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METHOD AND APPARATUSFOR W RELESS MULTI - CARRI ER

COVMUNI CATIONS | . Caimof Priority under 35 U S. C
wQal®6120@1] The present Application for PatentPCI/ab2086/019433

priority to Provisional Appljcation Serial No.

60/ 682, 181, entitled "MET AND APPARATUS FOR MULTI

CHANNEL W RELESS COMMUNI CATIONS, " filed May 17, 2005,

"meor por at od. PR AGDENEAPPARREEREGR, | Fi i«
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comruni cation, and nore specifically to techniques for
transmtting data in a wireless communi cati on networKk.

111 . Gosker eundit 0988} 35U.eCegsieconmuni cati on net wor ks
are widely deployed to provide various comruni cation

ser vhheepresant Appdicetdone or Paienktealaigst prioridy dadyawisional Application
] i sQ T
seiRP fxﬁ% B/638N9; pfifled g%@glgg@ ‘é%ifarﬁ MAQ?,TUS FOR MULTI-

| e-access’ net wor k supporting

CHANNHIL $AIRENESSOCOMBUNICATIONSS” bijedshay 179 2008 assigned to the

avai | abl e network resources. Exanples of such
asgtgngs; hereaf andeprasdly weRoRROTIRE hefgn LETERSGi si on

Mul ti pl e Access (CDMA) networ ks, Tine Division

Mul ti pl e Access (TDMA) networ ks, Frequency Division

Mul tiple Access (FDMVA) MBAURGROUMND Ot hogonal

Frequency Division Miltiple Access (OFDVA) networKks.
I'[Oogﬁﬁ}’ldData usage for wi reless comuni cati on networks

cont -
el | B L 532 LI BhaNRRE SpcBifically
to teztyaiquestion treansrdiivesydaty inca gireless coetmmrikatioppietadrky has a
speci fic maxi mum supported data rate for each user,
which is determ ned by the design of the network. A

ub z?éik'g i Nncrease in the maxi num supported data
II?at Zﬁl S gﬂ%dn reali zed by depl oying a new generati on

or aWinelwsdesnmmnddatian medtworkls. alfowidekanjppleyed he provide various

transitjon from second gﬂener%t@i n (élG) to third,
coggﬂlg}l%ﬂqoar?ef\s@s Si“ﬁh A8V e.apa {aﬁak qulcgu‘gq, Jerssaging, and so on.
TREO8E@RAhay PORRWEIEALRsd ReriBiR chfitte %{p{)&@itngrc@ﬁnnunication

However, new network depl oynent is capital intensive
fommeplopleewsessohp| sheang dh¢ @OAEIIETnetwork gesdvesesf oEgamaplaged such

mﬁl%pfebaeccgsrstneft\%rkts §5¢ Qciieq H%Se &ﬂviisﬂr)g rl@[\tllleﬁprleh k%ge%g Q&bhﬁ&ﬁ networks,
Time Division Multiple Access (TDMA) networks, Frequency Division Multiple
Access (FDMA) networks, and Orthogonal Frequency Division Multiple Access
(OFDMA) networks.

Data usage for wireless communication networks continually grows due to
increasing number of users as well as emergence of new applications with higher data
requirements. However, a given network typically has a specific maximum supported
data rate for each user, which is determined by the design of the network. A substantial
increase in the maximum supported data rate is often realized by deploying a new
generation or a new design of a network. For example, the transition from second
generation (2G) to third generation (3G) in cellular networks provides substantial
improvements in data rate and features. However, new network deployment is capital

intensive and often complicated.
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users in a wireless comunication network in an
efficient and cost effective manner. SUMMARY [ 0006]
wdewhneqees for utilizing nultiple carriers onP@HES2006/019433
downl i nk and/or uplink to significantly inprove
throughput for a nobile statron in a wireless
t t r
EWI‘H%R m#lg%.f%gt%/\@%? 1(11(%%»311 r%&ﬁﬁt&uae?ég c(\% thla)ughput for
ustie e b virefess admimdhicaiyn taWOESIPGINGTTidem amadba effﬁeem\teemmmer.
(RF) channel in GSM The GSM network may support
multi-carrier operation on the downlink and/or uplink.
The nobile station may re PJMI@“_ a on nultiple
carriers at the same ti mag or nuqﬁ(i carrier operation
on tTeehniqul farkutilizieg nmnﬂtiple csanad;rismn rtwydcbwmlirﬂ«riand/dxammink to
e carriers

SR AP RYE BRrGRHbRToR PRI BFYK I Fniglsgt cgmmunication

neax/@ki @r% MRYGRBaPSsERE CorOMOLAE OBMBuHRIal R %GéM’) ddiork, are
downl i n

and one or nore carriers for the u
degraihef dieredn. of cpeniar onay ¢oa®§mrsi to [ama@m]fr@q@@myd%@ chaﬁnahm GSM.
t.i on n A
RO BN Bk Bl G S o, P8 ABRR TR olSoie

Theemobile sthiién pia9Ciess od ahtarcepﬁlruquaamaﬁsl gnne rsmnefume for multi-
multiple carriers for a first link in a GSM netwo

CAFTEE QPGEALQH ORsthE Q‘ﬁW@Htlk fThﬁtm?lé%i’s%tat&ﬁ’eméﬁﬁW@P“fd@Fa %p multiple
i

coBREE B iy OF AN AR oK a8 SnHE GAAC, 9 Bobit Baton

miy bs assignﬂ& oam dr nimee crribm det the mlewmh‘nk aed ofiwor mmhee cedar dor the

iii gg e first. Pk may be the downlink and the
UPJBE SR Wnn‘%‘?oﬁ% ¥IES-upl i nk, or vice versa. [0008]

AccoxgboRfing Qo aiPleREehpRXe @ﬁib@aﬁn&mb&dtr{éemvem@dh an apparatus is
apparatus 1s described which includes at | east one

demr&@és\s’blrch aln@ﬂudemmﬁayt Offth @Kpﬂeﬁﬁ% sﬁgldr:( gl)lerg@;(m gAhe processor(s)

re(TUEV% %@L%}%}T et WOr t1pgsgantn|3rrs 3% ? Lélla‘_slé thn C ar : SP\% trﬁt regelve an

asﬁgﬁlﬁﬂﬂ dfi a keab0odeh@iriaatfol & ssdoatlilmm, in aliEiGSMT henoek, diﬁtl @&xchange
h the nobile station via the nultiple carriers for

dafeh\émﬂ tiesGSNE ek 4 e Tl plecaricgior i asblinls e gt least one
09]

C R A o 1R The YRt I 5ok R A TPy tnk may

beBﬁ%tEﬁn%SﬂﬂbP%I@N OF THE DRAW NGS [0010] FIG 1 shows

a & &ﬁ?g [[ck( anéthgrlel emplla% e'?'nbsc’) gnv\glt aanf gp%ﬁa?att?st {SUCF scnbed which

includes at least one processor and a memory. The processor(s) assign multiple carriers
for a first link to a mobile station in the GSM network, assign at least one carrier for a
second link to the mobile station, and exchange data with the mobile station via the
multiple carriers for the first link and the at least one carrier for the second link.

Various exemplary embodiments of the invention are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a GSM network.
FIG. 2 shows a frame structure in GSM.
FIG. 3 shows an exemplary embodiment of multi-carrier operation in the GSM

network.
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[0012] FIG 3 shows an exenpl ary enbodi nent of

multi-carrier operation in the GSM network.[0013]
WO-R@&12349 - 4C show three data transm ssi on sSCPETES2006/019433

multi-carrier operation. [0014] FIGS. 5A and 5B show

two frequency hoppi ng schenes. [0015] FIG 6 shows a

f r
D rr R, B A ST 0 SRR bR goeaion
bas eFIﬁS&BAmmdzﬂBjs}@wmm ﬂrﬁ;uﬁh@t happin g&‘EIEékh&D

DESCRI PTI ON [0017] The word exerr | ary” is_used herein
to ndkho %@WW@@OC&%& foR ransmting, aFa'fé‘tl%WEé?aﬂ'éﬁf operation.

|| Usiy 3t g & bR R 'oeavbamwn%ata HSARIGARA.

herein as exenp ary™ 1s not necessari |
construed as preferred over other exenplary

enbodi nents. [0018] LSS hni ques
descri bed herein mP@t@Wé&m wirel ess
COMMMY 8fd ‘WReMBLPT i hsStfdteidSto FhdMh“seitMB: asPRMRAABR, instance,

OFDVA networ ks. The terns "network" and systent are
oroifjueiratiosned At exarhiayertbbdimentairribask baseia frsa;zxemplary is not

re-radi o technal
e B0 be {PRu e AR PRI Rk R BT shbSlinftnoo
coveTlge trmsA6%n 1ebhfi§fes deSeiBfed Irndin alidyee GdedfdanffousAvireless
TDVA network may i nplenent one or _nore radio

COnEBRHEAtEY; nebv ke ﬁuwswﬁsrﬁ%w&mwnfi&%%%wwoﬂm The
tefthOBR¥w laH '“gﬂes e )o’fteﬁ"ﬁlgeds t&&anggfﬁygﬁm)&l n]b{?/ﬁﬁg network may

radio tec st an s are
i G (mncerﬁMe&amodedmoldgm sunh de came200, Widsband- CDMA (W-

CP8EBBph EenH2 08027 DR, WP ISRte, nSi B oFy Dl indards. A
DS Oﬁe&waﬂa ROITE hnp i3 e CoRe T e Ffﬁ(ﬂlbn%&%l@%l@sf Qigflas GSM,

(3GPP2) P and 3GPP2 docunments are
E@hﬂamchﬁla@ faF@OfZDQ]GlFbﬁl E\{Oélrtiqny(EEGE) tanérssmrssffdinse various radio

teli o\?\cg%;% B RREE LLGA | lo%thg SR WREBME hAYEISRE off @RMibed in

' d&aﬁ@htspﬁbmna lRehitiuA @Mdn%m&wmwnbpar&aeﬁ‘ﬁm Bt (3GPP).
radi o access network (GERAN) or sone ot her 3
csea2RBP Kkis ‘{lmtzleﬁd el docqmgmfé Oy SISy paaqze@) wi'd Heneration

Pzgﬁx%?shg% | Kpe” 'ah E}b@&!d%&ﬁn%ﬁ?m?ubﬁa available.

stati gen raIIya |xe station t cates
Wi t hderhc—ianmb'theetr&tsanssmlsteajmdqmyaralspemheallyedlmcmlmﬂ bedow for a

o488tV s OsREREPTNS B ¥EH 1 PP Bgyse-hitipbley. A

GSMRhéERdrIL HhyPEOY IR ISOGPUAHGALCER W@ﬂ@@%ﬁ&f\l) @r some other
particul ar geographic area 102. The term "cell" can

GPM ratwork.
FIG. 1 shows a GSM network 100 with base stations 110 and mobile stations

120. A base station is generally a fixed station that communicates with the mobile
stations and may also be referred to as a Node B, a base transceiver subsystem (BTS),
an access point, and/or some other terminology. Each base station 110 provides
communication coverage for a particular geographic area 102. The term “cell” can refer
to a base station and/or its coverage area depending on the context in which the term is
used. A network controller 130 couples to base stations 110 and provides coordination
and control for these base stations. Network controller 130 may be a single network
entity or a collection of network entities. For example, network controller 130 may

include a base station controller (BSC), and mobile switching center (MSC), and so on.
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to a base station and/or its coverage area dependi ng

on the context in which the termis used. A network
wa@omwbnzditker 130 couples to base stations 110 aPiI/US2006/019433

provi des coordination and coptrol for these base

stations. Network controller 130 may be a si ngl e

net | Ld

For RS alink Pl B GbERA iRBe 1, BEbUEab Y hcbB; snd each
meliRtstaionannt E@dtht&rna(}Bﬁmeﬂmdé\ mrodbii le atasion thedyi g Ierrfered to as

(MsC), and so on. [ 002 ; Mobi | e stations 120 are
2 YSgRPRAPISNLch EpRHebd RISIRGhURTON RESomt RGPk eraglagyc ik mobile
stdiRf hﬁ%SBé‘td QB ngSnét sltls QRhY dgitdORkdsEmt APERDI 18 wireless

stationh may al so referr to as a user equipment, a
cotrafnuriicraaﬂon devabs duanditeld dedte,on witess ameleot, ad so on. A mobile

rm nol o e stati o e ph

sg{3Beas AT a M s et APl e Sy pEeu o UPIRE.  The
doHRINAN bE Arivarl BheyieRys & Mandhshshicheivh Ak o the b&RSstations to

nodem and so on. A nobile station may communi cate
thevmdbilg stedions,sandt the mpbink (Were@i@r\m linjsk rederd /te rthe) pempnicytien link

I f r refers to the communication

frcﬁx?m} *E%l%(%%ﬁleonggg@egtagétl one to the nobile stati ons,

and TieGSM hdaoflomay @perateor bidkor mefeefrequiency bends such as GSM
communication link fromthe nobile stations to the

900aGe M5 181U, and SSPHAYY] darde Ergh iequrBe DI O¥pE RaPEcifif range of

. B2l RiBAfnnel i
fréezlﬁgn&M 1988“%% ?&yn&ﬂag&equency an%@%&er@a TS
idgpdEdfbyca spevific ARHGNE qabsnvieemdantteqiendy whated] nnnberd. Table 1

. nu of 200 kHz. RE chan h RF c I

s R o g gnescigh i Lo e o (R e T g ATRFCNs for the
GSWGSM@MBE&GSM’@%@M@@NE 1 lists the frequency
ranges for the downlink and uplink as well as the
ARFCNs for the GSM 900, GSM 1800, and GSM 1900 bands.
Tabl e 1 [0023] Each base st#é bn in the GSM net wor k
transmts data and signaling on a set of RF channels
aFségiRady Banihal URERKIVEL)ON Movnlikl (WK dper sARFCN

—IU [UU‘U’DC II1I.C1'LCII Tt errerence Udse bldllUI[b

Ioca@@l‘ﬁ?f&\r each tMer98x e alssi g 899 f er ént  sbrd 26t
g}m Dnngthuch t pady tpﬁ& t rajnsmlﬁg orfgid‘ or theggfgggg

interfere \th _ohe_anot [002

FI GGSMdR00s a [ r amds0st 1916t urfe | ﬂJ9IBSI\/ll99I(he i mebihe 810
fortransmssion TS divided Tnto superfranmes. Each

superfrane has a duration of 6.12 seconds and incl udes
1326EabNfasé staties in mesiﬁlmnﬁat‘anﬂt g it daaf ztn'dt sipweditigiont set of

i ther 51 26- fra s or 26 51-f :
I Gheelsatisiehech ol b1 atACOmID: 4 Faioil SBTaIcge rigr iy inter-ell

ink$fefbnce, base stations located near each other are assigned different sets of RF

channels such that the transmissions for these base stations do not interfere with one
another.

FIG. 2 shows a frame structure in GSM. The timeline for transmission is
divided into superframes. Each superframe has a duration of 6.12 seconds and includes
1326 TDMA frames. A superframe may be partitioned into either 51 26-frame
multiframes or 26 51-frame multiframes. The 26-frame multiframes are generally used
for traffic channels, and the 51-frame multiframes are generally used for control
channels. Each 26-frame multiframe spans 120 milliseconds (ms) and includes 26

TDMA frames, which are labeled as TDMA frames O through 25. Traffic data may be
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for traffic channels, and the 51-frame nultiframes are

generally used for control channels. Each 26-frane
worndobi12y1agre spans 120 mlliseconds (ns) and i NnECT/USHORG19433

TDMA franes, which are |abelgd as TDVA frames 0

through 25. Traffic data may besent in TDVA franmes O

Seggf r a?r/[e& }ra.ﬁ'{ég P}%gﬁ E?rJﬁ(‘f g‘%arre h]]32tﬁ¥o%f§h% ol? each 26-frame

miBHraREs Mackarkd-framd lmdﬂBfr&ih% "Ephis QBS&EG&E c,r)ré)s\ghiilcb Ifnoﬂlli;]cﬁ_sr SI\}A TDMA
| abel ed .as fr 0. throu 5] Eac
r?rp%ﬁ"%é% ”g\@ﬁ mﬁcﬁ@%ﬁs f‘?“lggéﬁed into 8 tine
S| ot BachWhGIA BhSe ks @@%'4%&5% ér%cﬂ? r Pﬁe@in}ﬁé aHﬁm&s which are

transmssion in e tlmss eferred to as
lab(ﬂgql 8$ 'tiniersl@SM thidvehf 7. aﬁetrmsmixsiqmrie efaoh ti@BMloisis 1eferred to as a
i.tled."Tec

“t@ 3“@3&{ ﬁ,}? e EtSrE%S of is,qesgribad jp :BP%’aJFS 05.01, entitled

“Te@hﬁi@ﬂ"ﬂibﬁ&iﬁb@hb@ @O%GE(TANP masieal Ztitulal 'fBI&!o‘ﬁﬁhuﬂ@a)ﬁ%ﬁs system
on the radio Path " 1999,

neral descri Rel ease
(Phéw%brﬂmw lggier < the padlin ipethy (gwral alsseriptiong2BElense 1999,
r@%@%bf\r&hlm%&gg&gn aﬁ %hGSM net wor k supports

carrier op on e downlink (DL) and/or

upI | Tmkan(ddlepnplafy embodiencat, alid GSMTﬂatwbﬂ(C@pp@Tﬁxﬁhﬁl @dfrier operation
mul tiple RF channg)s at. the sane tine
ot FOwRHS &PLo 3ae/af iveHnb i Ulhe 6omﬁw% Riatiom anfippicpige data on

mtﬁfﬁ@'ié RP cABYhels' R W@a@rfe%@f&ﬂnﬁml—aa%r%PgF tl&lP@ﬁ' 'ﬂ’rael Sovllink. The

sanme time ticarrier operation on
mobillé siRtionr mayrtninsme &Gtadn muhmpiy Rfec}&maelg e memEmMmmﬁmemultl-
RE channel s f one o0

d [
A SIRT R TRARIBK eI o=y P A€ dheioismore RE

clabfd]s & thBRlodMfink 3B Ionk Yor otk ek @ha[n%%@%ﬁ% uslBkadepending on
requi rements and capabilities of the nobile station,

vaaios sfactors. stihie ag dharsvaikbilithiaph eadio raswrcee,adataelfegmr@n@ts and
#ﬁ?ﬂtlé@BF{h q’ﬁ&@% s{%llt}/onh gn OHFthGr}uarl I‘ x4 EU I@lS an Camers

ESCYI ron‘re -

aremeescatmaahefngesam aembl F& c&ﬁlﬁm @ach bOGR AblidhEgraeidriRion relates
tion may be assigned any number of tine slots for
toé‘é@ﬁ Q?g?‘?rloé?raﬁ%ffﬁr?éﬁ mq?ﬂetsw&;owoml i nk and uplink. The

SSTEnfE 1A S8 OSSPy B0 3 TR 5 o e
asa?gyecbﬁ)ralﬁd(gwdmlddmd uwplink. Mherbane of differsat shmbas ofi tlﬁielslots may
s SBH F10700 BB B S BES 52U e e

of fraé kiBtsSdnPdll DN, daBerd SEPMYE RN RS h@[hﬂ?rﬁﬁsn%m&ﬁcépaﬂl)htés on all
2 tine slots, which neans four ting slots for each

DLggurises- c Borr xemplea e mabila stationsmay seckive a@raemgmmcrarqfu(éﬁ 4)+2
tn:BQ ?T]é)%r??mé %&%s‘ 3 r s?ot? ?CH‘ %ﬁﬁgw ﬁ dl_ f{:_rg I(agcrl] ttwo time slots
foe)&ﬁﬂ‘DJLEQartlhe Tﬂ&hb@lﬁit&idrﬂﬁiaﬁﬁh@o be @sdiMeedaiffessi SRRmAS of time
slgtfs for the DL carriers. For example, the mobile station may receive an assignment of
(4 + 2) + 2 time slots, which means four time slots for one DL carrier, two time slots for
another DL carrier, and two time slots for one UL carrier. The number of assigned time
slots for each link may be dependent on the various factors such as those noted above
for carrier assignment. Assignments of time slots and carriers are typically semi-static
and controlled by the GSM network via upper-layer signaling.

On the downlink, the assigned time slots may be shared with other mobile

stations. The mobile station is allocated a given assigned time slot if data is sent to the
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(4 +2) +2tine slots, which neans four tinme slots
for one DL carrier, two tinme slots for another DL

W@ 2006i123149 and two tine slots for one UL carri ePCT/URE06/019433
nunber of assigned tinme slotg for each link nmay be
dependent on the various factors such as those noted

mgﬁ? S%atéOﬁl dm r ” eg s‘!gt:\fAe %—?lﬁ%fiﬁ%{é%@ag aongmtlon (ge tnore than one

tir@e Blok Bl 4 '(EDI\/DA( fiah&: tCHMd mebMestktion. aAllppeiond afyme slots are typically
S|gnaI|n 0028% On the downlink, the assigned_ tine
dypppic amﬁaylaw eieairaldedpr A DSt néqkehéﬁ? bdockbagis diysa Medgim Access

CRRYFLSOAHTy U SO\ CRRH, ) AT RS Fu ks o

assd mtssage, mpabketsh datadildadc aiRadm ]Lmka]onabl RI=T) hzincquanrRiLCe/MAC

t han one ti slot.in a T metoth nmobi | e
blg%\at P oSPIALLRSE AETIRSIOBY- t’rl’?MA 0 BIG “sd%tﬁeblf’éb F‘PE‘F% 2 header that
1n@ﬁéﬁt%§'ﬂﬁ: 1@!&%&?%01%?%@% dcRE A RoRET packet data
bl ock basi s by di um Access Control (MAC) layer in
t he T;a\mabrﬂwmkon tA(ppald}( perfetatsaallseoR wwhaltﬁé/l betwork to obtain

referred.to as ssa acket
TG E aticel Ty Pl TR i (RSN Gt aling) 3¢ mte sation
peifdiis MiberachikitioR PriegYo cdibgehup) ardsehitidiedoquidlidmk the mobile station
i ncl udes a header that indicates the intended
tuﬂe%ﬁom Bhtcagier; rauings ER@engn by PEPGERNE p HEaRnCYIOURRiAN ehannel
I .
R0l AparR Einoof SO Bt Mot I8Cf md obtains
system mfbnnattdnefrdmvwlbmddcas‘ﬁcbdnpbl ckannEhéBOCH)! eFat edli egtup, the
rforms initial |st rior call setup. For
e et o G tene n reust KRR HsHES! bhiepie an RR
CR&AMhe] Requéit %és%&‘g% Bﬁemm RYcRE QRESRI N ATT), IERGY station
correctl on channel (FCCH), acquires timng by decoding
regeiggmibh rr@queztataﬁsa)gnSMmrehm@S@Bners ahdleobolalm@atmfoe gach of the

i nf.or mat om.a broadcast _contr hann .
aqBfid Bt SR hE5 R Bl IR Al FATBRE seiyEed barcr, and
asSiphabht oh ndore adifec Eiemaels QRCHRR) THOBHRE @iah@ﬂ ay &RAHiNG timing

an RR Channel Request nessage on a random access
adsRByEld frrRmepgy carestigr far e inenbile statiop dasadhen Megaesdyed request.
ti
TRE TR ofififich colBEE RATE Rabf o I BRRLE SulteR ' P Kuency
chTeKIHOIS bhatamnfsaior Eaplpleashify cmxded: by rthe mobﬂu dtaaemsgmsv@mmlt The

or nore traffic channel s ( . The se sta |on
bage sEtioR rfé%“ S¢S 8¢ &%W&%@W‘E&%&ﬁ&we&% ARG &g OE‘S?J ptiming
advaficdTRRE R qBRY QRrebASEEn AR dcB&s oR4R1 chithel RALRST) toTtB§ moblle
t|n1ng advance’corrects for timng error at the nobil
stgfiont i ‘Bre. mPbide Stam@pbys &mrtrrm@gladmnae eod freguemngy cmmioerso that
aused

g Rolibic AT BNt G ot o Moo iR 4T BR g ibGuepey at the

bds6 3fatiber ThaRbbilk FRitish Beh)exchdnFeNPe@dingWeith thaGEM network to set
frequency correction on an access grant channel (A
up Berq8, edpifgrevoice and/or packet data. Thereafter, the mobile station exchanges

data with the GSM network on the assigned carriers and time slots. Initial acquisition
and call setup are described in various documents from 3GPP.

In general, the mobile station may be assigned any number of carriers on the
downlink and any number of carriers on the uplink. The number of DL carriers may be
the same as or different from the number of UL carriers. The mobile station may be
assigned multiple carriers on the downlink and/or uplink during call setup. The mobile

station may also be assigned one carrier for each link initially and may thereafter add
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station. The nobile station applies the timng advance
and frequency correction so that the uplink
W@ e@os2d1dsi ons fromthe nobile station are aliReEUSI006/019433
time and frequency at the bage station. The nobile
station then exchanges signaling with the GSM net wor k
m{)jtg c%ﬁ{ef%g)rrtggxg} ﬁxﬂl JiS e%d&l C %r %’e‘&'tn;f %}]@fg% anlggléb g»% achieved via
Layet () sitgheh@uhytﬁn mgmkhmgl(etglmmﬂsn tgraqehckarsmiiehsd hmﬂlowrbrfmxd/or

ots, |t| ui si n and call setup are
lmcE’ icit rs}%‘ ﬁ\ﬁg g heRrers 1sosAve e [”(‘}G@Gﬂ‘ of JL carriers
ana% e is aqﬁemb;iﬁgﬁgs fvbé}{‘ﬂiﬂa Ind BTSSR eﬂke We HHBREStation
carriers on I nk an any nunber of carriers
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cmmoiﬂh@d@bﬁe stagor maKpprfomn aal kbtug siarthe DL mdrigh pocime carriers.

to olls received on an assoc carr
sk, et e Ao, SO OBENGapt FUFEry STH PGy apd rafic
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DL and UL carriers may be used to indicate which
baghpi @t thsnansher FarpRrs andugiell sebup dhel amgkeryf exriesctia the anchor
ier on the other link. If the nunber of UL
carriers is limted to one, then all polls wll
i mplTied idopile esatidn beyupel |thafrdgsngnass thninghef emd UL carrier
carrjer [0031] In an_exenplary enbodi ment, one carrier
asgignedhiorthe mopilf statieri Jhefrequensy and H%%Pf @s M apchppgarrier may

bet E@ﬁnr{e& Hasdigh the Pt‘?fﬁ"aﬂ& 18 kg5 ? 1a!l %ﬁnof'f“ eSmce all DL

referred to as auxiliary carriers. e stat
carmggys f:rensfrmttnd ba lal glw hase yiation hee tHhicalhyl alhgnednn tiove and frequency,
i.ers chor carrier nnent s

th§ biiS Fatio My Dr b B tg acavia el PP S A e e et Mo reduickly
usevwRE hﬁﬁngaﬂﬁii ule,ﬁé«y $fahé D, 47eRdd @r&drat i on. The nobile

station may boot up on the anchor carriers and nmay set
up tHe makile statign epnliep diespreper ihingaastyRate angl fir¢auescy correction
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t1m ng carrier assigne
Uk tatrieesnare hfwenfed e be oeiyelawd, dndm dftgmﬁf)n tlhﬁ!n@hdvaﬁ&‘dmfd a common

frecq%grrlclyecrorrec%/ 10n are used for all UL carriers assigned to the mobile station. In this
exemplary embodiment, the base station may determine the common timing advance
and the common frequency correction based on uplink transmissions sent by the mobile
station, e.g., on the UL anchor carrier. For example, in a packet transfer mode, the
mobile station may transmit random access bursts on an uplink packet timing advance
control channel (PTCCH/U) sent on the UL anchor carrier. The base station may

estimate the timing advance for the mobile station based on the random access bursts

and may send timing advance updates for the mobile station on a downlink packet
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be acquired based on the FCCH and SCH during initial
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send .si.gnalin n.the, uplink,in,varLpous npers. .l
SYBTHBOUGATEY aFy TuSar ol B Pevk gtk 2By dufér fack of
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to 48 BrobHe s@tigh ©n thhdowskinlgndhe Pidieasionimeasalsahe cenyaypd fe other
m%ﬂltgfst_o-one, nmany-to-one, or one-to-many mapping
etween the DL carriers and the UL carriers, e.g.,
depdndim gx@ampltdyeembiodiatenn fthe DL iadtisorasstigneshvieps tieafdilowing
. link. The nobile station may send signaling for each
infrmateTi er on the associated UL carrier. [0035] The
nobil e station nmay indicate to the GSM network that it

i & SYgtenr pieragor (BEREDauxiliary DL carriers. In one

exenpl ar nmbodi j\ndications of. synchronization
e B AR R ryrh ¥ R sRE sk Michor carrier.
| 9 awebiteipeeRI Al EPROJHYEMthe AOLiOES.I on Of
synchronl zation for each DL carrier is sent on

The timing advance may be sent on the PTCCH/D and may be used for all UL
carriers assigned to the mobile station. In this case, the mobile station does not need to
receive the timing advance on the DL auxiliary carriers. The mobile-specific signaling
may be sent on a packet associated control channel (PACCH) and may include ACKs
for packet data blocks sent by the mobile station on the uplink, power control
information, resource assignment and re-assignment messages, and so on.

FIG. 3 shows an exemplary embodiment of multi-carrier operation in the GSM

network. In this exemplary embodiment, the mobile station is assigned N DL carriers 1
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the associated UL carrier. In yet another exenplary
enbodi nent, indications of synchronization are
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requenci es. I n the exenplary enbodi nent shown in F

stagus ¢HPF)-based acbecthélsgg netieavausd ahew Dhe &nB¥ioretwarkr foe¢ontrol
wtggl'? rullf’ér 4l r| ! }?ye é)ty té gqcﬁ)élgd %fltewhl tfl} S]r?aqi)mk granularity.

Dateaed M@amgtrﬁap 4165 8 gemt bio thefdo@mtihk anBasihkon dihe malaners.
anchor carrier, transmt requests on t RACH on t he

UL arerrgrricsts) fqré@ch Hplgmeay ba juged tpééw@ée,a@gkeg Ha@nyideo, and/or

e h Is
oGRS, AP, U SIS e ISk SAEEE ik
flavob(TE¥3t ahi BRF 1§'hephmtual eomteatmmlbetvmﬁn rieoeRReeidaica (€g., the
sybset .of the N carrie h ca t he
il AR SPERSIRB IR SIBPRPEIAE: Ao bRFanay also be
refebdll t®Bs HRMtal fIGNSATHAta d@baAn OpAkbt éifeaﬁx 2ULRRS Lk EHfroMRLC)
UL carriers. For exanple, the nobil
flow, or some other terminology. Different quality of service (QoS) levels may be
achieved for different TBFs based on the requirements of the underlying data. QoS may
be quantified by delay requirement, peak data rate, average data rate, delivery option,
and so on. For example, a voice flow may have a short delay requirement, a fixed data
rate, and best effort delivery because of the time sensitive nature of voice. Packet data
may have a longer delay requirement, a high peak data rate, and guaranteed delivery.
The mobile station may support multiple TBFs. In multi-carrier operation, a
TBF may be allocated one or more time slots for one or more carriers. Multiple data
connections with different QoS levels may be sent in parallel using multiple TBFs. The

TBFs may be sent in various manners. In one exemplary embodiment, the TBFs are

separated by carriers. For example, one TBF may be sent on each carrier. As another
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station may receive a sem -static assignnent of
multiple (e.g., two) UL carriers, but may be all owed

W@ ooobn2zvigm t only a subset of the nultiple UL RPErDBMNE019433
(e.g., one UL carrier) in agd gi ven transm ssi on
interval, which may be the duration of a radio bl ock,
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ve a short lay requirement, a d datarate,
bussted Inebe exefnfarty edelodineeny shavausE G # A, e fobnbursis fisi dack packet
ture of voice. Packet data,may have a.lpnger del a
BRI, e o our otk LT T Mg (PRY BsEa Ve TOMA
fragfds i/ ﬁﬁ"rcYug_Ik}[ RQ40bn The ch@Rt.| ahas, BukQd ATedhrSUSAPRA tor packet A are
multiple TBFs. In nulti-carrier operation, a TBF ma

setfeorafargeni eouroty B bihrowghe B ifpepadket B frorseinen garﬁnbﬂegursts C1

carri-ers. | tiple . data connectiqns w L ffer
PR S Rt COF PR D EFRER et bl Rk FRRler Pk 0
arel Bént OBFSariey 4 DETIEE Rk etnplaiid EmBUG AN PRIvedes | thn® [eversity for each
exenpl ary enbodi nent, the TBFs are separated by

paghgt dpi@bdockror  exanpl e, one TBF may be sent on each
car rpre. 4BA§T10§/? %h %gérﬁﬁﬁgpérﬁbodﬁﬁlaﬂﬂ & Ll BrSnsildlod QAR 220 in
may be nultiplexed onto one carrier to I nprove
multitakiengpefafion.i éndys eddmEaryeanrtpldangntetib doimbamsts ifieryeable packet

useful for S pl.annjn In er exe ary .
cafiiih #e et T orbR Rl b owe ROVEA M ikt bfariers L through 4.
TH! Buir&E -A 1THREGu B XA ¥k & O 8 S¥RNGn TR0t Mk TDWNIA frame
to achi eve frequency diversity. [0041] The flows, tine

n, astsB 1 tnehgbai4 fos pecket Brass sant omthet fopt eardenydmdDIAS framet n+1,
are-avai |l ab or data transm ssien. Data f
ooy PN B 5 PLRIREHE RSP B T B cmarery DY frame 11 +2,
an¥l Dok B 1MBFIEH D4 Rt $RREND M28s sdDnUBE FourtaBRGH i MTOMA frame
may be sent in the assigned tinme slots and carriers in
nyvari dos easpm@ary. embodiment provides frequency diversity and also reduces
transmission delays for each packet data block.
FIG. 4C shows an exemplary embodiment of a data transmission scheme 430 in
multi-carrier operation. In this exemplary embodiment, the four bursts for each packet
data block are sent in four time slots of four TDMA frames on four carriers. This

exemplary embodiment provides both time and frequency diversity for each packet data
block.
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[0042] FIG 4A shows an exenpl ary enbodi nent of a data
transm ssion schene 410 in nulti-carrier operation. In

W@ b@oaxawpl e shown in FIG 4A, four packet datBCHUSKRE019433
A through D are sent on fourqcarriers 1 through 4.
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data bl ock. T0043] FIG_ 4B shows an exgl&rp
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sentll 8 TRBILE §iFioR 4F Pregned; BYoTEARCT Ighd Fvet,ipls pad ge anchor
cafrl 980t Btheh Ohe RASHifety Bafff 3 huBhalifUtyf Gbme b | R%S snchor
DVMA frame n + 1, barsts lfwoug ¢4 for packet
caatee shht nmbﬂt: hmtlbm wasmgnc:d wog: than PBMearfiemrmed meiﬁlchommdner is

ur,sts Dl h..D4 for. packet are e fou
lola o ph BB iR EHe BT g S Ealy ey e birishfnchor
cal{eV i HRS ah{iRAlY eeNerdif¥e esdht MniaRchyabs Garlk8dUESS based on channel

transm ssi on del ays for each packet data bl ock. [0044]

quelits) HE teh WA aefvexte Ansl/oir the anabilgistasion. o heneyen the anchor carrier
3 t
iq:s?gﬁe'&%? 5 h%? *&%m‘g&% dfle ng h@ h;[%jll 1‘8131?5 dlﬁér Qgﬁ) ﬁxgyp Recome the
nena@ieﬁdsrdﬁaﬁa bI ock are sent in four tinme slots of four
TDVA franes on four carriers. This exenplary

enmbodien@dM prtyQTk@ay @allecﬂe Pighing @f epef@a éﬁ!éysr @pag dhe gssigned
cabfrs ﬁﬁ"%@dﬁ’ﬁﬁke%h@ handl gg&h{n?;%gr acggrf?ﬁ&{cftdgr : 51'11%? to reduce

operati on nay eS| gn ation,
n&kkwfc]@smgwgmhqgtaqurfaxenhplm theamiobils stMnn enay sdrdr sgnalmgeto the

G Hienaatodh e MU fr e RO ST ep thedbhgIT Rg the DL

anBBRH daBicy Al bR tBhiPKdteh B kinlin® 8dvalt&bM BE P‘FC@]!I?Dan the best or
receive data, possibly at a Tower rate, when the DL

degigdated I aaﬁ@myr casey: | Hrmphilg-gpecific s1gna11ng is sent on only the DL
anchor carrier, then the GSM network may hold the signaling while a switch in the DL

anchor carrier is being made and may send the signaling after the switch is completed.
The mobile station may operate in a dual transfer mode (DTM) that supports
simultaneous voice and packet data. For a voice + packet data call, voice (or both voice
and packet data) may be sent on the anchor carrier and packet data may be sent on the
auxiliary carrier(s). Voice may also be moved from one carrier to another carrier, if
needed, to achieve the desired performance. For example, if the carrier currently used
for voice is worsening in quality while another carrier is improving in quality, then
voice may be switched to the improving carrier. As another example, if one carrier is

lost, then voice may be preserved via carrier swapping, if necessary, and may be sent on
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IePGW¢%n for tining advance fromthe PTCCH D on the best
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ther carrier, jf needed, to achieve the desired

to an | .
oy kg ABENOT FGFTiGEx alfp WS exemplfy empedigient fhe guelty of the DL
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carriers for voice may track the swi tching of

In various exemplary embodiments described above, the mobile station has a DL

anchor carrier and an UL anchor carrier that are designated to carry certain signaling on
the downlink and uplink, respectively. In another exemplary embodiment, anchor
carriers are not used for the downlink and uplink. For example, the DL carriers may
operate independently of one another, and the UL carriers may also operate
independently of one another. The DL carriers may be associated with the UL carriers
so that signaling may be sent on each link to facilitate multi-carrier operation. In yet

another exemplary embodiment, an anchor carrier is designated for the downlink, but no
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anchor carrier or may be independent of anchor

swi tching. [0050] The nobile station nmay nake
worewsuzanents for the DL carriers assigned to BEEUS2006/019433

nobil e station, the DL carrigers for the serving base

station, and/or the DL carriers for neighbor base
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w8t AFeIFEH SE DT B8 80t FRRIAS, . o
anthidr cafdedris @ed bd fdrythé WMok, bBERY ,anclef daintdran desifnated for the

variation of bit error probability (CVIJBEP), and/or

doymHek. quant ities. RXLEV, RXQUAL, MEAN BEP, and CVJBEP

are bllaﬁc 08851 I [

cel l'u ar cggﬁgﬁg %ocr‘;(gﬂ Syst e%w %a@gc%%ng A@%?oare some
of sthdaé(ygtzémﬁanméis copparel, by ReM.asEhee 1dgingd &0@bels winé aimpped to

is publicl ai l apl e. The asur.e d. .
phiSell happely o M el 0 BETE 18t oMol TOBEA iRk Sigh basic
ph?ﬁ@ﬁt&%h&r‘s Rmrﬁér f Rph9EiBATchRHEIGS Bsfinddl 4Ka SLRRARDIFETDMA

fefers to the selection"of a suitable rate (e.g., code
framgsea tioel ulc&tnmrbes’n‘ldsmhatalﬁ dwithio ok ranigeedf s dd aoda a frequency

PR RoEPRERE b LT o SR e

MeastheeOBM fetiwdrly afalyOuHiZaBFRRESCY Hxéppﬂfgetcﬁxcﬂf@eadwersuy With
enbodi nent, the nobile station nakes neasurenents for
freguencyDloppHIss Rathysisal dareel hopy HEMheRsTisfetostaRisrgR difherent TDMA
g
RS SRRACNT e, FERRRLY hoffing sba @B TR Shey nopig for o»
assigmnm'emrofaans|cragiimr isrdssaifed irhﬂie afarenicatonduel GRA T Sr @nfht With a
.r?‘gorts for al Blé carriers. The nobile st atlgﬁyﬂg¥
SIng 6@8%655%‘5’5% t23 SV OB PhY OB ReeE Ree even
thé harﬁﬁft‘l%[e &{i‘ﬁle@lilffdyl lbeaﬁéédcféir 84t Eﬁnsdu@s,lam Hﬁ'fer&?é EMNIAS ffames.
odi nent, the nmobile station nakes and reports
If ﬁgammpe heppisg fipnotaniliged iberDibe dreghencydwppingrsequance fifdicates the

exenpl a jent, the quality of the DL auxiliary
Sa@ﬁrcgggfi&mﬁnﬁ Yed fromthe quality of the DL
anc hmth@a;ﬁﬁliti&rarﬁél?rﬁes1§ﬁﬂh¢ﬂteda$a fHlaly ®8 sBRYonahSltipledaeria@nth a given
eport measurenments for a subset of the_ assi qned DL
P

TIoMY ifleme.  [Freqyer@r Apppipg donshiaseizamgnt oh mHayDIpegagriers may be
pe%ﬂﬁéﬁ ﬁl%toﬁs fn%ﬁn&gyhp(!m F:félgﬁ'i{/ %@o%ﬁ%ms %Qc% swal channel in

measur enent r eports perlod hever & ang
thanmltiletreiet edignnDbRPpslin thasanmmammplaqfhymeaihﬂxdmmm 8 single-

descri bed abogve, the bi | tatio a DL anchor
catig ARETaeT T RGP CRRpRa: e o s pgrediegt may be
vidWeL & b¥ing %Bh%b&dséfgrﬁﬁﬂtﬂpﬁgas@%nfrﬁﬁtswLlh@l’é ?ﬁcb!péﬂaﬂllfel for a

respectlve Y. I n anot her exerrp ary enbodi nen anchor
single citeies  Br ethaoexarsmaryfavabodireentavthe inviktiple phygieal vhantedy in the

ml?lxl —c%er 'assi1 gIlmCDLt IIcl:aayr l{Opell[l %ﬁ?eargnt manners.

FIG. 5A shows an exemplary embodiment of a frequency hopping scheme 510

in which multiple (e.g., four) physical channels hop based on a single frequency
hopping sequence. Each square box in FIG. 5A represents one TDMA frame of one
carrier. The number within each square box indicates the physical channel being sent in
the TDMA frame of the carrier for that box. In the exemplary embodiment shown in
FIG. 5A, the carrier used for physical channel 1 in TDMA frame # is determined by the

frequency hopping sequence and is denoted as C,(n). The carrier used for physical

channel %, for k=2,3,4, in TDMA frame n may be given as:
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[0059]

operate independently of one another, and the UL

carriers may al so operate independently of one
war@wbhey149 The DL carriers nmay be associ ated w POT/UREO&N19433

carriers so that signaling Ry be sent on each link to

facilitate nmulti-carrier operation. In yet another

T UG AR IS0 loarBrar: caprplay <o haagisy physica
cha{’?ﬁelg h %Ha@ﬂ be)’ B o%gé R LA &%@mtr%;rggnc&nl%ggep%ri}eh a_wrap-

an anc carri eS| ghat ed
axamdwocrcueﬁr Foleexansplaqmyglnalt &tnhels 1tdel 2avnsdpitated BOBR carrier,
The TCH, PTCCH, PACCH, FCCH, SCH, BCCH, RACH and AGCH
physicalschapnels | end 3 pisgicpanated by iwecarrissh 388 @by GSM

chamat e SR AF ErElad ELRRRRER o2 ARG hopring jehome 520

mvwhimhemghtpleb dspc fohy sphyaicak hbarmelsshqe hasear on edifferdnt frequency

B SRl e ool pec g 2, S o IO fume

intiRRGE iRTFI6. 5B. 7In BB ExEmbLAARBSH AP M dWeh ?r?PII(?”SE thBhysical
i ndicates a specific carri'er to use for each

chapegle are] ®DE4led Hyevaaggherbstorpek thed ghangel from TDM@}u@mg/ to TDMA
ﬁgggplng to achieve diversity. Wth frequency hoppi ng,

a physical channel hops fromcarrier to carrier in

di f flar gsnbral BMyubianBsppisy fordhwlapRbHy¥ichinchahfi€ls ie AGYulti-carrier

hoppi ng sequence. Frequency hopping for an assi gnnent
asSIENBR. BaY PP arehiexed s ariqye dnanReiS KT, PBY SFEINET HiREENSGhPPPing
s, O il s LD 62 AL ORGP e B om0 o
ccﬂllintm‘gtth ot ngther el aliceds nmaqollﬁxte WEE dhe phrysitat ehannels assigned to

sion in different. T mes. |.f frequenc
IR Fiefs Dot G Vi O Yo TrC Al hommi s

sequmcgndbngls@@foﬁsmw qlaséraesﬁglerﬂe@éwépar alultiglP¥eeivers. Each
frames. LOOSS Wth a nmulti-carrier assignnment, data
ren@yerbéaS prcoepledrift & isgpagate aniehied, Orinporg t@am/@w TEDNKer may share a

IR s LR AR OPEAG, SOt BRRLANTEN SOk ML EBLE, buse

carrrers na

st It Wdreeﬂib&dlal’@iﬁaﬂalﬁactherpﬂﬁé%&ﬁie sEdtidR l’l\@dy us8 thdse recelvers to
mul ti-carrier assignnent hops in the same manner as

ingrepss (dafa cheonglputi ﬁn%(ors| lﬁgw@c dRtEFTEPtiHs sfugige hendqver and cell
rebdlbRioRX %’H@'rﬁéﬁﬂe%%' Chdfdbldr B6h ds@fvfm%u?se staltlon to a

assi gnment may be Vi el ng conpose
tapges beseneaicn whﬂa irsh ngilfﬁc pdages egalif clrasigedl qlmhtyaofsuhe giuget base

carrier. In other exe Iary enbadi gent s [ tipl,
sipds Befes SR HE PO OAR SIS FTGRE PRerstiiot; GHELHE dhagle sate,
thB@fbbile sehtbh ek erf%ﬁ%fl%eseﬁé&géﬁhoﬁl Qse@ﬁg%@é"@ta%h in the GSM

exenpl ary enbodi nent of a frequency hopping schenme 510
network to a target base station in the GSM network or a 3GPP or 3GPP2 network. For
both handover and cell reselection, the mobile station may have one receiver tuned to
the serving base station and the other receiver tuned to the target base station during a
transition phase. The mobile station would then be able to receive signaling from the
target base station without missing data and/or signaling from the serving base station.
The mobile station may send signaling to the serving base station to inform the GSM
network that the mobile station will no longer be receiving one or more of the assigned

carriers. The GSM network may then send data and/or signaling to the mobile station

on the carrier(s) that the mobile station is still receiving.



[0060]

[0061]

in which nultiple (e.g., four) physical channels hop

based on a single frequency hoppi hg sequence. Each
waouanagsiox in FI G 5A represents one TDVA fr aP€T/0520061@19433

carrier. The nunber within h square box indicates

t he physical channel being sént in the TDVA frame of

t he r 0 | n. di_ment.

e L6 Bl SBBT rlhlE DTRAL Yo EH Mg et

inchanhedrridr ioperhbMA  TlesTenobile Sstaline perfared ball ké@p with the GSM
frequenc pi ng se%uence and is denoted as Cl

h n) .
nepHetkc Bk 2 BeF gpi DI IEF 1Y pianassigRmEnRT mul&p?eac,armers (or

RE, ik rol W2fIR: ke BE MRS blod 6Tt Pring fobhE sation
reptiyed grahssigromnelof ahlensts epacatiedfdyya second dinkint the tSMaetwork
CLO f requen exce en.a w around. occurs. .
(R QR et i oo phe sty e echind T b wplink
AR¥manR1F,ahd fifdk 1inR WS Rahe GHANSAShE s@wﬁd?ﬁnﬁ&ﬁaFy be the downlink.

separated by two carriers, and so on. [0057] FIG 5B

Ththoabile stadge nmhapgehsedﬂtﬁf)w:ithlém GSM aew}‘cmh eniby rmgippl:emgmers for
g TN 25 ol S Pk Setra B R RB g

Sequene earrief ier tardowailinksesy bodegatdied Ay aidoainligRana)r carrier

in each TDVA franme is indicated in FIG 5B. In the ]
thatds psechioysead siganigiroprbaeSM netwark spthe mpedilgisiasion aThe mobile

c V.al i i .
stEAPBEY o e BERRY Bl forydE BRLE BRAIBARNG PHCCH, mobile-
spgeifier fignaling ecpu elne Y ACHTID) sygptdno infomnbiiqyl enpthy SBC@H, and/or other
. channels in a multi-carrier assignpnent nma e .achi eyed
InfIgLeR Serl o fiveddval a“&ﬁ%r Bfimﬁ‘tg)r g)EnF rcéﬂl%rfbégl teoppinkgmay be
dSAMERACRSN JMKNARRINEarHS GHCR (sRato kB Eagmﬁh@aﬁom the mobile

channels for the nobile station do not collidé with

stefirn g dhen 6iSM mgtedko dbe roebitsoktatioe myt herforan whi ssetipl via the
hannel| i gned to .ot her, nohile stati.ons . . :
SRR B 47 b0 o R ek S R RO Spispe tovntnk

~ arfbplisk ahetiorofni@y. hEKE otilenghor @8 W86 hcilfilyPtst up all

[0062]

[0063]

[0064]

receivers. Each receiver may be coupled to a separate
doyrliokpad ugkinkgsrEetshan one recei ver nmay share a conmon

ggt elPQ@kmé?%Q SERCEN YR dg'ig%ﬂhﬁ{e P Lk rr? VRESRSmnners.  Multiple

wniin gnal froma se station. two recelvers
pamket datai blatise mayhbe stive onoiniltiples cafriecn withy titee atdies €requency

receivers. to increase data thr ut and/or reduce
SR SRR DU (e oG Qary Posar Gy ghilt i drames
ol TBiR ¢Lrisd 8lsl QR sHEWn REFI@I4R haneRWRfifIE eRiRrsSiRlohk Tme, e.g., as
base station to a target base station while in a _
showafipiFdGs #B1 er, (G igmultiple frames pgy malltiple atiriess, of., tanehown in FIG.

ARG PR b SRR SR 1 may e
sent with a particular QoS selected for that flow. Each flow may also be sent on one
carrier to simplify operation or across more than one carrier to achieve frequency
diversity.

The mobile station may make measurements for each downlink carrier and may
sent measurement reports to the GSM network. The mobile station may also send a
report whenever a carrier is detected to be lost. The GSM network may use the reports
for carrier assignment, link adaptation, and/or other purposes.

The mobile station may detect loss of the downlink anchor carrier. Another

downlink carrier may then be designated as a new downlink anchor carrier. The carriers



[0065]

[0066]

[0067]

[0068]

the nobile station may performcell reselection froma
serving base station in the GSM network to a target
wha®e/ 133132 i on in the GSM network or a 3GPP or BGPP22006/019433
network. For both handover gpd cell reselection, the
nobi |l e station may have one receiver tuned to the
[ on, ap ed
toP ek iR R Be Tkl e SR R RUFTos PGP R SHIEE Tk pueres
ranki E@rist @by D& dysdetatbdt Bemehearmhbecdrderrie Ch%l dil@reﬁﬂ gieabdi egrier is
fromthe target base station wi thout m ssing data
losknd/ or si gnhaling fromthe serving base station. The

b ' . . Si. : :

ot ot rERhE) hOfbiAE e SRR RAAERAY chibicd B SRIMPA BB of the
dosméitk and wplidk. Mbhd mobie stbigorr mag ipeifogn frequancy topging fort duea sent
on R BE e o g WP ROLPT & QL Tl HapmE sedierce (o2,
as GRéWH B K195, siAl 2%& Iﬂdi‘t‘?plé"ﬁ*éhth&lcﬂl@fqblﬁg‘ séq%eﬁéés lhaving variable distance

recei ving. [ 006 shows an exenpl ary enbodi nent
acesfss ﬁe@mebé%g 6aﬁoshbwm in F&fﬁsiﬁ)t ti ng data in
mul er at tation p.
cal 1egRomle e RARE b moBRTT Y oRelhTha PR RoBRe sation
mdyDiNel Be s¢Rived o fRERE WEE st h @ Ket 6f cditled(d)Tt@n a first base
carriers (or RF channels) for a first link in the GSM

Staﬁl@flvaélfikmm%% ROgHan receRyar ) EFoelest a@qoaﬁ signebiopes segend set of
oA PERELR Shofd by e A hByd, GREIRMallon. The
md)lhke steoion [makyse aﬁdedellwrssmemivd sipikal fwoyn the seitvingipise Hﬂanon when
Al t tivel first Link be .t he uplink, and
nof Tl i P g DR SR S RO o
st atpIen 7efoANg Bk AiArith tdf ahh&efFpMrP %hib@&ﬂfne\ﬁ't af tahﬁise station

multiple carriers for the first link and the at | east
11©r?@d@ampblé¢ stagen 1A et theadawmkak( bt bask seti®n.1100@6 thcoder 710

r for t.he.downl i nk _may be. des nat.ed
recibtin iRe Shier i LG P d i el 3L BN Sis o gmine
adﬁlﬁr@ﬁ%}tfﬁﬁnﬁﬁﬂfé Betivhy beif®sdr@l Bpbideatdiontil0nnd BherheRbide (e.g.,
station may receive timng advance for the uiclplnk

systgr ingprmalionky  ERgoder Gdfy prﬂ%mSe(@;gecwpéeSs ineriaavay asd symbol
t /
g ¥ S, S SRS AR R0 ARE (IO B gt o

vafines logical eltanhels, ¢.pe thegFCEK, BEY, tm:m,sT@HapmcnﬂDaﬁACCH and

A Eb e 7L s ot RSB oo, BRI pbBiel and

gefdrdfel BhrdiBY MS&Jl%fmqglljna}ﬁ ?ﬂlﬂ@pl&k ahd BErsHOWRLI MK M0 Larriers in
uplink anchor carriers and may set up remaining

vagauy Mensersiag.t aﬁesfdmmmu FicSaddh thpdughkdGndhiyansositer @"rMTR) 714

cof AT Rt s M TRiker rEPURSE G b by YPutoayers e

bu@dﬁsl iﬂtﬁgleﬂel\mﬂslarﬂ@“&ﬂhdk WighhI kvhich w athMhiSedRANABtenna 716.
Mul ti
Atpmobﬂe station 120, an antenna 752 receives the downlink signal from base

station 110 as well as downlink signals from other base stations and provides a received
signal to a receiver (RCVR) 754. Receiver 754 conditions (e.g., filters, amplifies,
frequency downconverts, and digitizes) the received signal and provides data samples.
A demodulator (Demod) 756 processes the data samples and provides symbol estimates.
In an exemplary embodiment, receiver 754 and/or demodulator 756 perform filtering to
pass all DL carriers assigned to mobile station 120. A decoder 758 processes (e.g.,

symbol demaps, deinterleaves, and decodes) the symbol estimates and provides decoded
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[0070]

[0071]

[0072]

packet data bl ocks may be sent on nmultiple carriers
with tinme and/or frequency diversity. Miultiple bursts
wo oozl packet data bl ock rray be sent (1) i nPETIUSI0Ps/€19433
franes on one carrier, e.g.y7as shown in FIG 4A (2)
on multiple carriers in one rame, e.g., as shown in

dat'zzilfg'r tﬁleBtraﬁfc c(a%g allu{] sgﬁéxl \Nﬁpie?\t H' érgges &@HR}EH:H p(? ln’?(%bllle statlo 120.

Dedaidalancaw Sﬁl amd deeodee 658 emmyrpetrfoipl denwdntation and Beatdifg Sb:parately
sent with a par ul ar, sel ected for that
forfqastn%%melf PRy LQ @ﬁtds CBFANRS OF S pannef & which the

operation or across nore than one carrier to
bugslct:srhr‘?g\%rxfrequency di versity. [0063] The nobile station
may Omthe upbak urtenehilesstdtiom B4 hn doeeder R0 peocesses traffit data and
. asur enent rep ort to the.  GSM n ivvork. Th?
SIERARRY - ARG TRLG Ro BREC AFEDS L SHb RS omett reports
an& dehdréfes iottyRle URG! fBf Vhﬁ’o@elokféﬁi chahfi6ls SY, ! WOLK FYROCH/U and
use the reports for carrier assignnment, |ink

RA&@HptIétm@;hﬂatahan)furﬁteh@roqﬁsﬁepdhwutppod@tﬂanﬁr&enmmsmrsts
trai?ﬁrﬁ'xttt!ep n7ﬂa¥:ox?<g 181% tllleo%%rﬁgg anlae gﬁ)e\%} § z{ﬁh %ﬁf; El? signal, which is

carrier downl carr

trafl@sitga azieeﬂltaﬁlaéﬁﬂ et asgdtitida H@Cﬂﬁruphﬁk %igﬁﬁls froaemobile station
carriersfor, each |ink may be ranked

lzguagﬂaqthqrév%trl eo%tat&ngr?a? TeSHES (Y. an’fwélar?eléh%@tdﬂecaﬁfé.hyga receiver
739 rf)be%ﬁe ﬂcﬁﬂét&”ﬁzegn@ﬁl PE&! @s‘{@@ch% Q834 o recover
e e f

curre carrier Frequency
thmimapfflc mlgtarmyl stepalimyigepebylesvhigoteleapdtiod. or di sabl ed for

oo GBS R eon s Mo s i 50 LA 110 e
mcrmﬂetsta@ioa 120! fosSchivEQl MerHbNQM i dhd 152S586te AMtadardl pﬁf@éxﬁm codes
frequency hOppI ng sequence as shown in FI'G

forobaspnstatipp|1d0 fané qepbile ptakiop dﬂégfeéﬁf’qméﬁﬁes‘\ peheilngr 724 may assign

C C .sh i
ol T BAESR 98 58 SAEYEE U DR R o
traﬁangsmnbmhe di(ﬁ@rﬂin‘k&ih&upﬁﬂe nmobi | e station may use one
ceiver to receive a first _signal on a first set of

car rlinepq 8 skill dmnihe a1t N@Pldo%f%%’t thaiinferanatiay apd signals may be
|
reRBQLRAT udifs (;%?\}%f tatovarn?ép ¥ed1ﬂ‘ex§ﬁ§ %ﬁnﬁlb%ﬁ‘ angnte@hnlﬁues For

second set carrier roma secon se st at
example, detay insgudismdosenmandsc elfbrmamel eltghals,nblts]'lsgmhdbj bred chips
tatiqgn use all receiyver ecelve Si from
i g, gD CPugh e Ho e TR BY R i cFpresented. by
voﬁ@%ﬂs eé’lﬁ“réi‘ﬂté}l 'éﬁf:trblﬁﬁ@iéﬁb Ribve@ TR REtE BERI 68 paitRE Sbﬂtiéal fields or
shows a bl ock di agram of an exenplary

Pa@wb%dom’!tcombnam@aé@rmfatl on 110 and a nobile station

%ig THH8E JFNGrd %lé %ﬁh? a;pp?‘gmatﬁtt%%t it %&gcms ﬁlugtrgtwe fogical

blocks, modules, circuits, and algorithm steps described in connection with the
exemplary embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illustrate this interchangeability
of hardware and software, various illustrative components, blocks, modules, circuits,
and steps have been described above generally in terms of their functionality. Whether
such functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may

implement the described functionality in varying ways for each particular application,
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[0075]

receives traffic data and signaling (e.g., carrier and
time slot assignnments and tim ng advances) for nobile
W@ e@bilzig9 bei ng served by base station 110 andPCwEsiveaos433
data (e.g., systen1infornath n). Encoder 710 processes
(e.g., encodes, interleaves, and synbol maps) the
f.] ta,. signali d
bl IRl R Py R SRR 3 ol geparure from
theso@pe of the préselrt, inféddonBCCH, TCH, PTCCH D, PACCH and

AGCH. A npdul ator 712 processes the_output data for )
t he Thsgaqusc HbwHa picahhleriar daodilessiand mpeHis adeeribed in
. . | o o .
cof RN ALR oI Ll B 0 e o
pedGrmedl twithn anperteeal - pLiMER) prédessaorddigitah sighel grocessor (DSP), an

converts to anal og, amplifies, filters, and_ frequency
soRfSARD sPecfc feerBe SEEth s Eane fslBOR BT RRE Bray (FPGA)
or DR Ogrﬁ‘ﬂrﬁhle' 1BgicRORE] &igcf%gtevga?e &"‘trﬁi@fs?di“’lg%iz,ltﬁscr@te hardware

[0068] At nobile station 120, an antenna 752 receives
compeneidsiri any eingrindtionr iheneph desigiedt togperfond the fumdtionaiglescribed

ownljnk si.dnal s from ot her base stations and..pr.ovides ..
neflteec B e o8t D DER e i 00s HBURY afRacte
the/ péocesdofl intdyds afyec@hventidral @fceessafdonfroBs:, nfiéO6d@ALKr, or state
downconverts, and dLagSi tizes) the received signal and

MIhEE: des PHRRCESOS JRPY dso e dewlamaniadops @DefmbiNatieyp of computing
e SN l.e d..pr Qi .
e o Mo e P ol A ERpREROL, o gluralty of
migrotaressbesymoia loa nore TiaGroperckwoms i dohpmetign withpaBSP abte, or any
DL carriers assigned to nobile station 120. A decoder
‘“W%éuﬁ} CUEIOe "y, | synbol denmps, deinterleaves, and

decogRSskeps i 2SHEROH of BllsbAME 8esRABePiMndEfiodsRd gRlAAEAplary
for the traffic data and signaling sent by base

engiodimens disolosed hersin aagthet ¢robodied dirBshyothuhardwarey 56 aasodtware

oder. 7 na erform denpdul at.i on.and._decogdi n
m0 S Soured W Vo oMk PPEpahof B RRRF 6 rA sPvege module
mAEi®d Sn RAPLNEemOryo fldshem@RvAET ROM Wiklry, NEPROM Ufiemory,
are sent. [0069] On the uplink, at mobile station 120,
EEFR @Mc Bgmoryz zogistess gtk diskr aremevably diskng -8l agany other
| Oy S t
Fol g e M o A R AREE B ol B Pupled o
they proceaser suwehi thatl the psocasbs careregd infoheatioGHromR T tteainfbrmation

. | 2 furth h
1o H4E S1o4pF e st e thE SRERP drapury sy bE Hicgral to the

pr&6QBEHrt IMRSrbEBsRUmatife 8BFhot SRR @ S8ayRsidBlih BK Ad1@Nathe ASIC
which is transmtted via antenna 75Z2. At base station

mayl@side e awset taknisplg nfalthe pltwnatinsbitieepreteasdrend 1ix0starage medium
her ile stations are received by antenna 716,
e sioe Poriacreisy BieBlls S vl corsed by a
denorhel édbus/ddcrigivs dfulid fieslogpdasemnphely badigraRdeprovided to

734 to recover ) ) ] )
enable any person skilled in the art to make or use the present invention. Various

modifications to these exemplary embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be applied to other exemplary
embodiments without departing from the spirit or scope of the invention. Thus, the
present invention is not intended to be limited to the exemplary embodiments shown
herein but is to be accorded the widest scope consistent with the principles and novel

features disclosed herein.



the traffic data and signaling sent by each nobile
station. [0070] Controllers/processors 720 and 760
wa@lpeoearsishe operation at base station 110 and P@DUE®06/019433
station 120, respectively. nories 722 and 762 store
data and program codes for base station 110 and nobile
ti respectively. A scheduler 724 may assign
WHATI‘%%@&@&%H time slots to nobile stations and may
schedul e the nobile stations for data transm ssion on
t he downlink and uplink. [0071] Those of skill in the
art woul d understand that infornmation and signals may
be represented using any of a variety of different
technol ogi es and techni ques. For exanpl e, data,
i nstructions, commands, information, signals, bits,
synbol s, and chips that may be referenced throughout
t he above description may be represented by voltages,
currents, electromagnetic waves, magnetic fields or
particles, optical fields or particles, or any
conbi nation thereof. [0072] Those of skill woul d
further appreciate that the various illustrative
| ogi cal bl ocks, nodules, circuits, and al gorithm steps
descri bed in connection wth the exenplary enbodi ments
di scl osed herein may be inplenented as el ectronic
har dwar e, conputer software, or conbinations of both.
To clearly illustrate this interchangeability of
har dware and software, various illustrative
conponents, bl ocks, nodules, circuits, and steps have
been descri bed above generally in terns of their
functionality. Wether such functionality is
i npl enented as hardware or software depends upon the
particul ar application and design constraints inposed
on the overall system Skilled artisans may inplenent
t he described functionality in varying ways for each
particul ar application, but such inplenentation
deci sions should not be interpreted as causing a
departure fromthe scope of the present invention.
[0073] The various illustrative |ogical blocks,
nodul es, and circuits described in connection with the
exenpl ary enbodi nents di scl osed herein may be
i mpl enmented or performed with a general - purpose
processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a
field programmbl e gate array (FPGA) or other
programmabl e | ogi ¢ device, discrete gate or transistor
| ogi c, discrete hardware conponents, or any
conbi nation thereof designed to performthe functions
descri bed herein. A general-purpose processor nay be a
m croprocessor, but in the alternative,



t he processor may be any conventional processor,

controller, mcrocontroller, or state machine. A
wWpeweasdder may al so be inplenented as a conbi NECT/U82006/019433

conmputing devices, e.g., a nbi nati on of a DSP and a

m croprocessor, a plurality~of m croprocessors, one or

nore m Ccroprocessors in ¢ﬂ{§ﬁg§l on wwth a DSP core,

or any other such configu [0074] The steps of a

nmet hod or al gorithm described in connection with the

exenpl ary enbodi nents discl osed herein may be enbodi ed

d| réctIyAThaHP&F%HWPY}SWga sof tware nodul e execut ed by

PrPf&asSiHe pr (Puﬁ%'eséo? tdare%&qp LR %sll %ﬁﬁfﬁg{ﬁg@%}&\fff%@ﬁm for a first link

softmare no reside in
in ner@iopal Bdeume foar MobEE’%nmnma;ionsElBBSM\Yl n&worlky, to receive an

ssHRIITL R 2t Gk O SUSiar Actienn Wb 1 DAY FHorknand to

exBXRBP ldafaYw Bl SeAGSMMRANHT ¥i8 1ELHA tﬁ’ﬂje ERrit B FoPBTRSSIRIK and the
such that the processor can read information from and

at \gasttameicafrisr fertthesecond linkieindt or age nmedi um I n the
alternative f] thg rred um e be integral to the
pr o8&y dﬂ‘fB egﬁ% & i EHE St or age nedi um may

reside in an ASIC. The ASIC may reside in a user
term nal . I n the alternative, the processor and t

st ordage eI anpRTAP Pfedlpig 1a ¥ haredt sy @S&bﬁbdﬁérﬁ@vrﬂlﬁkaﬁnd the
segﬁﬁﬁxhﬁéghHQﬁm«%QR?ék#gﬂngﬂ?V'OUS description of the
ose exenplary e

iments is provided to enable
any person skilled in the art to make or use the

present ipnvention. ous nodi ficatipns . to.thes
Ecerpl ar yT i DRTAEN G ST - RV EAGTF Yoo Bl &he ghink and the
se&&m&ﬁghldb%hhl@lﬂtﬁgCﬁﬂ\’lne@ﬂﬁ‘kt he generic principles

defined herein may be applied to ot her exenplary

enbodlnents wi t hout departing fromthe spirit or scope

of t ention. ese Ygntion

"t éhded M BEAIN ?gﬁla{’%%ﬁ’@w&?&&%ﬁ: afy 63&%8‘6% P%Péﬁ%sgf receives
mEfpIMNpRKEE HAtaBIbclisSord Ghdd enud§s1O rodabrd |Tf@r Wed@SinIHkORR receives

consi stent with the principles and novel features

myitiglel tygg om epeeastigaTeashof fhavrpketgaty Honss- 1. An

apparatus conprising: at |east one processor to
recei ve an assignnment of nultiple carriers for a first
i nk5.i n aTKe ayiparatSy st elairh A, Wﬂﬂﬂélh&h@&ﬁﬂﬂﬁﬁﬂ omd bfmchsor receives

GS net war Kk, recej ve n a nt of
mlg,x'HB{\é’i:B?ﬁiFfe FlatPo‘i‘lOé( Sset % my S 2 ‘fl‘i% Q%men@i’%ﬂif’ﬁ‘ ang, geceives
mbRpRAARANER tfi@%@itl}ﬁlletéaxﬁéi‘@ln%ffh@ﬁé’\f& Kactl oF thSacii dakPbiBcks.

carrlers for the rst 1ink and

6. The apparatus of claim 2, wherein the at least one processor receives
multiple packet data blocks on the multiple carriers for the downlink and receives
multiple bursts in multiple frames on the multiple carriers for each of the packet data
blocks.

7. The apparatus of claim 2, wherein the at least one processor receives
multiple flows of data on the multiple carriers for the downlink, and wherein each flow

is sent on one carrier with a quality of service (QoS) selected for the flow.



at least one carrier for the second link; and a nenory
coupled to the at | east one processor. 2. The
wappanztis of claiml1l, wherein the first |ink PGI/HS2006/019433
downl i nk and the second Iin? is an uplink in the GSM
network. 3. The apparatus of"claiml1, wherein the
firgt Ii i s _an uplink econd lLink is
dowfit i nk 1R aPP]%até% Qatl%af he&eqn%egtgs% é L processor sends data
on dnlMQibedtdf tiltemakipleastierd e the @slaksiala gﬁ%&taneﬁussmn 1nterva1
mul'ti pl e packet data bl ocks on the nultiple carriers
for the downlink and receives nultiple bursts on one
car i er f ot c
appar at ud 5y BBd R, of HARE 2 ELicREDS, B B Fuile Eifers for the
dowhligle $s O¢sigrace aes dowhlinip bechpackeier daddatd Iseﬁmlksgt[ahng Heom the
multiple carriers for the downlink and receives
G petvrk thg ropde 83tiohe nul tiple carriers in one frane
for each of the packet data blocks. 6. The apparatus
of claim2, wherein the at | east one processor
r ecde es Timl Etpippniaelspa“cchdeinn Qatwdetslino thes atobasth@qmnowqgmereceives
ri.ers f ownl i nk _and. recei v
tnfiRE a1 1GF i e o et 1F g nEr Pt U fo Bafi Snchor
ca@fert he packet data bl ocks. 7. The apparatus of claim
2, wherein the at | east one processor receives
mul tiple flows of data on the multiple carriers for
t he ,downl4, nk i N o€ n
car rlﬁér v?n’*htghapgggglg%}‘tsélgl@ 9é g\?%r%ﬂé% 2 eSAEt ?reggh?or receives
mdbik-spkeific Signdlie: fap fiermashike sodtionlfeinmil, damhmmklancltdn eaier.
| east one processor sends data on only a subset of the
multiple carriers for the uplink in a given
trangm sspn, #)IBHrﬁﬁé’ adf. cﬁimﬂﬂﬁ Q\H}Qﬁﬁ@tﬂ’l@ Robd- gbéﬁf?o signaling
wheréin one of the multiple carriers for the downlin
coimpridess agjmatdet gasents divnnpackets aaemh @n tbar uplank, usssgraeo asmgnment
send S|&)alln f.romthe GSM net 9 a wobfle
MESFREP IOV 8%%#%%5&%%@&%08 UM the at
| east one processor receives timng advance for the at
| east one carrier for the uplink fromthe downlink )
anch@r calhei apparagus, Ofﬂiéﬁa%,pﬁh@?msthéfat ¢9a8lj PREOPTOGRFEPTECACIVES &

paES:lQeg nt%{mnlgg ?\;an s? cog{r&g%ﬁffh%r f’%rfr%‘)?héa%g fs:orr:]%&d control

chafe (PACAH) bathe ch;vnlfﬁﬂtanamaaﬁtens of claim 11, wherein
t he nobi | e-specific signaling
14.  The apparatus of claim 9, wherein one of the at least one carrier for the
uplink is designated as an uplink anchor carrier used to send signaling from the mobile

station to the GSM network.

15.  The apparatus of claim 1, wherein the at least one processor exchanges

voice data and packet data with the GSM network for a voice plus packet data call.

16.  The apparatus of claim 1, wherein the at least one processor exchanges
voice data on one carrier for the first link and one carrier for the second link and moves
the voice data to other carriers for the first and second links, if necessary, to achieve

reliable exchange of the voice data.



conpri ses acknow edgenents for packets sent on the
upl i nk, resource assi gnnment nessages, resource

WO 20088331ghnment nmessages, or a conbi nati on t herBOF/US286/019433
The apparatus of claim9, rein the at |east one
processor receives a packet "Ti m ng advance contro

channel cke : | ated .control

Charel OBRGR B RARCK P ABA Bk A PSP Pl exchances
voibBelaappiali &eUSSMIf netwaiknorthe \WoehBhI afiher OArrithenddxch&@sh packet

one carrier for the uplink is designated as an uplink
dafgrigify e GrYingtwork 98 reigaiggg o gk CRRETS r om t he nobi | e

station to the GSM network. 15. The apparatus of claim

1, wherein the at | east one processor exchanges voice

dat d8and Thacipphratatcd ohitthl4,hehdBSM thetweakt dnerprecegsirqerforms

| us packet, data call .. 16. The apparatus of claim1l, .
cafl e Vi {in ok e Sk Uil DL Gars BRLIRh G RO E Ciriers for
théfj@&%lﬁﬂk #A%phAk V1a®h ik niidieardd L{p%k 'ahéﬂf)r andiegne carrier

e
or the second |ink and noves the voice data to other
carriers for the first and second |inks, if necessary,

o2 A P2 B B8 et

meAKDEHSHO Torfoueh P GRSmBbRE afkadra foM thd ddwiglinESMdanehdahkasBfment
the downlink anchor carrier and exchanges packet data

reRgrisHor the mudiipla surpisro e FENMBRHIVAEK downl i nk carri ers.
18. The apparatus of claim 14, wherein the at | east
one processor perforns call setup via the downlink and
upl i20k arftheappaatusiof chi@arty vheten the atdemt onaprocessord dateacts loss
for the . downlink and uplink via t downl i nk and .
of (ff FhRSlifle Aothor AroiteaBs sets rBe M RFHRt R Fibigeripn that the
doWABRR hicHob Baer 8BS aNEhBLACERARYE 0RPbAIHRShultiple carriers for the
nmeasurenents for each of the nultiple carriers for the
dogmlink isdesigneted end sewwlawntiekemthor epoet.s for the
multiple carriers to the GSM network. 20. The
apparatus of claim9, wherein the at |east one

pr ocgssoIThdebpahts boskim D0f WRerd@Wh¢ WitkipMIEAErsFar tht @bwnlink
and sends to the GSM network an indication that the

arg AP e dawberein & Aighewrrapking satrier 4 desiprated ps Higordye downlink
.the multiple carriers for the dowlink is
ang‘gbgicg;r?g%'ed as a new downlink anchor carrier. 21. The
apparatus of claim 20, wherein the nmultiple carriers

for the wnl i nk are. ranked, _and erei n a hi ghest
r anki'ng g'gﬁﬁrfip@?faf% Fedrigh 1r emean mz?eatdsw 6 9GsRsOr performs

fre0&RIT hdpRirlg B -data sent on the multiple carriers for the first link based on a

single frequency hopping sequence.

23.  The apparatus of claim 1, wherein the at least one processor performs
frequency hopping for data sent on the multiple carriers for the first link based on

multiple frequency hopping sequences having variable distance across frequency.

24.  The apparatus of claim 1, further comprising:

a first receiver to receive a first signal on a first set of at least one carrier from a
first base station; and

a second receiver to receive a second signal on a second set of at least one

carrier from a second base station.



22. The apparatus of claim1l1l, wherein the at |east one
processor perforns frequency hopping for data sent on
w0 b@otred1sd pl e carriers for the first |ink baseRCHOS206/019433
single frequency hoppi ng segyence. 23. The apparatus
of claiml1l, wherein the at [east one processor
perforns frequency hopping for data sent on the
multiple carriers for the first link based on nultiple
f r e@sencyrhecppirags 9€ qlagmn Qds whevelnlie Viadtiaal kecofld $écrNess receive
across frequency. 24. The apparatus of claim1, )
the first ped secons sigapls drony thye) fist anderegpndbase stafigpspireapegtively, during
j j @ first set of at |east one carrier
l“@?%ﬁ%gF#ﬁﬁggﬂﬁggﬁ'station; and a second receiver to
receive a second signal on a second set of at |east

one gcarriegr fr%m a second base station.25. The
appafat us® BENOLLOMPEAINEher ei n the first and second

r 8CeLARVifig bR @S ¥EndM®f huifhle RABiSEFR A IAR!if ol GRBA System
the first and second base stations, respectively,

foriMiobHe Coamaimieations (G¥VI) netewdk;ect i on. 26. A met hod

CONMpLi Si.ng: receivin n_assignment .of .nultiple .
car RTETANE g ETRT A 1 RE i A1) SPean 1 ko g OSM
neSessmdcat i ons (GSM network; receiving an assi gnnment

of at |least one carrier for an uplink in the GSM
net SEhangiigd daRc Wi gihegCaM aielivenk vide thesmubétouorakriss for the

dolGiniuhd el 8168 drle Sh ek E& tfx@ﬁ)l link and the at
the uplin

| east one carrier for . 27. The met hod of
claim 26, wherein one of the nultiple carriers for the

down.i nk _i.s desi gnated ag_a downlink anchor_carrier

oot o R METGA T 26m EHEMCERA Abfiro IR Gariers for the
doRRiihk §s FEAEAMY 28 dovRARNRRORAE Blrict! RbAS fend YEAAIRE from the

conprising: receiving fromthe downlink anchor carrier
G¥¥Mmehgorkideo amedile gtatiphe at | east one carrier for the

uplink. 29. The nethod of claim 27, further

conprising: detecting | oss of the downlink anchor

car rager ; BRtn&bodbNgaih027, Herkesbbimptivigk an indication
that the downlink anchor carrier is
receiving from the downlink anchor carrier timing advance for the at least one

carrier for the uplink.

29. The method of claim 27, further comprising:

detecting loss of the downlink anchor carrier; and

sending to the GSM network an indication that the downlink anchor carrier is
lost, and wherein another one of the multiple carriers for the downlink is designated as a

new downlink anchor carrier.

30. The method of claim 27, wherein one of the at least one carrier for the
uplink is designated as an uplink anchor carrier used to send signaling from the mobile
station to the GSM network, the method further comprising:

performing call setup via the downlink and uplink anchor carriers; and

setting up remaining carriers for the downlink and uplink via the downlink and

uplink anchor carriers.



| ost, and wherein another one of the nultiple carriers

for the downlink is designated as a new downlink
wapwhorsigarrier. 30. The nethod of claim 27, WhEr/E52906/019433

one of the at |east one carrjer for the uplink is

designated as an uplink anchor carrier used to send

sig fromzhhe nmobi l e station to the GSM network,

t he TR TS COEH%% M ng: performng call setup

via Iﬁé’a@s demvddeMing Bl d4pilchmbkntabe hoiltislardatr®drs foldBHownlink in a
setting up remaining carriers for the downlink and

Glebfrluﬂwtem r Mpbilg somrpeicaivas (BPMhretpskior carriers. 31.
AN 3pnak q{)lulsefc&gﬁ({é[ Ar F&gggn{gﬁ?gf af %r ast’ &feeéa\fhﬁgfq?% uplmk in the

assi gnnmen arrrers a down
GSMokealorkyatdem f or l\/bb| | e Conmuni cat i ons (GSM net wor k;

means for. receiving. an assign t of | east )
car rEA0s £ exg awgg ﬁ@talVYﬁ} Wg HeeY Yéa tléq.]amﬁg:i%gamers for
thd @éwﬁi&ﬁé“cﬁﬁﬁ@ih@& 164t ané%a&ﬁeﬁttaﬁh@%yhﬂet work via the

multiple carriers for the downlink and the at | east
one carrler for the uplink. 32 The apparatus of claim

n one t.he . e carriers for
Gonil el e BBGBh Ar L et B ol Epgjers for the
dowseielk 9 deggthted gNaldoRalifk amtdieatsMu3ed W kénd Qgaling from the
mobi l e station. 33. The appar atus of  claim 32, further

G%M%FW@M@M@%@%I@? recei ving fromthe downlink
anchor carrier timng advance for the at |east one
carrier for the uplink. 34. The apparatus of claim 32,

fur t3er Cmﬂmppmmgofnmmsszmﬁhdeioﬁqirish@ | oss of the
downl i nk _anchar, carri an ans for sending to the
M TGSV i e AR 2P0 TR ke for the at

1eﬁ@5ﬁé(edﬁné§o}@l§tu lifnd wherein another one of the
mul tiple carrlers for the dowmlink is designated as a

new downl i nk anchor carrier. 35. The apparatus of
claigp 32, wherein o of ,th t least.one carrier for
t he 3H)pl i e agp%fg{glisgﬂglta 3%ﬁgﬁeruc8mpﬁll§ Wenchor carri er
USetndas S8Rt Rt BOtht ABWNMEanBhb} Erisl @hd On Lo the
GSM networ k, the apparatus further conprisin nmeans

f or TPRADS 6‘anﬁeﬁém§ép thes @SYp n¢tvwerl AR infbeation rikatg @dgwnhmlkanchor
cafi 9 rlos‘%,aﬁr{d @hreif Bbther one of the multiple carriers for the downlink is

designated as a new downlink anchor carrier.

35.  The apparatus of claim 32, wherein one of the at least one carrier for the
uplink is designated as an uplink anchor carrier used to send signaling from the mobile
station to the GSM network, the apparatus further comprising:

means for performing call setup via the downlink and uplink anchor carriers; and

means for setting up remaining carriers for the downlink and uplink via the

downlink and uplink anchor carriers.

36.  An apparatus comprising:
at least one processor to assign multiple carriers for a first link to a mobile
station in a Global System for Mobile Communications (GSM) network, to assign at

least one carrier for a second link to the mobile station, and to exchange data with the



nmeans for setting up remaining carriers for the

downl i nk and uplink via the downlink and uplink anchor
W@ 2006/12%149 36. An apparatus conprising: at | eaBCT/O82906/019433

processor to assign nultiplegccarriers for a first link

to a nobile station in a G oObal Systemfor Mbile

| cat.l ons f t j t Least aone .

BB il oIk pEmel OB P B FER! offrer o
thd secend hangaddata with thenobile station via the

multiple carriers for the first link and the at |east

one adBfPPRYrcoppled tp thegs legpiPrePERCeS®id a menory coupl ed

to the at | east one processor. 37. The apparatus of

claim 36, wherein the first link is a downlink and the

secdid | iThHe dppaatusugd] dlaiky 3@ndhanbiartbe firseimkat at dwvnlink and the

multiple carrjers for the dowalink js designated as a.. . .
sl S 5 Phetey QRoF e dBHIPIA AR dG Mediavilink is

debiBRarbPM RebWAlikk hcHoPaRPhicd Bisthd & al3f; frdtl&he GSM network
apparatus of claim 37, wherein the at | east one

to gheoweisostatimnds ti mi ng advance for the at |east one
carrier for the uplink on the downlink anchor carrier
to the nobile station. 39. The apparatus of claim 37,

wher3gi n the gipal#asbf eREmPINCREEeH theCAi a8 dneOpfotdiSor sends
nmobil e station an indication of |oss of the downlink

tinging [pdyancs £o1 the at gAY opp ericr farrtbe HRlinlkoerethefdopymdink anchor carrier

ol LbblEesri ers for the downlink is designated as a
Oneﬁbdggﬁiéﬁﬁ anchor carrier. 40. The apparatus of

claim 37, wherein one of the at | east one carrier for

t he li i s desi gnated an uplink anchor carrier .

usedto oRIRORGHS &ﬁ‘g}m 3 PhETRolbF 12 Ienope Aregsspheceives
fréapNhO ehdRIeK sta @B WNBERLTA BE 188 AR JONELIEN &R ﬁfarrier, and

perforns call setup with the nobile station via the
whtwein | anatbennde op theniubiipdd oarriersr fior élresdownlink is designated as a new

downlink anchor carrier.

40.  The apparatus of claim 37, wherein one of the at least one carrier for the
uplink is designated as an uplink anchor carrier used to send signaling from the mobile
station to the GSM network, and wherein the at least one processor performs call setup

with the mobile station via the downlink and uplink anchor carriers.



