METHOD AND APPARATUS FOR ALLOCATI NG COVMUNI CATI ON RESOURCES TO COVMUNI CATE
DATA IN A RADI O COMMUNI CATI ON SYSTEM [ 0001 ] The present invention relates
generally to the communication of data pursuant to a high-speed data
conmuni cation service, such as an Enhanced Data for GSM Evol uti on ( EDGE)
comuni cation service. Mre particularly, the present invention relates to
apparatus, and method by which to allocate comrunl cation resources across a

plurality of nobile ﬁiﬁfﬁ%ﬁi Rﬂﬂi g%ﬂ Rguency carriers in

a manner such th T g assigned to a
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ext ensi on to t he general GPRS communi cation schene, referred to as EDGE

( Enhancedeq¥§nsY $8Fi€5SM Evol ution), is presently undergoi ng depl oyment .
EDGE- capabl e comruni cation systens permt data thruput rates that are
significantly higher than those achievable in the predecessor GPRS
systens. Patent docunent nuanacl@@%BQﬂﬁlneeMQn di scl oses a transm ssi on
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radio communication systems that permit data to be communicated at high
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communication thruput rates. Increasingly, data services, previously unavailable or only
available by way of wired networks, are performed by way of a radio communication
system that provide for high-speed data services. And, with continued advancements in
communication technologies, the data thruput rates by which data is communicated shall
likely yet further increase. For instance, the infrastructures of GSM (Global System for
Mobile communications) networks that provide for GPRS (General Packet Radio Service)
have been widely deployed and widely utilized to effectuate data communications. An
extension to the general GPRS communication scheme, referred to as EDGE (Enhanced
Data for GSM Evolution), is presently undergoing deployment. EDGE-capable
communication systems permit data thruput rates that are significantly higher than those
achievable in the predecessor GPRS systems. Patent document number EP 0938208, e.g.,
discloses a transmission method for a GSM communication system.

[0003] While EDGE-capable systems represent a significant improvement in
terms of achievable data thruput rates, there is a continuing need to increase yet further
the achievable data thruput rates to permit increasingly data-intensive communication

services to be performed in a timely manner.




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

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

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

communi cations. Multiple carriers are available for use, sonetines defined
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comuni cation system [0011] Through operation of an enbodi nent of the
present invention, the comrunication resources are allocated across a
plurality of nobile allocation index offsets by which to conmunicate the
data. Allocations are made in a manner that resources, during a single
tinmeslot, are assigned on a single carrier, i.e., a single index offset.
[0012] By permtting the resource allocation across radio carriers of a
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conti guoug# ki es or sequence, such as a block, of tine slots can be

al l ocated for the performance of a data conmunication service during a
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i ncreases the |ikelihood of inproved data thruput rate performance. [0014]

In one aspect of the present invpeidlleape@amrh@{us is enbodied at a network
part of the data radio communi cation system e apparatus enbodi ed at the

network part CQHBIThepreaentamvniionaccordingtin adantagcenrly prosides st at i on
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[0011] Through operation of an embodiment of the present invention, the

communication resources arc allocated across a plurality of mobile allocation index
offsets by which to communicate the data. Allocations are made in a manner that
resources, during a single timeslot, are assigned on a single carrier, i.e., a single index
offset.

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

[0013] A contiguous series or sequence, such as a block, of time slots can be
allocated for the performance of a data communication service during a communication
session. When a contiguous sequence is available within a frame across a plurality of
radio carriers, the data thruput, and resultant communication of the data, is more likely to
be greater than that available when allocations are limited to those made upon a single
carrier. Even if contiguous sequences, across a plurality of carriers are not available

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




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

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

al l ocator. The resource allocator allocates resources to permt the
comuni cation of the data to performa comruni cation service. The resources
are allocated, e.g., responsive to analysis nade of the comuni cation
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are allocated, e.g., responsive to analysis made of the communication requirements
required to communicate the data. The communication resources are defined in terms of
timeslot allocations upon mobile allocation index offsets. The resources are allocated
such that, for any timeslot within a time frame, the resources are allocated upon a single
index offset. That is to say, resources that are allocated are not limited to those of a single
carrier, but rather are selectable from across a plurality of available carriers, howsoever
logically defined, within the constraint of resources being allocated, at any one time, upon
a single one of the carriers.

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

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



[ 0018] Apparatus enbodi ed at the conmuni cation station includes a detector
that is configured to detect an all ocation nessage delivered to the
comuni cation station. The allocation nessage identifies conmunication
resources that are allocated to the conmunication station pursuant to the
communi cation of data. The resources that are allocated, and identified in
the nmessage, are defined in terns of nobile allocation index offsets. The

resources @are..allocated such that, for i 0 i1 hi . frane,
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net wor k p&? ‘C%OIEB@-%apabl e conmmuni cation systemthat provides a high

speed communi f@égg&p@g{aﬁjs%ﬁlﬂoﬁ% A i RefnRRHLE st%]tibﬁ’ ﬁﬁ:?}d(ﬁ@ aldedensr ahi sets.
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within a tinme frang, ces singl'e one of the

radi o car k¢setRes AgdllocatdbgEagesiggloenabdihe rgiinessitss an al | ocati on nessage
identifying the allocation. 5 [002,2%i In these and ot her _aSﬁlgcts,- further
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[0020] Through the allocation of communication resources across a plurality of
radio carriers in which a single radio carrier is allocated with resources during a timeslot,
improved data thruput rates are achievable.

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

resources are allocated upon a single one of the radio carriers. And, a message generator

generates an allocation message identifying the allocation.



delivered to the comrmuni cation station. The allocation nessage identifies
conmmuni cation resources allocated to the conmmunication station pursuant to
the comunication of the data. The resources that are allocated are
defined in terns of tineslots defined on a nobile allocation index offset.
And al l ocations are made across a plurality of index offsets. The
resources are allocated such that for any tineslot within a tine frane,

resources are n,a. sin e of the radi
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[0023] W efiset Remegiogten schemenifndeteqtords spwfigired terdsteshanallogation BessagRie t o
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conmmuni cation system (0024] The communi cation system 10 includes a set of

comuni cat¢figusaddoicenisol operitien of et firsrcommenieiion3tasion respamive ©4h¢ on st ati on
14. The Cﬁ@?gw}*ng?rﬁ]adg@ﬁﬁea&ét&q 1‘12 is representative of elenents of a

net wor k par MUNT CALT on system The comrunication station 12

shal | be ref er (@23} Willethesdaspedts in 1B, thetefare/veforarcs isfigt imade foFigurtnd, the
comuni cati on station 14 is represent atlve of a mobile station. The
comuni catliabHlustraies dromuelration yistean shown secily at Top spPBYIIEIEE a nobi | e
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12 and 14 1's capa generati ng data pursuant to per mance of an

EDGE dat airsentiorcis.op@uableatln te exsimpldry bepldmsototite thevdnmueisgentsystom 10

per for rmn%gmgltlse% add%\tlgquaéhgkco?n?n”&r?i‘é‘a'tx%gtslysqgmsfﬁgt\{sl ﬁBGE-capable, that is, provides for
EDGE (Enhanced Data for GSM Evolution) data services. The following description
shall describe exemplary operation of the communication system in terms of its
exemplary implementation as an EDGE-capable system, capable of providing EDGE-
based communication services. In other implementations, an embodiment of the present
invention is analogously operable to that described below with respect to its
implementation in the EDGE-capable communication system.

{0024] The communication system 10 includes a set of communication stations,

communication station 12 and communication station 14. The communication station 12
is representative of elements of a network part of the communication system. The
communication station 12 shall be referred to herein, at times, as a network station 12.
And, the communication station 14 is representative of a mobile station. The
communication station 14 shall herein, at times, be referred to as a mobile station 14.
During their operation, either of the communication stations 12 and 14 is capable of

generating EDGE data pursuant to performance of an EDGE data service. Operation

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




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

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

anot her nobile station that is capable of communicating with the network
station 12. Miultiple point-to-point data communications, as well as
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perfornmed,, conmuni.cation resources, i.e., time slots wthin frames defined
upon t he g’frcromlguﬁﬁfllsﬁ%?% for communication, are allocated for the
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al l ocation_of such a | arge nunher of tine slots per framge on a single
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to the cehte madethi alvcstivez tirod slots witkinifeimes gturing which data is communicated. A

maximum transmission rate of 59.2 kb/s per time slot is presently provided. When a

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

also allocated to perform other data and traffic services.




positioned. The operating specifications, TS 45.008 [5] and TS 45.002 [2],
Annex B specify and define certain of these neasurenents. Additionally,
time slots are sonetines also allocated to performother data and traffic
services. 7 [0027] Conpetition for the conmmunication resources limts the
availability of time slots, particularly contiguous time slots that are
available to be allocated to effectuate a comrunication service. For
exanple, if th j X1 cent. nr. i) . i 4.ty cof a
ingre time st BOH7EEoReR i b Mo i GrRR obieep i HR 1 AL

cont i guousmeisioes, phdicalafln cantéduogs Bmealdts that are a®ailabke 16 ibagllecam@biol effeatubtecat i on
I ndex offset, wthin a frame being available is only 4,67 percent. And,
the probabFpmmynisation serdegpkor e‘ééWﬁ’?“gtfdb%fet“i Xty Rereen mhahihg{rﬁf on a single
carrier bgilfgn: | 5%%% ek atist | 5 -di ng the
limtati o%‘}sal?l u@yﬁ%ﬂfﬁ%ﬁﬁge 0 ttfgrgnsts) | eﬁ{ét at iac%ﬁn!t::a\c{)%nbab%gﬁﬁfreggsggrenent S,

t here i s eomigabusstime slotsyonsnghgle karkiet, iileg adirtghamoild dlloghtéon indert offsebus ti me

slots woul d. be.avajl.able, a sing carrier for allocation.ta comunicate
data pursiEfitr ¢ game Ls&s@wf@%w 86%5’{? E%YP?IEnAé‘QrRE}‘F e@ba%@m PubEER | me
slots, orQiifpabudidl SoRNAa fdiBoh ﬁhél»e_caﬁﬂlie? bléi‘ﬁg_%‘iféi%&: cﬁ'}%ﬂoal% QBerl her

radio carriers. However, to date, particularly”in an EDGE-capable system
al | ocat i nfven disregiunding the linhithtiensalve to dutinsed af 2 mobic stetigmwto pakari tt ed. [ 0028]

In the illustration of Figure .l . the nicatjion,stations 12.and,14 are
funct | onaliFapPas e AP RRTRERG ol MRS oo fHigiong R Stot

i npl ement 4BLE Hehvailible €8 isin@fb dBiGEHr alk¥edtior ﬂae:oﬁmﬁﬁéa@@@awﬁmfs@mma by the
various el ements need not necessarily be positioned taglget er at a conmon

physi cal P#tgtpLepIpRInigEipnrerdees tGenbighews tirae plotss osethberradddiopphtisne alptsgevi ces.

For exanpl.ge, f | the.. station 12
need not be SB%IE ﬁ;{lﬁ%%ﬁ%ﬂ%@ 021%%6{“20 5%%}922?&1/%;;?%%@ ’ %ﬁéaﬁ&g&gn base

t r anscei vEDGH-adpable, sybtatn, sldddating time shies ok gifferdatitaelib eatriasds sa\permittephysi cal

| ocations, in¢luding, for instapnce, a base station control]er t he

net wor k part ofodigtﬂb@ﬁﬁﬁﬁﬁéﬁ?q lg%ébﬁcm%‘fmmét%%b# Rn%f‘L?rFon her e
shows its ' NAREo) ' b leges, r.adi l; ck 18 to
whi ch use?h%gp | gfﬁgﬁéngbgf g{r%ﬂs‘?&ggg?‘f&ég‘[‘%f vvayto attaﬂgiﬁgqiﬂg&gg&g lr'1I' efluser

appl i cat i desimtdnzaninet. fAmd, tonfmmetica tpedormal ynike orrionsrabenoits heedgioat | ons

pur suant }1 Qess arily be positioned together at a common physical location but can be distributed

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

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

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

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




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

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

2010, ! BRI 8, AL a0 e RBBLR S B oL e

functi onatrhxysceﬁérsraaamufmﬁwg&ey Edch RS didteR chided tondﬁlte'B)ﬂa trbhgdackirae.
transceivers are shown in Figure 1, each of which is coupled to an antenna

t r ansducefhgfansdppgrs frﬁ'éﬁﬁ%‘%@é@tatlﬁ@rﬁ%ﬁ?@@atgﬁ@l“cfaﬂa forrogapdeatioiadiset i ¢
formfor commini or a plurality of
conmmuni cafgl on stcgﬁé%%guéfﬁl&i Pgsgg’em&ﬁ%ﬁﬁ%ﬁ%#g@o&éﬁmm of the present
i nvention, t he[O(BtI}'vBui’suattacb b0 embadineensof tha preselet snventivu, tthe meiworlentatrcmdhm
resource contr | o el eent .42. The el eent. 42 is at st f ctionally
coupl ed t 81P H@?‘Fdfa ﬁgm@w@a‘a%radé? ERSRUIER cowgﬁ%yekﬁw%‘?? (e et 443 8ng

46. The el&sithechaftp Uil oqnd ARICASERANGaS ARG 1ty mftﬁe ﬁyeswayanef t he
lines 48. And, the control logic elenent is coupled’to the radi o el enent
28, here H§. {thfe]@fnenhls cbupieéto ﬁebaﬁebmd dgmcn@%hm‘nbywaydfhl@ lemrﬁl’ﬁl ary

i npl enent gti,on, i eo e 0 | ayer.
[ 0635] - Tl o bgF < Raudi S bEaHID SemeBRTE ooty PhBE e o
anal yzer 534ThaldgeSEument, ﬁith@@ rg’gﬁlaéﬁm rﬂaﬂmﬁ' sQeodrRd Al R pREGRsG@ver at or
58. The anal yzer 54 receives indications of the data that is to be

communi caﬂ@@awﬂetnlﬁ@@féﬂww part to a nmobile station pursuant to

ef fectuation o on.
effect uati on ol ST AMEPRfT MsEREIHLRE 9 SRTLORIAP AETRCT.

of data t5afa iesodroe ﬁmcammmxﬁaﬁl@uocafonaﬁéﬁageygme:@for i58dirhe andliadr 54t hr ough
anal ysis by, the anal yz % permts the conmunication reqw rements to
comuni caf®&eivge infigationgotfhe dafg dhaf 3%ig bejcemmeunisatpddbighe peavoskh B 8 & per f or ned

by the an g:} 1€ staBbfy gﬁ{sﬁﬂt%gfféc@uattﬂﬁ of 'é%ﬁﬂﬁll{ﬁ?caﬁbﬁ 059 'ﬂun%é) @33] The

resource ocat or ocat es conmuni cat1on resources based” upon the
communication session. The indication of the characteristic comprises, for instance, the

amount of data that is to be communicated, or some type of indicia that, through analysis
by the analyzer, permits the communication requirements to communicate the data to be
analyzed. Indications of the analysis performed by the analyzer are provided to the
resoufce allocator.

[0033] The resource allocator allocates communication resources based upon the
analysis made by the analyzer together with indications of data scheduling information.
The communication resource allocations are made across a plurality of radio carriers. In
the exemplary implementation, a mobile allocation index offset and time slot combination
is provided for each of the allocations made by the allocator. Allocations are made such
that, for a single timeslot, resources are assigned on a single carrier. But, resources are
assignable upon successive, or sequential, timeslots on different ones of the plurality of
radio carriers. The number of radio carriers across which the allocations can be made is
also dependent upon the capabilities of the communication stations. For an allocation to
be permitted, the communication stations must further be capable of communicating at

the frequency of the radio carrier. And, the allocations made by the resource allocator are



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

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

resour ces on

i 71 or ont 5o Sep BRShHRRR BoiRIRANBARD Sk un s FRANE Uy Rk bIRRARS frell
carriers anﬁ@ﬁsoMMécmnﬁﬂanﬁblocatlons can be nade is also dependent upon

t he capabi | itl?s of _the comrupi cation stations. [E an al | ocatlc?n to be
pernitted, thelUBhinthFEspPish aecaarEraeRiFs: OrrcgPIch & boge

conmuni calRghed! thaf 48 gw QIR0 G aalot,getob@ldgt kceleghgeband“a&neﬁthw%hlewat i ons
made by the réesource | ocator are al so epen ent upon resource

avai | abi | element tmdn'ona:b] thris opératidm wlspansevefto thendlocappl dfeekoboees hmde bathieo

trol 0 4] .Th | |
o be genalaut: AMghe Bricaiae bE b SIpRAR fstufieds fge rovBietie Beoaamot ocol
stack, thed %@ﬁ@at%i‘ S¢ehe d%gtlérhﬁle@ﬁge @é&%&t getnGraﬁ{s‘ %raﬁbcétlﬁﬁ ifes@dp@r ation

responsive to the all ocation of resources nade by t | ocator. And, an
i ndi cat i othabfs nrawided tm@tcéemqregﬁmedﬁ%tra@camnfr@rt@vdsc@cbﬁtbe Rifeeletnéns 28 i on

nmessage ¢ The al | o¢c e tQ ene S. an

T oagt S Ra RlnsSSyerd B BonRER M ERRSR HRGHENE! 6 BiobflR BSkA fnfl,; o,
front endshedboliie dthtonRIF ted gebted 2&ourcthe RF transcei vers conmuni cate the
al |l ocation nessage to the nobile station to inform the nobile station of

the allocated [¥&5lldemobilgstatipn i anchulss seudvrganalosaus tp ks dmetre et et ur e
anal 000U pbdR 1L UERLEB Al b i BEHAKHRE R Mon BPLTRRLUGSH AR

i ncl udes structure anal ogous e structure e network station
wher ei n, Itlearme,twbﬂkestatme;irhaeeinhwm tiporeteioa cldin pbionob tlieendilmgtaimnns shown.
The m)bl l e station is. here sh?leﬁgstho i nclu an ant enna trans ucer. 64, an RF

el ement 66ROH-pLRGIMORTC HRCRIS OWRO am?%d&.aa aiegppigisdueet o aYRFrhe RF

el ement  kRGlACES, a%a@éﬂéh@%leﬁﬁén?& %'r:ldtarrﬁ‘dlﬁ(f)%ﬁf@(ﬂ stablPh. ERCURF efensdnl | @r tO
the transceivers 34, wth ferent ones of the transceivers being

oper abl e auclaties faeﬂla"nhtyoﬁlﬁﬁ temlstmmmm ends 74 ﬁmﬂ@r] toThetransbéivers Stawitbhn al so

I ncl udes | t.i-car radi o r,esource
Aifftent one€Of the rah@evers vern g operab(fe er& cflﬁ’erent carrier frequencies.

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

[0037] The detector 82 operates to detect the allocation message sent by the
network station to the mobile station and received at the RF element. The detector
extracts values contained in the allocation message, or otherwise operates to identify the
communication resources to be allocated for the communication of the data. Detections
made by the detector are provided to the controller 84. And, the controller operates to
control operation of the mobile station so that the mobile station receives, and operates
upon, the communicated data. The controller, for instance, controls operation of the
various elements of the mobile station to ensure that the elements are operable at the

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

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

[ 0037] The detector 82 operates to detect the allocation nessage sent by
the network s ot RF el enent .
The detector @.){3? pltggl vapﬁg{g&g%%%é’? %ﬂalﬁht%ﬁgwﬁggﬁé{ﬁd%ﬁﬁn’e@age or

ot herw secapmauaicesort @souwtendlldegtidisenadediormtheicomnunivaties ofldate putscartéo al | ocat ed

for the comuni cati on  of.. the Detecti ons__nade by the etect r are
provi ded PRFEHE mqr&qoﬂgye@@?ﬁﬁmeseph@v%}wr JhPé?Pr%éFaE{P’éél gate%gm:er ol

oper at i ongRedsRR THNiA Rardbaafids $94,1108! arld©8TERY 08 uﬁﬁ&tlhélﬁdéseé}?{t\{% and
operates upon, the comunicated data. The controll for 1 nstance

controls dp@r mutibered 0-tinFigweadi @L@te&(hwﬁnq@enoﬁ carhiersntdBi identsfiakds®F t o ensure

t hat the abl e at, the to,receiy, he dat a
conmmuni ca nglﬁésggﬁtg‘ Hfaf’{‘ eﬁltangacra’fri‘eé§ ngg\%g‘g?a&, adiarent 5 X 1ff’];lustrat es a
repr esent aleh@fy, cabiyieaeA& @l thyeﬁéznﬂ&%,coﬁﬁnmﬁm@ $@h] Drih 8 AFEHER

al |l ocati ons made for the communi cation of data pursuant to "operation of an

enbodi nentimgslotsheorpmusisgion reyaieds Gre almted@prde@@mgatanms,lmd GESPHEEERE et hr ee

5uo0eSS! Vor FNA LA BIRSrehd AUESoMhun Mol RS, RBEH BT RSN Aplydes

Igure freqaéncy Carriers

132, idenid F1ge&3amlﬂﬁ1tlfpﬁmelcmﬂer£umfn Wlmehldﬁla(ii coremasicatediirthe akarhgles Fm
1- FmMVAX of an adj acent ce all identify carriers identified_ in the
exenpl ar yrEosaAllecatippin w @béw CRRHCTYRIC 4 4iiableatpon whichle comamunieHtnAR cat i on

resour cesya4 e, gl t%%ﬁ a%@nﬁﬁn@'élB{se FI'h@ Infitfoh§TSind @Ji‘ eBﬁ‘ s d@r‘ir?%?wﬂﬁﬁ

al l ocated concurrently on nore than one carrier. erences

are showndatanms tﬁaxgnn@e(ﬁ‘:)t the inchdonle |sfay10n laed tuwengwhich areasurpmmtmh:eahad:hﬁyethe S
communi cat e he exa resource allocation in which two carriers are
avai | abl e“l?gﬂ ?‘éﬁestpS&EV nicate data upon any two adjacent tine slots.

The indicati OnfOO-EQ?R@sd\drééjéﬁl%hﬁdﬁs@?éin%@ bYURd RSO ﬁtbcat‘é@g@ sl'uﬁwﬂ fmansm tted
by the nobile station and during which neasurenents are made by the nobile
station, Fespebttpmaxymize the sum o downllnk time slots allocated to a single mobile station

given the constraint that resource allocations are not made on scparate 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,

61' performing a measurcment on an adjacent-cell signal.

[0040] In the exemplary implementation, the carrier/time slot combinations are

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

for available resources according to the following equation:

Nt Nr

MAX 23" Supsu e {01}

t=1 R=l
1 # x=0:1
St:u——{a Af r+1 -1 }

Where:

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

identify Wgﬁiﬂ&ﬁlﬁﬂﬂ&r@&h% ﬁnﬂ%ﬁ“&eﬁrte tion to get ready to transmt or
y

to receive, rtespectivelly, berore recelrving a subsequent burst,

transm t t iN3g: Masithaeausbdr oftingklots i@rallpesifoar m ng a neasurenent on an

adj acent-cell_signal. [0040] In the exenplary inplenentation, the

carri er/ t Ve Magimgp ppmhen ¢fdHE degks avajlapledpr simuifaneopprecgptininmpebae Mobi | e

Al l ocatiog{ﬁlﬂﬁix O fset) schene by "scavengi ng® for avail able resources
according to e followng equation: Nt Nr MAX: JJStRU, R u a {o,l} t=1 R=l

Ja = 1 A Is{=Radib rdsobdelofkihesdt 3t oRIRF Beck “REIfoemobile fecdiber Where: t =

ti mesl ot nunber 11 R = RF deck nunber (both transmt and receive) M
=Maxi mum pynbEtiligdtiohiofeigieslos “f’ pnd H st ROPehinitied Meoorditgrathehedction tilfe decks
avail abl e for sinmultaneous reception in nmobile termnal SCR = Radio
resour ce cdnstraimessBobleat)’ on RF deck "R' for nobile receiver ud? =

Lot o BT it Sl e e BSOS 070 1,11
al l ocation to nobile downlink (Bool ean)

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

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

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

[0044] Thereafter, and as indicated by the blocks 148 and 152, an allocation
message is generated and sent by a sending communication station to a receiving

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

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

ot her types: i i Lces [ ncr i . a-i ntensive,
the incr e%:lélg{cgt\?gi%&g%%j@ P@gi %‘g%ei%%t%&c%l |Soﬁé gglg%ﬁ?rﬁé@%%%lrgﬁﬁtgt s data to be
conmmuni cat@amumicetiepLktatkdnyto chatroltibaiperation penuana tbimanbli@bdiadatd OPekd]
Figure 3 illustrates a nethod flow di agram shown generally at 142,

r epr esent HeiNEaliy of 13i¢ RYFEBF operation of an enbodi ment of the present

i nvention by i &QHHHH' @ﬂ§§£] j jon
stations in a @%ﬁﬁtg?ggtlon éé é%% t g%ggﬁ%gf és rt%%%lle agﬁ ca?ion

i ndex of f datt serFicest immodeddsy inocthsing gt Ikelihdwel thil gredteriaddquntsoosfiruni cat i on
requirenents required for the. co ni cation the data are .anal yzed. The
el ys1 o PURURRE TS BEss G b SIS SNk SR RTe s PR | of
the dat ager|R04Rlcrchb@Bly @a’t‘éjirﬁénsi\ﬁ%@afaaéo%ﬁn&ﬁcétﬁ% sehRek adARiteCAIEWBCAt | on

resources are allocatéd across a plurality of radio carriers for the
comuni catdoad oft witkoud aptcealiigalelayesour ces are al | ocated such that for any

particul ar ti Fod. resources..are al l.ocated upo singl e ane.of the
o o carr i er sTOBBLARE peek GRS drEEPush T2 oL BRRTR BB Rt il 1% anc
152, an aldvestddd, and tHiFRSGHOE thSingemaintdhedldaivd néedaribybalimaed by this

conmmruni cation station to a receiving conmmunication station that identifies
al | ocat i oA&scEPtiom el oserpmpLthe PEsetdBmtien is dofingd bY thefellpwingchaiag. by t he

bl ock 154, the allocation nessage is used at the receiving conmunication
station to control its operation pursuant to comruni cation of data across
‘the plurality of radio carriers. [0045] The performance, neasured in terns
of data thruput rates of a high-speed data service is inproved by
increasing the likelihood that greater ampunts of conmunication resources
can be made available to effectuate a data conmunication
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service. Increasingly data-intensive data comuni cation services are better
able to be carried out without noticeable delay. [0046] The previous
descriptions are of preferred exanples for inplenenting the invention, and
t he scope of the invention should not necessarily be [imted by this
description. The scope of the present invention is defined by the foll ow ng
clainms. 13 What is clained is: 1. Apparatus (42) for a network part of an

EDGE, Enh [ GSM Evol ution, -capabl e communi cati on system (10)
t hat provi ﬂesq%%lhg%&gbeed comuni cati on service and that defines

comuni cati on 1or mAppiretnak4)dat a aetwioridpatt ofoduf BIRGE, BshahcepPain #6:10SSM
conprising: an anal yzer (54). adapted t ceive. an indicatjon of a

char actergg?lf"t}o%_fca{’ ecﬂé@?&%‘tcﬁté‘_frf)?yg%atgiﬁ%ﬂm L P€uant to the high
speed ConMmhinGatchith SBFiVe £ thifdHine AORhMARTaGR Yol BHObAT allRaRBRInGRE

communi cation requirenents required for communication of the data and to

det er m neofiest el appamtiscesiprising: manner that pernits dynamnic resource

all ocation; a resource allo or, (5 adapted. to receive an indication of
Che anal yoi s made. B Ul G sl osBravs SCpMRestarh 2 ShaPrerhh ST od 1 o
al | ocat e gms eht 605 bdRbnAMidafedpli@iark 18 thetigh §FBI benAuhReRd Qivitddgy of f sets
for comruni cation of the data, the resources allocated across a plurality

of nobi | eanalyzse senfisrediganalyrs cunmusigation tegvirdamtsrequirediior cpreRUBEation t hi n' a
time framgeqf glﬁﬁ y ??{? d El%ﬁgcla hgec(f%h ?%OHR: 0irfa SO a0 Bgmﬁts h%npéorg%lﬁce
sets, an or

al I ocation i ndex o an al'l-ocat ron nessage*gener ( adapt ed
to recei vellgatiomdi cati on of the allocation made by said resource

all ocator, said allocation messar&e generator configured tq generate an
al | ocation message P&SAYSCEPllagptar{etladaiedio meeivaga insljcalign of theawalysise

al | ocat or pmade by Qaﬁd%ﬂ%?ieeg}ééﬁ fefSure@ndthidl dll}% té‘d t%ia'ﬁ?éegje sbEeMidinedd ocat or

(56) is further ada to recelve an I n Ion o el ection of single
nmobi | e al teomabf dre moldexallocdtiondtdqxertisetsnfor remmonicatper eftthodatiy thevesaircdso
communi ¢ a%l?oc}ape% acéla(}sg a piur}a?litgz% gl%%ﬁg esa.llocation index offsets such that for any time

period, within a time frame, resources are allocated upon a single one of the mobile

allocation index offsets; and

an allocation message generator (58) adapted to receive an indication of
the allocation made by said resource allocator, said allocation message generator
configured to generate an allocation message identifying the allocation made by said

resource allocator.

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

the single mobile allocation index offset per time period operation.
3. The apparatus (42) of claim 4 wherein the network part (12) is operable to

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

by said allocation message generator (58) is sent to the mobile station.
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al l ocated by said resource allocator further responsive to the indication
of the selection of the single nobile allocation index offset per tine
period operation. 3. The apparatus (42) of claim4 wherein the network part
(12) is operable to comrunicate with a nobile station (14), and wherein
the allocation nessage generated by said allocation nessage generator (58)
is sent to the nobile station. 14 4. The apparatus (42) of claim1 wherein

the network papt (1 i i ¢ avi i (28)
operable at a %1 ur aﬁl‘f ng? ﬂg;éi@?ﬁ%%é@?%%@%g%é %‘Isgs%%/t\ﬂlg%{?%ge s@?ﬁﬁ%@%&?%e

al | ocat or raglid pathafsng Rdio SSHEULS ) operableat a phadly vbrad#2dandérs atrdkywHiciher ei n
said resource allocator (56) is  further configured to generate a radio
part cont Paf resautes ghogaty allgeatesthe rSAUICES-t he radio el ements (28) of the
radio part to control operation thereof. 6. The apparatus (42) of claimb5
wherein the radio part control nessage causes individual ones of the radio
el ements (28) BHo0 beThpeppmbdtes @) bfelsim dwherdn ged resdwrce aldscaesdfyds ng to tinme
peri ods durin ich the individyal ones of the radio carriers are

DF boat et et a Eepote A o R@eHspaial meStEsyT IPERATHO 189 MRSl n ¢ he
networ Kk pafeinehb 22 8)CH RS 1a3R5pat toRBEEDIANRMBh khdast) and wherein said resource
allocator (56) is further configured to generate a baseband part control
nmessage for application to the baseband part to control operation pursuant

to allocations_nade said r urce. alLl gcator. 8.. The apparatus (42) of
claim7 whereifi t heTB‘g@%%ﬁs @2?#@81@%8‘&‘%@g’ﬁd@dloé’ﬁﬁ§8%ﬁf}ﬁ%esﬁaag§eband par t
(24) to bearpemdbli®abbnds@dShe Mo RS (239 S0 6OSPLINONRIbarg dlingd peidds per i ods
during which communi cation _resources are allocated upon any of the

pl ural i t yceFesppadingtoctipe peiads dyringiwhighothe indieidyat gnes ¢frtheradishearacrs @gg i on
(14) oper Qﬁ&c%téd%f‘&nﬁ?ﬁbaﬁon‘znha”CEd Data for GSM Evol uti on, capable
comuni cati on system that provides a high speed communication service and
that defines nobile allocation index offset, said apparatus conprising: a

detector (82) confiqured to detect an allocation nessage delivered to the
(82) 7. %‘He apparatus (42) o% clagn 1 wherein the networ p%rt (12) comprises a

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

operation pursuant to allocations made by said resource allocator.

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

radio carriers.

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

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

plurality of mobile allocation index offsets, the resources allocated such that for any
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nobil e station, the allocation nessage identifying conmrunication resources
allocated to the nobile station pursuant to the comruni cation of the data,
the resources allocated the conmmunication station defined in ternms of
nobi l e all ocation index offsets across a plurality of nobile allocation

i ndex offsets, the resources allocated such that for any 15 particular tine
period within a tinme frane, resources are all ocated upon a single one of

the mobi | 6o BbU8PAhL 30N 4ROl {AEhanc g B UL LRlchl hFH) RAgARKEAt O

recei ve a 1 ONS e G TEntroll er

confi gur edletmotﬁmrﬁllbedtlo@ﬁﬁd@;tdffbﬁtspﬁnd he rmbl | e station respon5| ve to the
detecti ons nade by said det ector. he apparatus (78) of claim9 wherein
the nobile station 8&FRlkeS4 aﬂ@ﬂ%to rs@ﬁwe Heipdicationef dstestiapemade §156)

oper abl ¢ gid ot Widldohfolfl b e PR L BEPoARRRRS AU by CQRTHT C31 1 on

resources are | entl cation y said
det ect or . reésfionsfredo dppdeatatioss (&) byfaid deteorod 0 wherei n said control | er (84)
is further configured to generate a radio part control nessage for
application to the radio part to control operation thereof responsive to

al l ocations idegti f'rﬁ@'albﬂlrattﬂse(ﬁb bR 9WHERSS AR GnobiR: sta?ioH“éBHl%fGisEés]a"r%ﬁxof or

conmuni catin in a hi g spee conmuni cation service I N an Enhanced
Data f or &ing adioeicmentp §6f) epeahlen tteailimhitysafsadimctiniats acpcvsewlnté‘s for

nobi | e aIIocatlon i ndex of f set . et hod conpri si ng .t he er.ations of:
ool yei agtEaiaied e bt S Rt TR o o B Rt e bR AT §i e o - eq
for commugéteabs.on of data pursuant to the high speed communi cation

responsive to an indication of a characteristic of the data to determ ne
needed resources in a manner that permts dynam c resource all ocation;

al  ocating (14@ %5‘@)&1?&&%’@850?3%11 16%8%%&\{(??&?1'0 %8}12 ssfu e dur| ng

sai d operation of ana ources across a

al | ocat i ovorifipecd togkhaates, radibgartesntisloasssagd ﬁ)ﬁa}ﬁpﬂﬂzaﬁ@f mhe ﬁ1d|i1$ prarraiol ty of
nobil e all ocatll on i.ndex offsets, such, that, for adﬁ,y ggr cular tinme period,

r esour ces ! QPSTaan baregpripensiicig ialogtionyideptified ing AFPRESETRER | ndex

of fsets; and

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

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

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

generating (148) an allocation message identifying the allocation made

during said operation of allocating.
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generating (148) an allocation nessage identifying the allocation nade
during said operation of allocating. 16 13. The nethod (142) of claim 12
further conprising the operations of: sending (152) the allocation nessage
that identifies allocations nade during said operation of allocating from
the network part to a nobile station; and using (154) the allocation
nmessage at the nobile station to control operation thereof pursuant to

of 19015 al | ocatta dipt RyediPaRsfnde thftheabpBre MRt SedlondSfet od' (142)

of claim 13 wherei nse&ﬂir@ (OPEythE ammcibnbtﬁdsﬁ@eﬂﬂaw)ennﬁwmrobaﬁmsmbyl ng radio
part control nessages to radio elenents of the nobile station, the radio

part cont Aeingsidepssaticnnfallaeptivgdrom thsmesrotkmartia aimpbilr siiapisndo per i t

reception of the da &rgpﬁt resour ces

al l ocated during sg?ggglprggya elcagltﬁ)g% arp%%géé%\tﬁftrt\ﬁmﬁl% gncég%h%gol( 142) of

cl ai m 14 wberatbomihadebHp@twamn & cm‘mrhhmcait&ﬁmfrth@&tmess tHeipiundity af thobibder at i on
of allocatjn 146) are further ponsive to r tIOI’]tIrT'ES required of
oper at i on? %flé.% nd)saPBfe SeF ahipsdted dyFing e P@aﬁaa%afﬁ OC¥IL-The net hod (142) of
claim15 wherein the reaction tines conprise tine periods required of the

radio elenents to tune to a nobile allocation i ndex offset of the
plurality of mbhil eTat trw&mdi((bﬁZ)iqfathvimdBf\smrsin sdid. opé'ﬂaéomefhﬁing (1§4}2) of claim

15 wherein resources. aI cat d dur.ing sai eratl al | (146)

are furt hEPIPRER “oBlh s SRR Bt athe logBiS il

required gfe Iﬁﬂm'pﬁﬁ%bn@&%é%fsagééQalﬁb%g/@elfatﬁﬁrdf ﬂ@él@dior&erﬁ@ﬂé {cﬁpe‘éﬁlﬁt ton. 17
reception of the data communicated by way of the communication resources allocated

during said operation of allocating.

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

of operation of the radio elements of the radio part.

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

plurality of mobile allocation index offsets.
17.  The method (142) of claim 15 wherein resources allocated during said

operation of allocating (146) are further responsive to non-communication measurement

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