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Al t hough GSM systens originally provided voice
comuni cation services, GSM systens have evolved to

provi de data conmmuni cat KERYGE aS wel | . Standards
such as general packet ]%‘gg 0 service (GPRS) and

Fiebdhanced Data for d obal Evolution (EDGE) further

defi[é}ﬁ the protocols _for data co nication within GSM
basedDe Peraidnveriien mlatesgencrlly n gplinlargosymunipation sygems, and

o §Jet8Rall 88 ntmRid ﬁld%?‘ﬁhl%ﬁl%'fopﬁ'éﬁ%]@ﬂgemQRfl&&ﬁér and by

ot her nanes, comuni cate over channels i n the uplink
cemohunicetiolownl i nk directions. In order to increase

perfornmance, sone access termnals utilize receive

di versity techni ques where two or nore antennas are
Bugleshobiadr ecei ve signals transmitted on a single

channel . Due to differences between the antennas such

as, fdebabRusipmdor Mabidhrampauiiqation (GOM) celligar eppmmuitation
s D50 1o 0 3 R0 66105 I g o
aciegearhesf wké stati@fs. Ih@SMDsPRERsC Atinesofixheslots and radio blocks are
transmitted and received at the mobile station using time division multiplexing.
Although GSM systems originally provided voice communication services, GSM
systems have evolved to provide data communication services as well. Standards such
as general packet radio service (GPRS) and Enhanced Data for Global Evolution
(EDGE) further define the protocols for data communication within GSM based
systems. The access terminals, also sometimes referred to as mobile devices, portable
devices and by other names, communicate over channels in the uplink and the downlink
directions. In order to increase performance, some access terminals utilize receive
diversity techniques where two or more antennas are used to receive signals transmitted
on a single channel. Due to differences between the antennas such as, for example,
antenna position, at least some of the incoming signals can be received at a higher
quality. For example, due to multi-fading characteristics of the communication path,

multiple signals may destructively combine at one antenna and constructively combine

at another antenna. By using receive diversity, however, chances increase to receive a
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mul tiple signals may destructively conbine at one

antenna and constructively conbi ne at anot her antenna.
w®@000407965 r ecei ve di versity, however, chances PCVUSHS€012502

to receive ahigher quality signal. In sone receiver

diversity cases the signals hromnultiple antennas are

conbined to increase the signal quality. [0004] As GSM

stens,_evol ve to providing increased data and voice

@é Qadiky sigpad. mé@alefr%qel\ﬁaﬁmsa&ywaﬁsdhwg@%ﬁfrewae tiple
aﬁt@ﬂa@%?@éomﬁlﬂe@towér%segﬁé $i uni cation system

signals are transmtte I pl e channel s at

di ff élsé}BMcsasteme evcflmetmﬂnmldeg 1nd'1besedeiaai andrvoice services, the need

si,mul t aneou receives. the tiple channels throu
O PRRSID 2t ahircadhi WFW@S%m# i Pp SRS GHhon bystem,
s@ﬁzﬂgﬂe‘?ﬁﬁsnﬁ%@ﬁﬁmg' Iﬁlﬁlﬁble%}ﬂﬁﬁrﬁﬂ%sat%f&@ﬁt daRGdrYfRudncies. The
nmet hod for utilizing E@e antennas for diversity
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[0006] One enbodinment is a transmitter configured to
in 3 pglRieecess E¥ERhe to an access terminal instructing

t he t .
whor areeare R ed (8, MR ALRSE RN R KB Y IR i
conuuhegtiorene UM enshmgtdionaystesr si gnal transmtted

at a single carrier frequency and a nulti-carrier node
where a first antenna nodule of the plurality antenna
nodul es receives a first SuIMiARS i er signal

transmtted at a first carrier frequency and a second
antenna nodul e receives a second multi-carrier signals

tran t ?Pg;d%ﬂen?l oF ‘frgg&u?tg %ongrg%l;erde t%ﬁarﬁéﬁ{c 94 %gg)sage to an access

Anot

tegi@fmal MS&atmng’lthe Iaébe@s ce@mmn t&ﬁﬁlkm&wsérﬁﬂﬁivbfﬁty@édéoﬂhere each
conprising transnmtting a nessage to an access ) )
anteRy ﬁlg}du‘%ﬁfr it Reteare aneduley FpGeayest & single cparrier signal
trRE taa g1'n§ el Aol f%gggqcyh%ﬁea ﬁﬂﬁﬁca@ﬁé@ﬂB@? Wﬂgllél efn%t antenna
anp ura Ity antenna ul és recelves a single carri
medglealf the p}msahty m&telmai maddengeivesas fire lmlﬂti@qnmn e;gnamlaramnted
| -carr ere 8Iaf| r st agtenna nodul e

atp% o BRLFRSF ARG bt 619080 Apeany O aHPEies & second multcarie

1§ trafedhiftb@ht SdeBBR carfieTaigubAgd at a first carrier
requency and a second antenna nodul e receives a

secofdothg t ¢mbedimertr isi gneiethotr fors mhantagihgatcommewdentigns in a
cSifhth&he S S Cohe method comprising transmitting a message to an access

terminal instructing the access terminal to switch between a diversity mode where each
antenna module of a plurality antenna modules receives a single carrier signal
transmitted at a single carrier frequency and a multi-carrier mode where a first antenna
module of the plurality antenna modules receives a first multi-carrier signal transmitted
at a first carrier frequency and a second antenna module receives a second multi-carrier
signals transmitted at a second carrier frequency.

Yet another embodiment is an access terminal in a wireless communication
system, the access terminal configured to respond to a message, the message instructing
the access terminal to switch between a diversity mode where each antenna module of a

plurality antenna modules receives a single carrier signal transmitted at a single carrier
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[ 0008] Yet another enbodinent is an access termnal in

a wWreless communi cati on system the access term nal
w@obilgesed to respond to a nessage, the nmessap@er/us2006/012502

instructing the access termnal to switch between a

di versity node where each angenna nodul e of a

plurality antenna nodul es recei ves a single carrier

s aI transmtted. at a . si rrierfrequency and
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multi-carrier signal transmtted ? a first carrier
frequeggenand aneecand esdenhaantodnisa raveiet ea rsecaidv @sulé-carrier signals
US%FOH;dQHig' (ﬁrrler signals transmtted at a second
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[0009] FIG 1 is a block diagramof an access term nal

communi cating with a base station in accordance with

t he exenpl ar PRAEBIUESERIPBIONKQAF Tille DRAWINGD10] FI G

2 is a block diagram of signaling nessages exchanged

bet ween the GSM network and the access termnal in

accoFHaricie adilodk dileraexdmplaacegs emnadi H@rﬁfnun[c@ﬂﬂé-htﬂa@ase

3.is.a blaock diagramof a capabllltles nmessage in
St eTbinhsRedange K e CESBRINATPLUTERY Hehe lnva] FIG

4 is a block diagramof a nulti-carrier switch command

nmessage in accordance with the exenpl ary enbodi nent.

[ OOlE]G F iga thodksdiagrbingd lsi gnling massafescexiBdlged baivteeh the GSM

B TP SSR8E e PR AGR A EER e

pf rranagl ng nulti-carrier comunication in a wreless
conmuni cation systemin accordance with the exenpl ar
embobl Cirénlfs a bigckdipgramof s crpabiligy Mpepeass) in ppegrdance svith the

’@”3%(‘4 @f a GSM comuni cation system 100 in

ac ance WI trh the exenpl ary errbodl ment of the

i nvention. The word " exenpl ary" is used herein to mean
| or illustration.

er as an_exa i nst.ance,
3 Elebokis rreGUSERmBEa MO R cas ek ERBTRg message n

a&Bﬁfaﬁé@&/ﬁh theSexBRipI PP ERDEGNIhY 0 be construed as
preferred or advgnt ageous over other enbodi ments. The

various functions and operations of the bl ocks

ool ElEn 4 I RRROG R TDED Lo Hbe o RRd ez acsordance

wﬁhmmpl&y@n@bdimg of the functional bl ocks may be
integrated 1n a single device and the functions

descri bed as perforned in any single
FIG. 6 is a flow chart of a method pf managing multi-carrier communication in a

wireless communication system in accordance with the exemplary embodiment.
DETAILED DESCRIPTION

FIG. 1 is a block diagram of a GSM communication system 100 in accordance
with the exemplary embodiment of the invention. The word “exemplary” is used herein
to mean “serving as an example, instance, or illustration.” Any embodiment described
herein as “exemplary”, therefore, is not necessarily to be construed as preferred or
advantageous over other embodiments. The various functions and operations of the

blocks described with reference to the GSM system 100 may be implemented in any
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devi ce may be inplenmented over several devices in sone
ci rcunstances. Al though the GSM system 100 i ncl udes

w0 e@bom®ey nessages and ot her aspects current | BCT/US2006/012502
undefined by GSM EDGE Radi o Access Network (GERAN)
standards, the GSM system 10Q ot herw se operates in
accordance wi th GERAN communi cation techni ques in the

exenpl ary enbodi ment. Accordingly, the exenpl arg
nunbrs Of devieespeisstigesr demenisnpyeoohoey teimedonah blocks may be
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dSQdETIAY Baimpglomseed be@etaraladepioas &l $dnme cfcuaneasss. Although the
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GSM hetwork 114 includes a plurality of base stations
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network 114 inclu transmtters for transmtting
tevios,desludtadevian dudh gn&driengmplessdigés phonashad addess personal

e GR DR e AaS o Tel R A PineS A guE Bt Bias ylipns
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“transmtted by one or nore base stations 104 in the
infieMryasergoddtabpses, an@backbayly Bl GYMangtwedi Uik manages raseliges by

an._ ant .120 .

oSO PR AR e ol oAU R R 10 comeo
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with nult Irf’Eﬂl e antennas 106 An access terni I

! s 108. na
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| e . r .
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carrier f[eﬂyﬁﬂfy to receive nmultiple versions of a
Sauing :
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Signals transmitted by one or more base stations 104 in the GSM network 114
are received by a receiver 116 through an antenna system 120 where the antenna system
120 includes at least one antenna 106, 108. One or more access terminals 102 may
include antenna systems 102 with multiple antennas 106, 108. An access terminal 102
with multiple antennas 106, 108 may utilize receive diversity techniques to improve
receiver performance. During receive diversity operation, multiple antennas 106, 108
are tuned to the same carrier frequency to receive multiple versions of a transmitted
signal. Performance is improved where additional information is obtained from signals
received through an additional antenna or from a combination of signals received from

more than one antenna 106, 108. In some circumstances, the carrier frequency for the
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signal . Performance is inproved where additiona
information is obtained from signals received through
w@pooadaioss onal antenna or from a conbi nati on oPCHUMVA/E12502
received fromnore than one antenna 106, 108. In sone
circunstances, the carrier frequency for thereceived
signal may change over the course of a transm ssi on

Such a S|tuat| on occurs where frequency hopping
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frequency rough one o e ant ennas
Fertlewitie seogivat 2A2LR capabde eﬁreoadm(garﬂmmgﬁaﬂ & bt enechirs( E2ier

t hrou other ant enna 108. 20 e.co ol |l er

A ie R (RSB Pl B SE TRt G & Sl iarial KeptGroecond
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hereln as well as facilitating the overal
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singl e processor, m croprocessor, processor
combination of circuitry, electrical devices, memory and processing devices where the
processing devices may include a single processor, microprocessor, processor
arrangement, or logical gates. At least portions of the controller 118 may be
implemented using discrete components, as part of integrated circuit, or as part of an
application specific integrated circuit (ASIC). In the exemplary embodiment, software
and firmware running on a processor perform the control functions described herein.

Based on instructions received from the GSM network 114, the controller 116 generates

control signals to configure the receiver 116. In addition to configuring hardware and
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arrangement, or |ogical gates. At |east portions of
the controller 118 may be inplenmented using discrete
W@ ovpomes s, as part of integrated circuit, orPEFUSEING012502
of an application specific integrated circuit (ASIC).
In the exenplary enbodi nent, gsoftware and firnware
running on a processor performthe control functions
descri bed herein. Based on instructions received from
invRkingSIin dhagenicoliqul 18 geacrainsresprnes adknevirdeemanie gnd request
I 16. In
m%%%%% in a% c%ﬁﬁlcé wifh (58 ﬁidtﬁ%bﬁ gf SSRGS kt\él%k 10’

confirguri war e andi I ng code, the
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digprsith enaders 8yl ﬁwcm%gurﬁmi T4SRORYAC @ Rutpiicarripr switch

cSARAH Hﬁ%}%@e HESW@& ﬁ% hE eI @{wc;r?a 14 q hQ2sd @rhd8l switches to

receive ersity nn as a e aul't “con |gurat|on I'n
theempiﬁmamdrmcaienﬂlh& atoccsasrtcmm'nalsﬂmtctabs mmm raeg wadjgersity mode

.receive M net rk 114 the S i nal

URREHEE 4 BRI SR FoB R dresitgaecotipd 150t du oS hdtiork

11€"Whéiethe Wit cheRr PRk sdnhbfd fesRkY R 8taRIdS tHeYact@E Erminal
in response to a RXDIV switch conmand nessage recei ved

107 generdies toSRPRTEPTWe Roto) sigppks ane genfrgiires the zgceiver 116 to receive
a l\é\értisn&ﬁgfﬂ%% gqll‘&% ehﬁerfcgcﬁﬁllo\ﬂ fﬂgt a%‘l?@ 33102 Iaré% gﬂ rgcelve

genera ri ate con
a asvdbnd @i’ghhlgll&% atsém)nd eafiey élreqﬂélrﬁytthrongc thie\secandfantesina 108. In the

irst.carrjer frequency throu
e)fqn?@ﬁrym © EaVEBINCRIEs § EcsVERRBATh <9 9}?3 fojeach

atbnifh RRC @Walwlﬁ% @ﬁchffé@éib@rlﬁ%cm& BHAheli A a SEEROM carrier
antenna 108. I n The exenplary enbodi nent, the receiver

frequsingdesn axarnaﬁ@of/@ sultabbrmhem@rhﬁsmbeucludﬁsemc lor memrs for

re ey e BRRPERTS Pt ity desfe L BagrdgiaRey oo
b@ébirﬁhi}enﬁ)ﬁﬁg?th\é SicoiAg §1Ignamlkwﬁe§p;96@1m miEhE siZhXETEe

for frequency shifting the incomng signal to the

frgqusney shiftad sigpalds rdief pgessed yn%demfeﬂ%g(bbfaﬁ@ebgﬁcelver 116
c&ﬂaé&ﬂéﬁts ﬁhnso rc%hﬂﬁtaﬁb&” cp‘é}%&hve%r ur@h&a Fl&ts g

equency sh signal 1S
adidinee sseanandfillassikiitdbe chubyplekdreiver BraachegrEdchGeceiver branch
conponents In SOﬂE CIfCUﬁBHHPCGS eac recei ver

isPSHORRVEE] Conol sigmals fq s an eau@zﬁwﬁring the
rdck VE%EV%IS?@E}BS& B B3l e B ch&CHE YEled 6 HaGhRR fre'czlﬁ&{zcy allowing

recei ver branch is responsive to control signals
rrtullnrde sersions| pﬁaslegle cnal torbefreeivesh OyrinPthe mgltltchamer mode at

recei ve di ver.si de, .the.r iv r bra ches ar.e
Lea5} 0 O {16 e ot P Py VS 18 FTEERRF R Gt Eierveaicy e ogg other
reREiver Brialel. A cebnlly, ke ReeivECEIGVE dapa@léfdfﬁﬂmh@ €hultiple receiver
multi-carrier node at | east one of the recelver

branghestie 8 singla earéer frequenayrdvwiagithereeeive diversiy weaseand farng the
re%gﬁlep&laﬁéhes to different carrier frequencies during the multi-carrier mode in
response to the controller. Other techniques may be used in the receiver 116 in some
circumstances to facilitate the multi-carrier and diversity capabilities. Although the
description herein is limited to two antennas and two carriers, the discussion can be
applied to any configuration including m diversity branches and n carriers where n < m.

FIG. 2 is a block diagram of signaling messages 202-212 exchanged between the
GSM network 114 and the access terminal 102 in accordance with the exemplary

embodiment. The signaling messages 202 -212 may be incorporated into conventional
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recei ver branch. Accordingly, the receiver 116 is
capabl e of tuning nmultiple receiver branches to a
waewgheroearri er frequency during the recei ve dP@BDS100§012502
node and tuning the receiver branches to different
carrier frequencies during the nulti-carrier node in
response to the controller. Qher techniques nay be
used in the receiver 116 in sone circunstances to
sigrading 'meames h‘el‘l‘fmtﬂl}’tdefi@%d i GERANUSpgrifisptéensypr may be implemented
as a%H%t 8?:11 1%‘168%?%\6 tQ eﬁlgéﬁ\gsﬁ)ggi?l\?\gﬁ%gtr\{d%ge E&‘El {:ﬁsnof tBe messages
200 BIOUSSY B uﬁﬁembﬁte& pPér raaltible coayetpnhl Getading amessages and where
i ncluding mdiversity branches and n carrlers where n
twiy Or[ragre ZpesEages 202242 Bagy b dRPIEsg e single RgpsaRe
nes AVee &Hﬁk
d%?%§§§%9§§§}%g§ﬁ?ﬁ%ﬁg?gaﬁﬁn ac@gﬁggﬁgg%%ﬁﬁﬁ t edéﬂ]ﬂtOf
the xeiiplcamier endoxeive diverstiyeapatghitds afgn messa pesin@ 202. 7hg GSM

he .i.nc ted i nt.o conventi onal sj.gn n
neB il B RE oS M s SR ve SR Brtilies pf an
addB¥% t&%nhmlo@meﬁe gzeddeintinANBhdBESABRSet Mebdage GERAN
speci fications where portions of the nessages 202-212

infhggtingatilegst eaneede @V@rsltmmd mpltecageneapabibies of the access

595 150 SRR S 2V fosbBeh oA IESORRSF wiy
reforeran te Fe@pd.ary enbodi ment, the GSM netvvork 214 is

i nformed by default of the nulgl-carr and rece|Vﬁ
di vel b gecessdamminglihag RXJPIVaearabilitiss apdpltihearriarpapabyfities, the
t r
G S e Qg (P LR S @ etween
tht RXWPE motlh end theasdtitcarmivr maddes Eheldeterntiagtani tbiswitels may be

nessage 204 indicatin east the r
ARG OARY L ReaPP LS A foF Bomhe e it s hount
of [ GaPRA1 be fcc8FedBy §RALCAD forinSnAEHE hirldBe dfbtted hE4BY access
detail below with reference to FIG 3. [0024] If the
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aqcaatémnéh}eﬁwggh fﬁomthei%eﬁmeéhveaw mget t© the AvR-gRuser porde.
QBf ?gulﬂﬁfeamﬁﬁaéan‘ﬁ%r s'wﬂ@ﬁ cbRGEIY 086 YIRS 2 355BESition of a
n1na nunber of er nearby access term nal s,
nﬂsadage inadocesrdahceoviiie theaGERAN specifiicatadnssuch IaeP@ca\:p‘aDDthnles
of. other_a rginal.s in the.area, or any other
ASuSiRpRa s Bh Ereierie. ot SOV AfseSf000k) “The. GoM
tnet M‘“ff?r kab@feﬁh tegmehalhdebssEaly dodipl&téd the Rwaeiiitredd Ger
0 instruc e

diversity mode to the multi-carrier mode, the access terminal may transmit a switch

1=

acknowledgment message 208 indicating the switch was successful. An example of a
suitable acknowledgment message 208 includes a message in accordance with the
existing GERAN specification such as the Packet Downlink Acknowledgement
message. In some circumstances, no acknowledgement is sent.

When the GSM network determines that the access terminal should be returned
to receive diversity mode, the GSM network transmits a RXDIV switch command 210.

An example of a suitable RXDIV switch command 206 includes a modification or an
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[0029]

[0030]

[0031]

access termnal to switch fromthe receive diversity
node to the nulti-carrier node. An exanple of a
w@iobawioes mul ti-carrier switch conmand 206 i ncP@m©S2086/012502
nodi fication of a nessage in accordance with the GERAN
speci fication such as Packet gDownl i nk Assi gnnent,
Packet Tineslot Reconfigure, or simlar nessages
[0026] After the access term nal successfully
exigRsiPEelcsmessage i) aceprdppcenvitie Bisioxisting ﬁE&&Ntsw%@Péwp guch as
%(H{%t B‘d%hnmﬁ& E v\fﬂg‘b‘%@% éo&f géé%%gﬂml messages
i ndi Tht hevgsd ﬂaﬁnﬁml majn tmsmew&slsﬁa}dnowkrdgemaimh&sﬂge 2512

sui t.abl e ackno d nt nmessage 208 includes a nessag
indiraipg 8}3&?}?@&1&% otk Fie I%%flsﬂ@rf?fa PQARARI I FEES1Y ELYETSHH mbde was
s&%&é@fvﬁsln BReRAckFk BN Mné%e%%&‘ég@&% g&pt nmessage.

I'n sone circunstances, no ackno genment is sent.
[ 002FIG \&his ledkd1®Mr1ﬁ tavwapdbilikitsenessage20dhinacedndange oethghe

ter naI u turned to.receive diversity de
SRt & shENrE kb So& RemteliamiRe.
ca&ﬁbﬁ%@ﬁrﬁie@sa@é 264 sidiidatiak e MBIV sMét B r@ébﬁﬁ@dldergi@ﬁcapablhtles
includes a nodification or anextension of a nessage in

The eanabities meptage 2A¢ mayiinglpdrye RERAN iggiseior Pehendn n&ll}bﬁamer
R0 DRl S5 RO CoBl T RSk 04 rtucs

oﬁeebM'RinbIVimyhctifoa 26Brahd a osenbit atulidcimiend netganrsot amﬁag ether

R O BB ot i s A B aS U LT SRLREL, in he
g}f&?mgl nfHIRhENCLSing 1@%@5&6&@4 RHSREEAL at&sSRBhinal %%gaewe

i s block’ dlagran1of a capabilities nessage 2
diversity copabality enditsingldbit axdenatsis avlyﬁtl@nﬂwcacm termagal has multl—

expl ain above, the cess .ter trans
B SRR TE L e LSS EARRR SRR AR ol Rl SpPplegys o
c@i\@yhedisbond iffoviahsdd. Am@@a%; dftd RgablERepbaAReRirhdstd @204
message 204 may include a DIV indicator 302 and a

mﬂndtes 2 gpssagein amr@e@t:@r’vltis@hp MSrRadie Assesiplappiilities message
o 2 q:gfs %ﬁ%ﬁéﬁ?l\;@ of ﬁﬂl@? 't(]) fh% 6@381?1%8%% ggr?\{egl QI% %Vaand multi-

I ndi ca a one
ciiket ¢capabilitiee n kowle catwanst@dds, anlyebhe Bis nmlthezlimer indicator 304 is

rs 6.descri bing the other capabili t f )
Wﬂ@ i §3P%1m%apessw 41 YR the symBien A bl?e terminals

cEIBRAFTENL - caftict aROAISo Bhlick Al @El@%fw@iﬂﬂﬁ‘f the access
term nal has receive dlver3|ty capability and a single

bi t FHdi €ataddockhdingram thenal@e@svsertswmh pamnizad message 206 in

ot bdni 81t e SRR A teitindy o PR TR O comtfand

nifhick ROG al lehdd fnﬁihf@% iaf mnstpﬁatuﬁmaﬁhﬁg eHat theiebdsa drinal should
capabi|ities nessage 204
switch to the multi-carrier mode. In the exemplary embodiment, the multi-carrier switch

command message 206 includes a multi-carrier switch indicator 402, a multi-carrier
channel indicator 404 and other commands related to the timeslot configurations of the
multiple carriers to which the terminal is assigned. An example of such a command
includes a modification or extension of a message in accordance with the existing
GERAN specification such as the Packet Downlink Assignment message or the Packet
Timeslot Reconfigure message, or similar messages.

FIG. 5 is a block diagram of a RXDIV switch command message 210 in

accordance with the exemplary embodiment. The RXDIV switch command message



i ncludes a nessage in accordance with the M5 Radio
Access Capabilities nessage where bits are received or

w@dwedomes t he current format to convey the RXDPOA/ESIH06/012502

[0032]

[0033]

[0034]

[0035]

multicarrier capabilities. In sone circunstances, only

a one bit nulti-carrier indigator 304 is included in

the capabilities nessage 204, with the assunption that

all nobile term nals capable of nulti-carrier are_also
21 O Ipast nclndes prBisugiionmngictng fhabthgjacegsgsterainad skowdd switch to

| [ 0

B s b T R B b0 RS R Ao mmand
niesdaipe 2 t@inciveles s RXIBHV ewitthaindica®s S e siifie asrrieedsinnel indicator

Db frd S5 AR SHAEERD £ HREIGhI R4S Troriasle ppier o
whit® tﬁ@f?e%iﬁ( % a%é’f%% ')@f’é)@an‘%)ﬁheoﬂ'ﬁ%ﬁ borhahd flchiids ta‘ilibdlflcatlon

command nmessage 206 includés a nulti-carrier swtch
of erdersanoet Mgssage imactdrdemaerwithy thc leaisting GERAN apenifich@ion such as

AR o S RaRSHEpIeG: A e PE B AP It RoceRigig messase.

of GfriilaPRlesdaSesdTHE GNERE cafierekadfiel fd@fatcy 508 iddi€AEaMB dingle
includes a nodification or extension of a nessage in

chanaek hainwidl e usad fordrasemiiing & STERINDS gersst feg@inedn such
t .
25 i B0 TR oy POUBL USSR TR 20 Bl inications n o

mmag@ﬁmuﬁﬁﬁkﬁd syEteﬁl inbaccerdandel weitlk thedieagmaharypémbodRixiBhMof the

swi tch nd age .210 .in accordapce wt
BT 4P B¢ Dorf EICEREIG SGR PR TG b e, software

awélsﬁﬂﬁ%é@ Rlthd 8AsH llafjférﬁiﬂﬁﬁn&ﬁ thd@bthe@ id Srdrel ¢ b Bske

that the access term nal should switch to the receive
st@tiom olsmthsr nebderk entityt Hyt wx@mhaﬁﬁl\@nﬁm&rhrbm AlﬁlhengthImﬁthod
0 |n ude

iSRRI AR At Rk RHERR Do HEimA R i Haggypnoousty

paifisknHAITeF arS ONTHEN Sf h&edd REMinAlst1DE chmfRsliAting within the GSM
conflguratlons of the single carrier to which the

K- is assigned. An exanple of such conmand

I . .
accof d3aB 807 H bR, 104 R ER Rt e BERARENS,
imBcadting aPBaét glic Posine divershyand mudticamies sggdiloies bhthe access

Pack t Jineslot Reconfigure nmessage, or simlar
The single carrier channel indicator 504

i ndi %@fsfé. cohst &l RHrRicRBRRSher s ccids! ténﬂ}ﬁalqw?lag ﬁ{u]ltl-camer

transmtting signals to the access term nal
ciaBilit®s.i 1§ the actowtahanal 162 daeset hade mahlagamgr capabilities, the

carrier co nicatjons in a wre
s B L T AeeLar s s o PRt g pytnos
peIthedtitieRb 606. Oiher/isy,ahd mdthod Th&inRE hode1®808. be
performed using any combi nati on of har dwar e, software

At step 608, it 1s detérmined whether the access terminal 102 should be switched
to the multi-carrier mode. As discussed above, the access terminal 102 defaults to the
receive diversity mode in the exemplary embodiment and therefore is only switched to
multi-carrier mode as determined by the GSM network 114. The decision may be based
on any number of factors and depends on the particular implementation of the GSM
system and system capabilities. The determination to switch may be based on any of
several factors such as, for example, available bandwidth, the amount of data that will

be received by the access terminal 102, the number of other nearby access terminals

(102), data rates of other access terminals (102), the capabilities of other access
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[0037]

[0038]

[0039]

[0040]

[0041]

and/or firmvare. In the exenplary enbodi nent the

nmethod is perforned in a base station or other network
wW@niost1§79804 Wit hin the GSM network 114. Al t houpdir/Ukm®06/012502

met hod is discussed with reference to a single access

termnal 102, the nmethod is,gi nul taneously perforned

for any nunber of access termnals 102 conmuni cati ng

within the GSM network 114. [0033] At step 602, the o
terhrsals 104) incthe 2624, oreanwiotless redsen deppradinigi ani nesw prkedgagithme4f it is

brsces 6103)irshe 304, oy en degsaii i s R ey
celgipined Lt reciecesgaminatr RS o et SL Bt ivapiny o

REPAF] thSnetioRre £ thé biep $08 83 &dntinde thonhetifesystdne If it is
acceSs termnal 102 has nulti-carrier capabiljties. If

detelmingd dleas $het aseedsrierming 2 0d skeuld be swackedQIths MEki-¢arger mode,
thclg‘?ﬁ‘i%i i tti.ﬁeus agsr%g ti-carrier nmanagenent for the

ep gﬁf”& G2 8L4P e i nal 102 ends and the net hod

pr ocaeds 610, tleahulbQfrriddshercivcsmmant eneserzh @06 ¢omarismits to the

at step 608. [0035] At st e% 3,08, it is deter m‘%‘ﬁ%uc d
acqgse faveinal Aa2.Jp dessexepul 3Ry SEIDodBEnt BRIy thEAE R § yman

tg iy ' 4. the access

m%sg%%%6 i ?glgsli'lg{et?&a B?tg denshRtef it 5384 ARAVS4,

nal s to the receive diversity node in
t he Ataeemb i, thearwbiot iankenmiwladgingrit 808 insssnge &s iea¢iyed from the

swi tched .t lti-carrier nod s determin
ST B BN g 8 s A B rcge
2084 RRE VA tHraedtd fecaiNer MQREPALS seifioh N4 PRifetbastibtation 104 engages
i mpl ementation of the GSM system and sﬁylst em

in @apladrismissiaasor reypdutine: repeAdaE if gie acknewlet gamenh estres 08 ds not
regerllvgcry of several factors such as, for exanple,

avai T abl e bandw dth, the anmount of data that will be

r eceAvgeb b, itfie daenrinsd wWhetientlk at@2s tefinnah U@ shroudd be switched

ot her nearby access termnals (10 data.rates of .
toShh#plg SRS ICEIVRT dapsity ift?%y H&h?e&%%%wﬁh {lgegggmines the
ac%ég%mﬁ%ﬁ %ﬁoch.gﬁ s RatRe dtd RADIV nlddE f@ fhcief re@tYceOdlIvRAtion or

reason depending on network algorithms. If it is
otHatreasvhs)ebk tmhthibd tchetimes essep €1qiQthérwig2thshaather regyras 9 step

in the.recei ve diversi DIV), the nethod returns
614 CQ?%‘BEGE%‘“{(’S‘“@&E‘? ?yr?B%n @i t?)/)ri ng system If it is

det eAm';tg;? 814, i RKDIVAKERE Tohi i Midssabe 216 howthkntitted to the
switched to the nulti-carrier node, the nethod

accesstiemmingl. As discessedaive] o RS{DIY switdpcaampand pgssage 210

1 lg%slsz}ﬁgiﬁ %lqea :gjg{noe§ %&n‘h@l 1%8{5%? %E'fhst%? ggﬂ‘%&g{%értﬂ%ogiment.

€ access termna
exenpt ey 6 esrhasiinhntikndwiedganent messape 212 smidatihg tontiesevitch

nmessage_ 206 is transmitted %\/ a.transmtter in tlhe .
1versity mode was successful 1s received.

frpmdbe Muli-cyFenpgde to the receive
The base station 104 engages in a retransmission or resolution procedure if the
acknowledgement message 208 is not received. The method then returns to step 608 to
monitor the system to determine is the access terminal 102 should be switched to the
multi-carrier mode. In some circumstances, acknowledgment messages may not be
used.

Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For

example, data, instructions, commands, information, signals, bits, symbols, and chips

that may be referenced throughout the above description may be represented by
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[0037] At step 612, the switch acknow edgnent 208

nmessage is received fromthe access termnal. In the
wez@ipdasy enbodi ment, the switch acknow edgneP€T/US2006/012502

nmessage 208 is received through a receiver in the base

station 104. The base station 104 engages in a

retransm ssion or resolution procedure if the

acknow edgenment message 208 is not received. [0038] At
vadtages, eumentas,telchom@g@tm wesgsvibegnete fields oapasisles taptiglfiglds or

should o the single carrier receiver

paaﬁ@%sr,gﬁa?,y ma t?%%o M network 114 determ nes the

acc eBigosk of ﬁhﬂaifmﬂ(ﬁl authdr Bisprecritt eiied thet wnrickblINMstraxihe: 1bgical
efficient resource allocation or other reasans, qswg
blagishmgdulsmtGiishiss 2ad algprhngaieps Esprabes 18 conpacHopy

er P B RREPhi ) GO ORI MO A 5L Gifputer
sofitssa Qe célﬂanaeomsr alreth. t Tedetdy tllustrate tlds sterehanigaathilityAsf
di, scuss the RXDIV switch co d ness .21
A 4B S e A IS TGS Cehef DGk PORB R, G and
@ﬁgqm% BEoh &¥BOSHIMRYe gé&%gr] inAérnfstFRhSA BincRordfitsh. CWhether such

acknow edgenent nessage 212 indicating that the switch
fuhetgonalibyeis muppleimepgadras élﬂIdY@d%C’ft witwee densatls/epan the paiticylar

apg)tl):lcz?tlon and ciégcggZ?leH‘euﬂtg 1 ﬁ? %8&1 N0 ﬂie cygfal s%lﬁﬁms tﬁ&h ﬁ?ﬂelga may

ages ransm ssi on or reso proce

mﬁﬂl@n&ﬁkﬁ@d&s@ﬂ@@iﬁﬁbﬁdﬁﬁ@ﬂg&a@@ﬁg waysiok eﬁ@qmrmmﬂiar appBcation,
net hod then returns to step 608 to nonitor the system
bt suelbiepinRrfen derisions Beuldngt he InHERS aSicataiee plpartire from

thé‘é&c%n%flﬁ‘%hégrgééh%lﬂvéhﬁé carrier node. In sone

ci rcunst ances, ack nova edgnent nessages may not be
usedTh¢ 0@k iMsaeevologekl lbleksn mOHelesorandwuuums described in

under st and .t hat. i.nfor t| on [
CRTE T Do S RS B By Tt R TgRgie or performed
witB @RRRLADHEPoRHodBE N digh8l sidtll pR¥8$¥RF @SMadapplication

i nstructions, commands, information, signals, bits,

sr@ym@otgt@gram&hclmitpﬂésl(ﬁh@ figl prograpmunable gate drrey, (Eﬂ%b@n other
p1o gfafn‘glﬁ%ﬁg lo e%(le:C r‘}l(p cregza%at«p &t treﬁr@fs?o%q%g ddl&%éltg :h W r

cdaapdreaitseor ar@fﬂio!rrﬂ)@ﬂlatﬂ‘oh eheisofesigaed 1loqieei$>rm®llie ﬁllﬁytlons described
conbi nation thereof. [0042] Those of skill woul d

herginy He BCHY MEBIOSE BIACRHOT IR DG 3MGIRPIeessesiuhin (g alternative, the
pxlgggésf'}f"%‘ gb@ GKS colRAHBS pro%éi&u 'cBﬁtéol O R8I &t§£§

SCri I nconnection wt odi ment's di scl osed
miaeliiee. nArmycdssormmA asehd ielasersédat @ combindtamdafarosputing
deVlCr:gé e. g a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to

the processor such the processor can read information from, and write information to,

the storage medium. In the alternative, the storage medium may be integral to the



software, or conbinations of both. To clearly

illustrate this interchangeability of hardware and
w@ofobmendey various illustrative conponents, blPCRES2006/012502

nodul es, circuits, and steps have been descri bed above

generally in terns of their fyunctionality. Wether

such functionality is inplenmented as hardware or

sof twar e depends upon the particul ar application and
proesssein Thsrmesessortandthppdierase adivpemey sgsidd ingp s The ASIC

killed i sans. i ' .
o Rt A G D gESEE B st i

mayp pdsi deasidideretd bdbmportsi ifalBeEBingibhlon deci si ons shoul d
not be interpreted as causing a departure fromithe
[0045]  scopéhoprevinys gesssigtion phife dischiicd probodimentsds prgvidstido enable any
LR 08 BBk BLSE R p IR St 0 Vi s
thheer eniodimynts evill ivp ety tapphremt tp éhrdseskilldd wi thh agt, gehtbe geéneric

I. poSs rqcessor, digital signal process P) ..
ot B fotBiet e i e bt o gRist Baroefines v eyt pbitne from
thbisBirfl oP 5 IMBROK ferlidh © TRNS, A frERainvehti® R0t intended to be
programmabl e | ogi ¢ device, discrete gate or transistor

limggd to the iegbodinecriishowarhsraio hpds énbeaccgrdedithe widest scope
SRR RIHAR. Lhsksel feSh ARt RETf@RMELRE functions
escri be ef el n. general  purpose processor may be a

m croprocessor, but in the alternative, the processor
may be any conventional processor, controller,
m crocontroller, or state machi ne. A processor may
al so be inplenmented as a conbi nati on of conputing
devices, e.g., a conbination of a DSP and a
m croprocessor, a plurality of m croprocessors, one or
nore m croprocessors in conjunction wwth a DSP core,
or any other such configuration. [0044] The steps of a
nmet hod or al gorithm described in connection with the
enbodi nents di scl osed herein may be enbodi ed directly
in hardware, in a software nodul e executed by a
processor, or in a conbination of the two. A software
nodul e may reside in RAM nenory, flash nmenory, ROM
menory, EPROM nenory, EEPROM nenory, registers, hard
di sk, a renovable disk, a CO-ROM or any other form of
storage nedium known in the art. An exenplary storage
mediumis coupled to the processor such the processor
can read information from and wite information to,
the storage nedium In the alternative, the storage
medi um may be integral to theprocessor. The processor
and the storage nediummay reside in an ASIC. The ASIC




may reside in a user termnal. In the alternative, the
processor and the storage nedi um nmay resi de as
wale@enetes conponents in a user termnal. The pPEWUS986/012502
description of the disclosed enbodi nents is provided
to enable any person skilledi4n the art to make or use
the present invention. Various nodifications to these
enbodi ments will be readil parent to those skilled
inthe art, and the generﬂédﬁf ¥ifici pl es defined herein
I|ed to other enbodi nents w thout departin
“)‘ﬁ%g]t% ?E}’%legbl rit or scope of the invention. Thus, theg
present invention is not intended to be limted to the
enbodi nents _shown herein but is to be accorded the
Lwi dedtbaseefpidorceniapéiagit with the principles and novel
f eat &'Egﬁsnﬁ'ttélcécﬁ‘l? %grelaecf) ?ﬂaﬂsrﬁltélrr%@s ?ﬁ@% ah §cc%ls§‘ﬂeﬂﬁ1?1a1 Mstru Cf:tmg
ase stati1off conprising: ansmtter configure
thb(acd:dsammrtal o sveischdgpewtan aaahvatsxt}esm)db evrhetengtich antenna module of a

instructing t access ter to switch
DRI SRy B s G NN BRA BB e B ieg £t & Single carrer
fr@dldéhé* hid/a aﬁq@e%eMHé QhefcOlRisY SiterhaShIE o£ Rk rpmahty
signal transmtted at a single carrier frequency and
anterria medies reﬁelmopeﬁmhmu&l -earfipr signad freppnidedatiufiest éatrnfsh e
lural ity aptenn I
pRY s BRBSE R IROML e R E Rl & pbtpf Pliscaier siegets
trhisggtenays @bchdcstedfsiuandyenna nodul e receives a
second multi-carrier signals transmtted at a second
carrier frequency. 2. A base station in accordance
oW thaglal Qﬂa&on WRLEIdBndN\GiTBRRAY ewhcsreﬁ"l tHy bifeksa8R44 4 Rifulti-carrier
swi tch conmand nmessage conpri si ng a nulti-carrier
swinglt acdmmad] massage ccmapmsmg a mylti-bariaceweissh indicatonalstructing the
swtch to the rrHI carrier.node. 3. A base station in
aceERIPIRRR ORIV D &9 ﬁﬁerﬁl‘ﬂtl R J9C he nul ti-carrier
switch command nessage further conprises a
mul ti-carrier channel indicator assigning channels to
3t he Acwesstatien in asaprdance witibelsian 8t wherem the madicspeignswitch

h d
ool e ol PR BB b PR, i SR
clﬁ@&&l@g@theraca&ewrﬂﬁ;ﬁm,e with a G obal Systemfor Mbile

Communi cation (GSM Enhanced Data for d obal Evol ution
(EDGE) Radi o Access Network (GERAN) standard protocol.

4. A base station in accordance with claim 3, wherein the multi-carrier switch

command message is a modified Packet Downlink Assignment message in accordance
with a Global System for Mobile Communication (GSM) Enhanced Data for Global
Evolution (EDGE) Radio Access Network (GERAN) standard protocol.

5. A base station in accordance with claim 3, wherein the multi-carrier switch
command message is a modified Packet Timeslot Reconfigure message in accordance
with a Global System for Mobile Communication (GSM) Enhanced Data for Global
Evolution (EDGE) Radio Access Network (GERAN) standard protocol.

6. A base station in accordance with claim 1, wherein the message is a RXDIV
switch command message comprising a RXDIV switch indicator instructing the access

terminal to switch to the receive diversity mode.



5. A base station in accordance with claim 3, wherein

the nmulti-carrier switch command nessage is a nodified
w@awkao079d3 mnesl ot Reconfi gure nmessage in accor deies24a0é/im2502

a G obal System for Mobile Conmunication (GSM

Enhanced Data for d obal Ev@tuti on (EDCGE) Radi o Access

Net wor kK ( GERAN) standard protocol. 6. A base station

in accordance with claim1, wherein the nessage is a

RXDI V svm tch conmand nmessage conprising a RXDIV switch

i ndi cat .nstructi t he, access I

7. ¢ he 4 GsErolOR oI P es g SHERRS phEle PR oL WA drtinand

RS0 TRlARE @oMipkibesGl sﬁ‘th%:fé Barriehéta@hél ihdieatBXadsigning 4 dihgle carrier
comand nmessage further conprises a single carrier
charinghieche pergbctgtdinahssi gning a single carrier channel
to the access termnal. 8. A base station in
accordance with claim7, wherein the RXDIV switch
8. COMBbgke FREBA Yeadcdrdno®dith ickiin FaeheteiDhwR XIAKY switch command

Assi gnment rressa ein ance wth a d obal
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is a nodified Packet Tineslot Reconfigure nessage in

accordance with a d obal Systemfor Mbile

9. ConmuiBhseatation i &EMddnbs azma@hnlﬁwt svhsvin HeqEDIEywitel tanmand
(EDGE) Radi o Access Network (GERAN) standard r ot oc,
measgageAs panstifiedeRacker Timeslot Beenabigare mesyags 1 anear al?cl‘}r‘ﬁflﬁb?
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R L A BT QNP DU To I i
(EDGE)lTegliv Avese detwibrk {GERAN guareldrd motmeel.at e i n the
multi-carrier node. 11. A nethod for managi ng
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method comprising:

transmitting a message to an access terminal instructing the access terminal to
switch between a diversity mode where each antenna module of a plurality antenna
modules receives a single carrier signal transmitted at a single carrier frequency and a
multi-carrier mode where a first antenna module of the plurality antenna modules
receives a first multi-carrier signal transmitted at a first carrier frequency and a second
antenna module receives a second multi-carrier signals transmitted at a second carrier

frequency.

12. A method in accordance with claim 11, wherein the message is a multi-carrier
switch command message comprising a multi-carrier switch indicator instructing the

access terminal to switch to the multi-carrier mode.
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channel to the access terminal.

18. A method in accordance with claim 17, wherein the RXDIV switch command
message is a modified Packet Downlink Assignment message in accordance with a
Global System for Mobile Communication (GSM) Enhanced Data for Global Evolution
(EDGE) Radio Access Network (GERAN) standard protocol.

19. A method in accordance with claim 17, wherein the RXDIV switch command
message is a modified Packet Timeslot Reconfigure message in accordance with a
Global System for Mobile Communication (GSM) Enhanced Data for Global Evolution
(EDGE) Radio Access Network (GERAN) standard protocol.
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comprises a multi-carrier switch indicator instructing the access termi al to switch to

the multi-carrier mode.

23.  The access terminal in accordance with claim 22, wherein the message further

comprises a multi-carrier channel indicator assigning channels to the access terminal.

24.  The access terminal in accordance with claim 23, wherein the message is a
modified Packet Downlink Assignment message in accordance with a Global System
for Mobile Communication (GSM) Enhanced Data for Global Evolution (EDGE) Radio
Access Network (GERAN) standard protocol.



