cation of data by way of the allocated comruni cati on resources.
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EDGE- capabl eessysdeem are significantly higher than those achievable in its
predecessor GPRS system [0003] Whil e EDGE-based conmuni cations permt data
to be comunicated at substantially higher data rates than its GPRS
predecessor, data services aregh LR of G valid£! Pated to becone even
nore so, data-intensive. There ‘to find ways yet
further to inf0Ga3eHighespeted datk hervicgh pretinaregsatply perfermed by RGO bated

communi cations to.facilitate Ahe S eedgl. conmuni.cation . of . increasingly
dat a- i nt ensjcgBuMunication systems. Advancements in communication technologics have

permitted the development and deployment of radio communication systems that

permit the communication of data at high communication throughput rates. And, with
continued advancements in communication technologies, improvements to such
systems permit the throughput rates to be yet further increased. Various high-speed
data services, and their associated mechanisms of implementation, are undergoing
development, standardization, and implementation. An exemplary data
communication service, referred to as GPRS {General Packet Radio Service) for GSM
{Global System for Mobile communications) has achieved significant levels of
deployment and usage. An extension to the general GPRS communication scheme,
EDGE (Enhanced Data for Global Evolution) is presently undergoing deployment.
Data throughput rates achievable in an EDGE-capable system are significantly higher
than those achievable in its predecessor GPRS system.

[0003] While EDGE-based communications permit data to be communicated at
substantially higher data rates than its GPRS predecessor, data services are becoming,
and anticipated to become even more so, data-intensive. There is a continuing need to
find ways yet further to increase the data throughput capabilities of EDGE-based

communications to facilitate the speedy communication of increasingly data-intensive
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2 data communication services that are to be inplenented in an EDGE- based,
or other high-speed, data conmuni cation system [0004] Existing EDGE
standard pronul gati ons define, anbngst other things, the channel structure
used pursuant to EDGE-based conmuni cations. Channels are defined upon
multiple carriers. But, due to various requirenents, effectuation of a
singl e communi cation service using conmuni cati on resources upon nultiple
carriers is presently unavailable due to constraints in the standard
pronul gation. [0005] If a manner could be provided in a high-speed data
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pursuant to operafion of an enbodinent of the present invention. [0009]
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advant ageoushstheqal 8t ig pblgrta operate in a manner that permits communications to be

carried out using the time-slot/carrier combinations, once made available.

[0006] Itis in light of this background information that the significant

improvements of the present invention have evolved.




and an associ ated nethod, that facilitates conmunication of data pursuant
to a high- speed data comruni cati on service, such as an Enhanced Data for
d obal Evolution (EDGE) communication sgrvice or other communication
systemoptionally utilizing frequency hopping. [00012] Through operation
of an enbodi nent of the present invention, a manner is provided by which
to all ocate conmuni cation resources across a plurality of radio carriers
howsoever |ogically defined pursuant to a Mobile Allocation Index Ofset
(MAIOQ schene. The MAIO is an of fset vaI ue to t he actual Radi o Frequency
(RF) to inplenent frequency Brigife aspiegh | ogically as an RF

carrier itself e.. | ikeli oof t| ng_avail able for

al | ocati on acr[%os()}ﬁ] e]I %Stﬁte atr ?téoqagsbla?eke cﬂggrarinha ??lee)fen?eilrlyhood
of time sl oto%n@mmmﬁadybtem fhat @ichatles GmAéhBatiBBntAoSth@ghresent divehBén adla
limtation of existi ng al l ocation schenes. [00013] By allocating

comuni cat i awrtiestbeieebs across a plurality of index offsets, an increased
kel T hood t o) CRMLO AR b §SreiiilioRDs Bihg co%m&h% gl gan be
al l ocated for e- pertornance o connunlc n - service ur|n

comuni cat i cilostimimaie phisantto®potatigh 0fian sabotMment dffthé prieEens [nviestions
available within a frane, the data is able to be comuni cated more, quickly

t han when onl yOORS Rigurq,3 dllestrates arispresentatinn fengther £Xeipary PIRPRRFECEar 1 er
for data coM&AMIRARoM HldiOpfsuds (OBPMEA"AOM SFBSURAnt A dhe FHAEn |
contiguous tine slots are not ocate I ncreased nunbers of tine slots
al | ocat ed t aneenti@ha cormmuni catl on sessi on permts its conpletion due to

the greater cal res | ocati on. n_one aspect
of the present(ﬁ)t()lr'16/]ekﬁ“’tg"‘&’h4 ‘ﬁgaWQ ‘i)ﬁ?‘f"aéd tehs?‘%lp{? fﬂ% t Pt cat i on
system i ncl L@gﬁeﬁmogﬂ@nyémhetph@gnﬁﬁaéd%gs conmmuni cati on resource
requirenents needed to, or otherw se requested to, be provided pursuant to
conmmuni cate data to performa conmuni cation service during a comunication
session. The anal yzer determ nes, ggr}i;rﬁtanCﬁ the nunber of time slots
that are needed to be all ocated ation session to permt the
data to be cgmmg] Tt p&saﬁﬁmﬁoﬂ, avebrdivgly; advantigeaislpprovidet appusatusihe

e

determi nati ons ma the anal yzer are nmade, for instance, on a
f r ame- by- f r g ayélﬁcg:latqﬁmgth@@,mrfp@]ﬁaﬁqgrq:ommumcatlon of data pursuant to a high-

speed data communication service, such as an Enhanced Data for Global Evolution

(EDGE) communication service or other communication system optionally utilizing
frequency hopping.

{00012] Through operation of an embodiment of the present invention, a manner is
provided by which to allocate communication resources across a plurality of radio
carriers howsoever logically defined pursuant to a Mobile Allocation Index Offset
(MAIO) scheme. The MAIQ is an offset value to the actual Radio Frequency (RF) to
implement frequency hopping, but is treated logically as an RF carrier itself. The
likelihood of time slots being available for allocation across a plurality of carriers is
greater than the likelihood of time slots being available for allocation on a single
carrier, a limitation of existing allocation schemes.

[00013] By allocating communication resources across a plurality of index offsets,
an increased likelihood that a contiguous series, such as a block, of time slots can be
allocated for the performance of a data communication service during a
communication session. When a contiguous sequence of time slots is available within
a frame, the data is able to be communicated more quickly than when only making

use of communication resources upon a single carrier for data communications during




session basis, or upon another basis, all in a manner that permts dynamc
resource allocation. [00015] In another aspect of the present invention,
the network part also includes a resourge allocator that allocates
resources to permt the communication of the data during a comrunication
session to effectuate the comunication service. The resource allocations
are nmade, e.g., responsive to analysis of the comrunication requirenents.
The resource allocations are made across a plurality of MAIGs (Mobile
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i s conmuni cated  aur | ng the communi cati on session. [00017] In anot her
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el enent that generates a_single signal representative of the data that is
to be resource allocator that allocates résources to permit the communication of the data

during a communication session to effectuate the communication service. The
resource allocations are made, e.g., responsive to analysis of the communication
requirements. The resource allocations are made across a plurality of MAIOs (Mobile
Allocation Index Offsets) howsoever defined. When particular time slots are
available on different index offsets or RF frequencies, allocations are made to
communicate data pursuant to the communication session within the time slots of the
different index offsets or RF frequencies. More generally, resources allocated by the
resource allocator are not limited to selection of time slots on a single mobile
allocation index offset or RF frequency but rather are allocated, when available, upon
any index offset or frequency that the communication stations, parties to a
communication session, are capable of operation.

[00016] In another aspect of the present invention, a message generator at the
network part generates an allocation message that includes values identifying the
communication resources allocated to communicate the data pursuant to effectuation
of the communication service during a communication session. The allocation
message is sent by the network part to a mobile station that is a party to the

communication session pursuant to which data is to be communicated. If more than




comuni cated and a single, w deband radio frequency transmtter to which
the single signal is applied. The transmtter transmts the signal formng
the data on nultiple carriers, in accorglance with the resource allocation.
I n anot her aspect of the present invention, the nobile station includes a
wi deband radi o frequency (RF) transceiver having a receive part capabl e of
recei ving data communi cated thereto on a plurality of carriers. That is to
say, the w deband RF transceiver provides for nulti-carrier reception.
Dat a streans conmuni cated upon separate carriers are, for instance,
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utilizing separate antennas connected to the wideband RF transceiver and, e.g.,

receiving data sent upon the same carrier at the separate, spaced-apart antennas.

[00018] The mobile station includes a detector that detects the allocation message,
once broadcast by the network part to the mobile station. The detector ascertains the
values of the allocation message thereby to identify the allocated resources.

k[00019] The mobile station also includes a controller that controls operation of the
mobile station in response to the communication resources detected by the detector to
be used pursuant to the communication of the data. The controller, amongst other
things, controls operations of wideband radio frequency receiver element, thereby to
provide intelligent control over reception of data that is communicated between the
network and the mobile station,

[00020] Communication resources are allocated in a manner that facilitates
improved data throughput rates of the data that is communicated pursuant to
performance of the communication session. The allocation is made to maximize the
sum of time slots allocated for the communication session within the constraints of

the capabilities of the communication stations that are parties to the communication




comuni cated by the first comruni cation station. The anal yzer is configured
to analyze conmunication requirenments required for the comuni cation of
the data. A resource allocator is adaptgd to receive an indication of the
anal ysis made by the analyzer. The resource allocator is configured to

al l ocate resources across a plurality of nobile allocation index offsets
or frequencies for comrunication of the data. A w deband radi o frequency
el enent is adapted to receive an indication of allocation made by the
resource allocator. The wi deband radi o frequency elenent is configured to
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communicated to the communication station across a plurality of carriers. A detector

is configured to detect an allocation message delivered to the radio frequency element

of the communication station. The allocation message identifies communication

resources allocated to the communication station pursuant to the communication of

the data. The resources that are allocated are allocated across a plurality of mobile

allocation index offsets or carrier frequencies, e.g., radio carriers howsoever logically

defined. A controller is adapted to receive an indication of detections made by the

detector. The controller is configured to control operation of the radio frequency

element responsive to the detections.

[00023] With these and other aspects in mind, therefore, reference is first made to

Figure 1 that illustrates a communication system, shown generally at 10. The

communication system is operable pursuant to an embodiment of the present

invention. In the exemplary implementation, the communication systern 10 forms a

radio data communication system that provides for EDGE (Enhanced Data for Global

Evolution) data services. While the following description shall describe exemplary

operation of the communication system in terms of its exemplary implementation to




communi cati on systens, e.g., operable pursuant to operating specifications
that define other types of comrunication systens. Accordingly, the
description of operation of the comunigation system 10 is for purposes of
expl anation only and not of Ilimtation. [00024] In the illustration of
Figure 1, the conmmunication systemincludes a set of conmunication
stations, conmunication stations 12 and 14. Here, the comunication
station 12 is representative of elenents of a network part of the

communi cation system and shall be referred to, at tines, as a network

station 12. provide faridChvasedicommunicasionspryives. 4t $h§u}dé}ﬁ'lé‘l${@1f$t@ﬂlthfé thf a
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communi cation services are effectual with both the comunication station

14 and the commuiicgionhstationd2 umlmentatmoﬂzaneﬁtse)f@dmrkmﬂmmesyst em
operates in general .conf rmt .GPRS/ GSNE% nce Data for
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EDGE channel structure defined therein. The EDGE channel structure defines

a TDMVA ( Ti ndimgsypubisediently be qu@'rfix‘_c@@@)m@luh@tﬁéwm ering operatiom eitben ¢f dhe
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be al | ocat edylfndhication service, i.e., EDGE data communicated by the network station 12 for

delivery to the mobile station 14. Operation of the communication system to
communicate data in an uplink direction can be analogously described. A
communication station 14’ is also shown in the figure. The communication station
14’ is representative of the multi-access nature of the communication system. During
exemplary operation, separate EDGE communication services are effectual with both
the communication station 14 and the communication station 14°.

[00025] The communication system operates in general conformity with the
EDGE/GPRS/GSM (Enhanced Data for Global Evolution/General Packet Radio
Service/Global System for Mobile communications) operating specifications,
particularly with respect to the EDGE channel structure defined therein. The EDGE
channel structure defines a TDMA (Time Division Multiple Access) scheme
including frames that comprise eight time slots. A maximum transmission rate of
59.2 kb/s per time slot is permitted. When a communication service is to be
effectuated, communication resources, i.e., time slots within frames defined upon a
carrier available for communication, are allocated for the communication of the

EDGE data thereon. Theoretically, all eight time slots of a frame can be allocated to a




8 single conmunication session, thereby permtting a maxi numtransn ssion
rate of 473.6 kb/s (8*59.2 kb/s = 473.6 kb/s). However, in actual
practice, allocation of such a large nugber of time slots on a single
carrier, or, nore generally, a single nobile allocation index offset or
frequency is unachi evable. O her operating requirenents of the

EDCGE/ GPRS/ GSM system necessitate that a nobile station make vari ous
measurenents, such as neasurenents that are required to be taken on signals
broadcast in_adjacent cells, i.e., cells adjacent to the active cell in
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service. If, Tor rnstance, there 1S a sixty percent probabrlity of

avai | abi | i t ynedfsugnentsgiehtas Measiraneiito thadsieirgaiirdtito be teken sh aignsisi cal

probability of six.contiguo time _slots on single carrier_ bein
avail abl e i sbm%f?laif i ?Ceg‘éf:{i%nl*‘?w %Haa ﬁ%er‘ﬁlt‘b@‘ﬁl?ﬂlwec‘if’ud? “éﬁil@ﬁhe EB’#I?ﬁFguous
time slots omiRngi ?(?Ariﬁneaﬁm s{&er%%ea%hﬂi&ﬂh% ﬁtmqsmdh@&a@@mp}- Even

putting aside the itations due to  the need of a nobile station to make
measur enment sAnnendd specdy and defiriesteiteial dfyheseraidasurbmkmb.i Additiondibt, dnetotthel e,

contiguous ti slots woul d, be avail aple on a single carrier 0

ol ocat ton JUPGResagSe el he ol ihsaivt abfesh SuPfrietiiarises SR dbus
time slots aderSRORIViERS af\MRtoaRbEDPHtheF ARAimiAeAtRnGatioh S, Cothpeflién
particularly in an EDGE- based system allocating tinme s|lots on different

radi o carri dpEcommyBicatiny rgpqurens linpitaobe eyailphidite peepniigeousttinedots dhatard cat i on

stations 12 4 e Lo r
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net wor k st atdaomgr bemgaveilabipliepe ttt 68 percemtr Even putting aside the limitations due to

the need of a mobile station to make measurements, there is a statistically small
likelihood that multiple, contignous time slots would be available on a single carrier
for allocation pursuant to a single communication service. While contiguous time
slots are sometimes available on other radio carriers, to date, particularly in an EDGE-
based system, allocating time slots on different radio carriers is not permitted.

[00026] The elements of the communication stations 12 and 14 are functionally
represented and are formed of functional elements, implementable in any desired
manner. Additionally, while the functional elements are represented together, the
physical locations at which the elements are formed need not be in common. For
example, the elements shown to form portions of the network station 12 need not be
positioned at a single physical location, e.g., at a base transceiver station of the
network part. Rather, the elements of the network station, in one implementation, are
distributed amongst more than one location, such as at the base transceiver station and
at a base station controller. The network station includes a radio protocol stack 18 to

which user application data is applied by way of the line 22. The user application




di stributed anongst nore than one |ocation, such as at the base transceiver
station and at a base station controller. The network station includes a
radi o protocol stack 18 to which user application data is applied by way
of the line 22. The user application 9 data is for comunication to one or
nore nobile stations pursuant to one or nore EDGE conmunicati on sessions.
The radi o protocol stack includes various logical layers including a radio
resource nmanagenent (RRM |ayer. [00027] The network station further

i ncl udes a baseband el enent 24 to which data is provided, here represented
by way of t hdatdis rfetscozxﬁnufﬁh%iomate eobantmetcamebie qwidn@ pHEsuant4e purer therseband

B ebae) e BRCAI RS R RR LGS THE6 oFUEL Ak R B oBOF Bl ooy "
t ranscei ver 1&3}@@1,1(;%&2&5{1%1\@&@&&&% ehfcn@gmMygl by the baseband el enent
24. The transceiver operates to transn1t multip contlguous radi o

frequency chal¥8RE] Theneiayorke sfatiomFarhesinglydes %b@éb@d(ﬁl%m% ft tyyhighydai  one
or nore antep n n r er
permi s 1t SR AdRCRAE s Eend ty W AERRRAS S oisdind REbAARERELY T
mobi | e al | ocairicafbasablad @fef‘zﬁﬁh&ncl)ldﬁrsglﬁ%bdnﬁ pedtessing) athdotanibn ndtchenizt esent
I nventi on. [00029] Pursuant to an enbodi ment of the present invention, the
cormmuni cat i diW9i& ation 12 further includes a multi-carrier radio resource

control 19! CIQI0RRP The gté%{ﬂg%:sissmdeé%&ige%dakgﬁdfiétﬁﬁg&éfxg@a"y coupl ed

to the radio pro represente es 44 and 46,
t o the basebsndcalerfemt eﬂdlzs tvewhich defarie sppited by iye bampbanfl eidmnt ithe%‘helS and to

the radi o el enent. 28, h rese of,.the |line In the
e ary | HEBHEHE APEBEES o HANUR LR S on i e S BouenCEhaRars [ esour ce
managenent | Q@k&ddd ﬁ@ﬁri%rsm QQQSQ;Lm éf@ama& Way ©8bhd & mbRAnRNNHE ERIGEersONt I Ol
| ogi ¢ el enent includes an analézer a resource allocator 56, and an

al | ocation r%sﬂyewgl@hmdata@nes the Ttagseaiver pemtitsss operstion desendidétacwonons of
t he datatha& b|Ie

stati on purcigient §eBrERER ShSRcesHanRd e o dutalT g o

communi cat i oan&ﬁﬁﬁbﬂmftﬁ'megdadhﬁzaﬁﬂl@n of the characteristic conprises, for

' nstance, [00629] Pursuant to an embodiment of the present invention, the communication
station 12 further includes a multi-carrier radio resource control logic element 42.
The element 42 is at least functionally coupled to the radio protocol stack 18,
represented by way of the lines 44 and 46, to the baseband element 24, here
represented by way of the lines 48 and to the radio element 28, here represented by
way of the lines 52. Inthe exemplary implementation, the element 42 is embodied at
a radio resource management logical layer.

{00030] The multi-carrier radio resource control logic element includes an analyzer

54, a resource allocator 56, and an allocation message generator 58. The analyzer 54
receives indications of the data that is to be communicated by the network part to a
mobile station pursuant to effectuation of a communication service during a
communication session. The indication of the characteristic comprises, for instance,
the amount of data that is to be communicated, or some type of indicia that through
analysis by the analyzer permits the communication requirements to communicate the
data to be analyzed. Indications of the analysis performed by the analyzer are
provided to the resource allocator. The resource allocator allocates resources based

upon the analysis made by the analyzer together with indications of data scheduling

information. The communication resource allocations are made across a plurality of




the anmount of data that is to be comruni cated, or sone type of indicia that
through analysis by the anal yzer permts the comrunication requirenents to
communi cate the data to be analyzed. Ingications of the analysis perforned
by the analyzer are provided to the resource allocator. The resource

al l ocator allocates resources based upon the analysis nmade by the anal yzer
together with indications of data scheduling information. The

comuni cation resource allocations are made across a plurality of 10

| ogi cal | y-defined radio carriers, wthin the operational range of the
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comuni cation stations that are to be parties to the communication _session

i n whi ch t héndexaffset cemhinghior istnsevided for pecht afsheallasationsnienerding Bpestie vi ce,

h [ ' 4. Ac| I i.ff. ' :
(e 2 ocar e . STl AT 0:30 bASL BTSSR S
al | ocat i ons sassfornadehitistheldan is d@pandRated 4y officdtinge thaRatinhinida€isn eérviche

communi cation statioons. For .an allqcation to be permtted, the,
comuni cat i dhc aHogatiensdnglyde timg slotallogated gp differens cagivrnif sPBEITABMSES. ¢ he

frequency OfAﬁd}g?e; I‘gHi'ﬁ %ﬁjdic%arriéﬁ@%cx%k%ﬁﬁi%ﬁit@‘aﬁlo ot 3Q¥e hig KaRGU Ce
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allocator. An indication of the allocated resources’ is also provided to
t he al | ocat iashalse depegdentgppe sachoritg®y, infieativnselghicly eredhrberapghiedtodhes an
al | ocati on negsage that | rovhded to the RF transceivers 28 for
conmuni cat i c{ﬁg'f)&gstoﬁléceﬁ%#@elggtcé?l on 14. Through conmunication of the

al | ocation mepwage] thatrolaftisaded are/gdneRsed et dspinike allbctorahl] pedi@d to
resources, the nobile station is made aware of the all ocated resources.

[00032] The theEdieptase] $ack, fisthaerhend element vad vk bglewsntts centreldheif e of the
netvork St aldeffiion i ESufofify B Ae'Hoe LRGN nfilc b) Tad WRIAS:. SAR!  ON 1S

shown. The
indication of the allocated resources is also provided to the allocation message

generator 58. The message generator generates an allocation message that is provided
to the RF transceivers 28 for communication to the mobile station 14. Through
communication of the allocation message that contains values identifying the
allocated resources, the mobile station is made aware of the allocated resources.

[00032] The mobile station includes structure analogous to structure of the network
station. Here, the receive chain portion of the mobile station is shown. The mobile
station includes an antenna transducer 64, an RF element 66, a baseband element 68,
and a radio protocol stack 74, The RF element forms a wideband RF transceiver front
end having a radio frequency of a bandwidth sufficiently wide to receive concurrently
a plurality of radio frequencies upon which data is communicated during operation of
an embodiment of the present invention.

[00033] The wideband RF transceiver provides for multi-carrier reception.
Streams of data communicated to the mobile station upon separate carriers, within the

range of operation of the RF transceiver are, e.g., independent data streams.




station includes an antenna transducer 64, an RF el enent 66, a baseband

el enrent 68, and a radio protocol stack 74. The RF elenent forns a w deband
RF transceiver front end having a radi qifrequency of a bandw dth
sufficiently wide to receive concurrently a plurality of radio frequencies
upon which data is comruni cated during operation of an enbodi nent of the
present invention. [00033] The wi deband RF transceiver provides for
multi-carrier reception. Streans of data communicated to the nobile station
upon separate carriers, within the range of operation of the RF

transcei ver al08034. b gnei inghbqpaanthtion, tarntcans wansducet 64 i BOESAtativie of o,

I npl ementation, the antenna transducer 64 is representative t, w0, or
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coupl ed, at _I‘gggt functiognally, to the radio_protocol stack qi way of the
lines 86 andn®adesigletctor$acmgairanplisndtt Aoy, thefedip gesprwe Renttoldeditei ver

formng the ditmer? iCiBledDM 1VBY ARLHSNRY) foftfe i hidtdclPs & ¥f the
i npl enentation, the efenment /78 is enbodi ed at radi o resource nmanagenent
| ayer. [ 00038ies $hendi8}, dotlerba8ébaog eleatens 92,andéd thetRRE transedivadatmiog thheREage

sent by the .network statiaon to the nmobile statjon. The detector. extracts
val ues cont LHBE B SN Ui s |18 e BRTREY Mp GRnai-daS FEREI 75 s ¢ he

communi cat i QmYoRFAU & 85did kdsBERE Bthnh&mdftayeMuni cati on session to

communi cate the data pursuant to effectuation of a comrunication service.

Dﬁt ecti onsI lrraH?é’Ob@/] fl"h@d@te@tet%@pqafrtes fordsiactithg allgcativa mqs@?;&leﬁ@mtlmfrthm. And, )
the contro ee’é‘nc%%{a%tgﬁ?o b ﬁ&g%&?aéigg?g@g?lﬁ%%&gﬁ%xtﬁ%% VIRRE cgntﬁi%?& glo g o that

the nobil e sl% ati on recei ves, € conmuni cate a. The

controller, diocatiohghéRge, ocothtrmaisidapiiathoasn@initittonrasoueies atb@nbs of
the nobile station, including the wi deband RF transceiver, to epsure that
the radio eltBereommupicationssssian focommynigats thesiata purmsat tosfestiatiognotde dat a

comuni cat ed, inilARnAkFA&R" Bltections made by the detector are provided to the

controller 84. And, the controller operates to control operation of the mobile station
so that the mobile station receives, and operates upon, the communicated data. The
controller, for instance, controls operations of the various elements of the mobile
station, including the wideband RF transceiver, to ensure that the radio elements are
operable at the proper times to receive the data communicated over the different
carriers. Thereby, intelligent control is provided to the mobile station,

[00037] Figure 2 illustrates a representation, shown generally at 122, of
communication resource allocations made for the communication of data pursuant to
operation of an embodiment of the present invention. The representation illustrates
three successive TDMA frames 124, 126, and 128, each of which includes eight time
slots, numbered 0-7. Eight radio frequency carriers 132, identified as RF channels 1-8
of the inactive cell and carriers FM-1 — FM-MAX of an adjacent cell all identify
carriers identified in the exemplary communication system.

[00038] Here, the mobile station is capable of receiving data communicated on
three RF carriers simultaneously. Communication resource allocations are made,

therefore, with the constraint that the data be communicated upon no more than three




carriers. Thereby, intelligent control is provided to the nobile station.

[ 00037] Figure 2 illustrates a representation, shown generally at 122, of
comuni cation resource allocations made fhor the comruni cation of data
pursuant to operation of an enbodi ment of the present invention. The
representation illustrates three successive TDVA franmes 124, 126, and 128,
each of which includes eight tinme slots, nunbered 0-7. Eight radio
frequency carriers 132, identified as RF channels 1-8 of the inactive cel
and carriers FM1 - FM MAX of an adjacent cell all identify carriers
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whi ch nmeasur enent s gre magﬁ by the nobile station. [00039] Resource
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tinmes Tta, , T nd b, finedin the TS 45.002 [2].. Annex B
speci 11 cati oho: sisTnedi g K45 B2 (9F ASER B Pocitui TG ToHRECEHRST oqui red
of a nobi | e ghakilpndémifg e tiBebquired bf 2R9BIl¢ stfion fo8%Licu8y td ®aRREL Vel Y,
before receiving a subsequent burst, transmtting a subsequent burst, or
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ol low n equation: Nt N,
J S%ﬂected in terms of an MAIO (Mobile Allocation Index Offset) and time slot
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combination by “scavenging” for available resources according to the following

equation:

Nt Nr

MAX 2> S putgsu € 0,1}

. t=l R=l

N LR W AT S AT YA
) Else: 0

Where:

t =timeslot number

R =RF deck number (both transmit and receive)

Nt =Maximum number of timeslots in allocation

Nr = Maximum number of RF decks available for simultaneous reception in mobile

terminal

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

u,, = Utilization of timeslot “t” on RF deck “R” permitted according to the reaction

time constraints (Boolean)

a =Timeslot availability for allocation to mobile downlink (Boolean)




MAX : XXS,RUtk;u e {0,1} 1=1 RR1 a AV (f. f, Vv Jt {{'" II"
~=1fr-Jr+1-/r St:u Else : 0 Were: t =tineslot nunber R = RF deck nunber
(both transmt and receive) Nt =Maxi munpznunber of tineslots in allocation
Nr = Maxi mum nunber of RF decks avail able for simnultaneous reception in
mobile termnal S1R = Radio resource of tinmeslot "t" on RF deck "R' for
nobil e receiver utR = Utilization of tineslot "t" on RF deck "R' permtted
according to the reaction tinme constraints (Boolean) a = Tinesl ot
availability for allocation to nobile downlink (Boolean) 13 [00041]
Because t he rE¥84lk Bscawsetheaesouiqes arschot bimtited $ethevaitaglable vppoa siagki ngl e

carrier, a substantiall ncreased st bidity of availabilifty of
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shown genera conmuni cati on resource allocations na or the
conmuni cat i anoefquitklyathpw ket asivehidonatiperailabted of anot her enbodi ment of the
present inventjaon, The rep[Hegsent ation illustrates three sucgessi ve TDVA

franes, f raneg)ofé%], Frogge 3 tratena r@a%ﬁn@ﬁowlwn g?‘if'éﬁbﬁ’és”éi" ht tinme slots,
nunber ed 0- 7ol diliStof résoufdeMbediRRdl gﬁtié gﬁgﬁ@%ﬁﬁﬁj%ﬁrﬁof dl%:lf]a uréL%]ﬁf%;L' ed

as RF channels 1-8 of the inactive c carriers Fm 1-

adj acent celdpesdtioniof emsthénendmdiment f lobgmesehi ipderntiont e eopregehtatipn

communi cat | lustrates three successive TDMA frames, frames 134, 136, and 138, each of which
includes eight time slots, numbered 0-7 in Figure 3. Eight radio frequency carriers
142, identified as RF channels 1-8 of the inactive cell and carriers Fm 1-FmMAX of
an adjacent cell all identify carriers identified in the exemplary communication
system. During different timeslots, communication resources are allocated on
differing carriers, and resources are not allocated concurrently on more than one
carrier. The references R1 and R2 are shown in Figure 3 to identify the two carriers.
upon which data is communicated in the example resource allocation in which two
carriers are available upon which to communicate data upon any two adjacent time
slots. The indications T and M identify periods during which data is transmitted by
the mobile station and during which measurements are made by the mobile station,
.respectively.

[00043] Resource allocations are made, by the resource allocator 56 shown in
Figure 1, to maximize the sum of downlink time slots allocated to a single mobile
station given the constraint that resource allocations are not made on separate radio
carriers during concurrent time slots while also observing the reaction times Tta, Ttb,
Tra, and Trb, as defined in the TS-45.002[2], Annex B specification. The reaction
times, generally, identify the time required of a mobile station to get ready to transmit
or to receive, respectively, before receiving a subsequent burst, transmitting a
subsequent burst, or performing a measurement on an adjacent-cell signal.
[00044] In this exemplary implementation, the carrier/time slot combinations are

selected in terms of an MAIO (Mobile Allocation Index Offset) scheme by

“scavenging” for available resources according to the following equation:




system During different tineslots, conmunication resources are all ocated
on differing carriers, and resources are not allocated concurrently on
nore than one <carrier. The references R4 and R2 are shown in Figure 3 to
identify the two carriers upon which data is communicated in the exanple
resource allocation in which two carriers are avail able upon which to
communi cate data upon any two adjacent tine slots. The indications T and M
identify periods during which data is transmtted by the nobile station
and during which neasurenents are nade by the nobile station

respectlvely éﬁgagfﬁiﬁF@sour ¢ allocations are made, by the resource

al | ocat or *Yap Y {@ h to maxim ze the sumof downlink tinme slots
al | ocat ed to a si' g “e nbi | station.given the constraint that resource

al l ocations are n =%ﬁhséﬁamafg Fadio carriers during concurrent tinme
slots while al'so begerying the reactidn times Tta, Ttb, Tra, and Trb, as
defined in t TS-45.002[ 2], Annex B specification. The reaction tines,
generally, i WFify the tine required of a nobile station to get ready to
transmt ory Leme86EkHgher’ €Spectively, before receiving a subsequent burst,
transmitting a subsequent burst, or performing a neasurenment on an

adj acent - ceIR%R@ﬁ@ﬂkm{nﬂ@@@thhtrﬁnﬂmt @lcblﬁeﬁm)ary i npl enent ation, the

carrier/tinme lRII c;orrblnatlonf}é ots fg ﬁdlnterms of an I\/AIO(I\/bblIe
Al | ocation Index %Y?%ﬂhwm%é%B g *%%1 for avail abl e resources

accor di ng t oNF bevhdudniab@ QERF deBks Ailabie fMSlI%H@OlllS réceptiBifmoblle E {0, 1}
1=1 R=1 ra=1A (' Jr #Jr+l AUl IR =0:11 St:u=il Else : 0 Were: t =

timesl ot nurig@in® = RF deck nunber (both transmit and receive)

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

« = Utilization of timeslot “t” on RF deck “R” permitted according to the reaction

time constraints (Boolean)

a = Timeslot availability for allocation to mobile downlink (Boolean)

f00045] Figure 4 illustrates a method flow diagram, shown generally at 142,
representative of the method of operation of an embodiment of the present invention
by which to communicate data between a set of communication stations in a
communication scheme that provides for mobile allocation index offset or carrier
frequency.

[00046] First, and as indicated by the block 144, communication requirements
required for the communication of the data are analyzed. The analysis is performed
responsive to an indication of a characteristic of the data. Then, and as indicated by
the block 146, communication resources are allocated across a plurality of radio
carriers for communication of the data, the data to be communicated by a wideband
RF transceiver in accordance with the allocated resources.

[00047] Thereafter, and as indicated by the blocks 148 and 152, an allocation
message is generated and sent by a sending communication station to a remote
communication station that identifies allocations of the communication resources.
And, as indicated by the block 154, the allocation message is used at the remote
communication station to control its operation pursuant to communication of the data

across the plurality of radio carriers.




Nt =Maxi mum nunber of tinmeslots in allocation Nr = Maxi num nunber of RF
decks avail able for sinultaneous reception in nobile termnal S R = Radio
resource of tinmeslot "t" on RF deck "R' ffsor nobile receiver ut =
Utilization of timeslot "t" on RF deck "R' permitted according to the
reaction tinme constraints (Boolean) a = Tineslot availability for
allocation to nobile downlink (Boolean) [00045] Figure 4 illustrates a

nmet hod fl ow di agram shown generally at 142, representative of the nethod
of operation of an enbodi ment of the present invention by which to
comuni cat e de084fletmproredcpmupicatimrprnioraandest adugh-sread data service is
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comuni cat i %t%Bero‘?ﬁeﬂ@d&H.ocat ed across a plurality of radio carriers
for conmmuni cation of the glat a,” the data to be communi cated by a w deband
RF t r anscei VBre previewscdascidptions are df prréferred bxamgtledfor eadamesitng the G8-4iiton,
Thereafter, a as indL.cated hy the bl ocks 14 ngd. 15 | | ocation
message i s gagﬁglpedgcgae Bh@eé'é‘f’?fm%@rS@“@ﬁﬁi%&%@ﬁ%@ﬁ%@&}eﬁ@ﬁa@nﬁ QFEICB‘HU?’EJ a
renote  CconMMpy abd mhébﬁ:.%rﬁ'i‘mﬁeﬁﬁ&nis%ﬂhé&l&fﬁle%ﬂ&?ﬁ icPgs of the

comuni cation resources. And, as indicated by the blFock 154, the

all ocation nessage is used at the renote comunication station to control
its operation pursuant to communication of the data across the plurality
of radio carriers. 15 [00048] Inproved comuni cation perfornmance of a

hi gh- speed data service is thereby provided. |Increased throughput rates
relative to those achi evable when resource allocations are limted to
those of a single radio carrier is provided. Increasingly data-intensive
data communi cation services are better able to be carried out wthout
noti ceabl e del ay.




The previous descriptions are of preferred exanples for inplenenting the

i nvention, 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 claims. 16 { Wat is clainmed is: 1. Apparatus for a first
comuni cation station operable to conmunicate data in a comunication
schene that provides for nobile allocatiign i ndex offset, said apparatus
conprising: an anal yzer adapted to receive an indication of a
characteristic of the EDGE data that is to be comunicated by the first
communi cat i oWhat itclajmeddsti d  anal yzer configured to anal yze comuni cati on
requi rements required 0, | | . X S . ocat or
adapted to recei \L/jlé an ﬁiﬁ{l%g %@iléé%i)]r?g&éﬁ%lu%?tgg%ng%%ﬁgé%s%ﬁéﬁglﬁa tlf/zer,

sai d r esour atainlacatiinicaiohischihecthhiopralidec fol endbils alléEen irdiek ioffeet, daid t er ns
of nobile allocation index offsets across a plurality of radio carriers

for comuni CRPFGHSSGPIPHENEat a; and a wi deband radi o frequency el enent
adapted to receive an dn?iﬁhl;/géﬂa(a??tgato @e&i‘&&?ﬁilﬂﬁbaﬁﬁﬂ‘éfmﬁ?@dt&is‘ii%?ﬂ{ece

al l ocator, said w deband radio equency elenment operable across a
plurality ofEP@Hidatachatris trls; commowsiedted by thelfasccormulircdtion gtadinn,ysaide| enent
configured to g}gerat indconfaﬁ)rm't wi th the resource all agati on nade by
said resour®P@Yaf YeLewed fQan %Mélﬁlllﬂ%‘fago%?%‘ér@‘?ﬂ@r‘fﬂ%te [ty of the radio

carriers. 2.coffifutRRhdruse fta;claim 1 further conprising an allocation
nmessage generator adapted to receive the indication of allocation nmade by

sai d resource al | ocatatesoused alloghtopadaptaskto messtmgn indingratddthecamlyistjured to
generate an allqcatipn ,nmessaqge identifying the allocation made by said
Peoource. al 1Bt HhanRe SR IET i B oh R R SRR of <o ¢
def i ned uponiefiied irdlethabi thybiltf allodstioh iaaét bffdess RPss WREit) of Relié eafuikces
allocated by said resource allocator are allocated to selected tine slots

of the nobi Ifer eempenicatinn eithedatatandet s to which the resources are
al | ocat ed.

a wideband radio frequency element adapted to receive an indication of
allocation made by said resource allocator, said wideband radio frequency element
operable across a plurality of radio carriers, and said wideband radio frequency
element configured to operate in conformity with the resource allocation made by said

resource allocator to transmit data across the plurality of the radio carriers.

2, The apparatus of claim 1 further comprising an allocation message
generator adapted to receive the indication of allocation made by said resource
allocator, said allocation message generator configured to generate an allocation

message identifying the allocation made by said resource allocation.

3. The apparatus of claim 1 wherein time slots are defined upon the
plurality of radio carriers and wherein the resources allocated by said resource
allocator are allocated to selected time slots of the mobile allocation index offsets to

which the resources are allocated,

4. The apparatus of claim 1 further comprising a baseband part adapted to
be provided with the data to be communicated by the first communication station, said

baseband part configured to generate a single signal representative of the data to be




4. The apparatus of claim1 further conprising a baseband part adapted to
be provided with the data to be conmunicated by the first comuni cation
station, said baseband part configured to generate a single signal
representative of the data to be 17 conmmunicated and to provide the single
signal to said wi deband radio frequency elenent. 5. The apparatus of claim
1 wherein said resource allocator is furlt/her configured to generate a
radi o part conmuni cation station control message for application to said
radi o frequency el enent to control operation thereof pursuant to

al | ocat i ons SeEHaupGatedand tp prayidathe sngleosagnst to wid wissbanshradiatfipguecycl ai m 5
wher ei n val yg ; the radio part comunication station control nessage
cause said radio frequency elenent to be operative to comunicate the data
upon the radio carriers upon which said resource allocator allocates the

resources. 7. The apparatus of clajm 1 erein the first co ni_cation
station further %onprﬂgeé@paralala%sf&ﬁal qrein sefdvipropesepllacater 15 BUHGF ce

al | ocat or i gchHELRE% g&fégg é QkﬁcﬁéjPérPc&ﬁl%ﬁﬁﬁﬁt%rﬂstQE)ggégggﬁl Jags;sé%e%mmni cation

. t
station control "nessage to apptication to the to control
oper ati on t heppbaftiopde saidmdi¢ frequdnoy aleinensto aratlel dpgratian dtheredgursventdd| ocat or .
8. The apparazltous. of claim 1 wherein. said anal yzer and said resource

al | ocat or arHIOEFHRESmage By sqdrexprtre 0P e nanagenent |ayer of a radio

protocol stack defined at the first comunication station. 9. The
apparatus of claim1 wherein the data conprises a gl urality of data
streans for commfhi catTherappenagisai clairo Savisrein apiuey oothe gadiap@dnmuni cat i on

services a .ei.n the indicatiogn of the char. risti id
anal yzor i o pURIERy Bhoh hF ARl I G Ry diditlo 88
char act er i stdperdifve éacdm@inicie ths dbt@bpdrythe tadi@tarisisrupaiisehichGaidllesovagpar at us
of claim9 wherein the resources allocated by said resource allocator
conpri se sephostter pllacaies the 1839UERSAL | ons for conmuni cation of each of the
plurality of the data streans. 18

7. The apparatus of claim 1 wherein the first communication station
further comprises a baseband part and wherein said resource allocator is further
configured to generate a baseband part communication station control message for
application to the baseband part to control operation thereof pursuant to allocations

made by said resource allocator.

8. The apparatus of claim 1 wherein said analyzer and said resource
allocator are embodied at a radio resource management layer of a radio protocol stack

defined at the first communication station.

9. The apparatus of claim 1 wherein the data comprises a plurality of data
streams for communication pursuant to a plurality of data communication services
and wherein the indication of the characteristic that said analyzer is adapted to receive

comprises identification of a characteristic of each of the plurality of data streams.

10.  The apparatus of claim 9 wherein the resources allocated by said
resource allocator comprise separate resource allocations for communication of each

of the plurality of the data streams.




11. The apparatus of claim| wherein resources allocated by said resource
all ocator conprises resources allocated upon nore than one of the plurality
of radio carriers during a concurrent tinme period. 12. The apparatus of
claim1l wherein tine slots are defined upon the plurality of radio
carriers, wherein the resources allocated by said resource allocator are
allocated to selected tine slots of the ¥&adio carriers, including at |east
two tine slots concurrently upon separate radio carriers. 13. The
apparatus of claim 12 wherein the resources allocated to selected tine
slots selected aslla fulaapparabision claml wherein sesoniess pligsateddy saiddesawrieng ti me

requi rement Sy bN& sl ré& |13t ﬂpéﬁ AbkPRan dfe of tfle ﬁﬁg@-ﬁg%f’ﬁdfoor aa

conmruni cation station operable pursuant®to conmunicatio ata In
conmuni cat i crarrsahdmng hedncprremti tihespdraxd. nobi |l e  al | ocati on i ndex of fset,
sai d apparatus conprising: a w deband radi o frequency el enent adapted to
detect data comrunicated to the conmunication station across a plurality

of radio carriersp a detemhefnkUrl a1 18 dviReifl BhRGotd fredleiféAtiRNnEES Sage
delivered to the w deband radio frequency elenent, the allocation nessage

i dent i fyi ng memstitynifcadio garriers suhgretetheabdovuas eldodatedttysatioesmaméecallocatar st at i on

pursuant to the,co ni_cat i of . .the,dat t he resoyrces. allocated the
comuni cat i h° &t HP< Oa‘glfftﬁ‘ggmieﬁlqt%? ¢ qd?%%flf’ré’ lnﬁﬁlﬁ%ﬁf < t?”ﬂglé&e of fsets
across the pliats abnduyrely hgsh Rp&afda@oSarriigl a control l er adapted to receive
an indication of detections made by said detector, said controller

configured to generate a control signal responsive to the detections nade
by sai d detector,q 4 he ﬁgn” i l AN t| i
wi deband radio frle?’C']uency géﬁen%tq?%%éwq%h%éﬁeg%%%%@&% ayﬁéﬁtgnitf}@f\ﬁgtggei n
tinme slots aime slefsiscledtedpoa fiidugion bbthr fltiniey/siof avaAsbibtycad tingngtimed wher ei n
the communi cati.on resources identified in the allocation nessage detected
by sai d det EH@FomEEs %ﬁlﬂlﬁgé‘-‘ttéﬁ‘n{né‘n?ép%fté‘é"rt-i nme slots to which the
resources are allocated. 19 16. The apparatus of claim 14 wherein the data
detected by said w deband

14.  An apparatus for a communication station operable pursuant to

communication of data in a communication scheme that provides for mobile
allocation index offset, said apparatus comprising:

a wideband radio frequency element adapted to detect data
communicated to the communication station across a plurality of radio carriers;

a detector configured to detect an allocation message delivered to the
wideband radio frequency element, the allocation message identifying communication
resources allocated to the communication station pursuant to the communication of
the data, the resources allocated the communication station defined in terms of mobile
allocation index offsets across the plurality of radio carriers; and

a controller adapted to receive an indication of detections made by said
detector, said controller configured to generate a control signal responsive to the
detections made by said detector, the control signal controlling operation of said

wideband radio frequency element.

15.  The apparatus of claim 14 wherein time slots are defined upon the
plurality of radio carriers and wherein the communication resources identified in the
allocation message detected by said detector are allocated to selected time slots to

which the resources are allocated.




radi o frequency el enent across the plurality of carriers conprise

i ndependent data streans. 17. The apparatus of claim 14 wherein the first
comuni cation station conprises a baseband part and wherein said
controller is further configured to generate a baseband part control
message for application to the baseband part to control operation thereof
pursuant to allocations identified in th® allocation nessage. 18. A nethod
for conmunicating data by a first communication station in a comunication
schene that provides for nobile allocation index offset, said nethod
conprising the operations of: anal yzi ng communi cation requirenents required
for conmuni cati on gof !

characteristic opﬁfheﬁﬁﬁ%ggﬁﬁﬁ?0?§ Rﬁﬁhwﬁgégnﬁﬁd&ggbga%%§?§§?§&%%ﬁ%d
sai d oper at iradio Gfequanglcknieng acroessthe phueditpof eificd cpmprisd intypentent ddiao
carriers for connunlcatlon of the data, the radio carriers within a
bandwi dt h ofSt% 6H8%-ati on of a w deband radio frequency transceiver of the
first conmunication station. 19. The nethod of claim 18 further conprising
the operations of: sending an allocation nessage that identifies

al |l ocati ons nade lduri ﬁl”g'le a;pm'udtuspéclatrhdé vdterainh thedasti coginnmnicatisn s@atidn

conmuni cation_statian; usi n he .al |. catl th second
comuni cat i cﬁqm?flﬁ‘f’slao s cP&ﬁtanlw wa%gm%ﬁe e tp

communi cat i %n&fatetd&séﬁihé aﬁ&:eﬁt%oltxﬂ@s%%ﬁ@pwaﬁn tortﬁ&me%aﬁiaﬁrté al I ocated
during said operation of allocating . hod of claim19 further

conpri sing taatrelmperation theseofwrwent ta glloektions entéfied iddhraltbertief messpggyuency
transcei ver at the second communi cation station, the w deband radio
frequency transceiver at the second connunication station operated in
conformty with tige alA er#idddor sormagieating data by a first communication station in

during

a communication scheme that provides for mobile allocation index offset, said method
comprising the operations of:

analyzing communication requirements required for communication of
the data responsive to an indication of a characteristic of the data;

allocating, responsive to analysis made during said operation of
analyzing, resources across a plurality of radio carriers for communication of the data,
the radio carriers within a bandwidth of operation of a wideband radio frequency

transceiver of the first communication station.

19.  The method of claim 18 further comprising the operations of:
sending an allocation message that identifies allocations made during
said operation of allocating to a second communication station; and
using the allocation message at the second communication station to
control operation thereof pursuant to communication of the data across the plurality of

radio carriers allocated during said operation of allocating.

20.  The method of claim 19 further comprising the operation of detecting
data at a wideband radio frequency transceiver at the second communication station,
the wideband radio frequency transceiver at the second communication station

operated in conformity with the allocation message.




