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WD 2005/ 067171 PCT/ US2004/ 043056 MULTI CARRI ER RECEI VER
W TH ANTENNA SELECTI ON AND MAXI MUN RATI O COMBI NI NG 5
wazwbiéal Fi el d Enbodi nents of the present i nREHUSIM/043056
pertain to wireless electronic comrunications, and in
sonme enbodi nents, the present invention pertains to
ort hogonal frequency division nultiplexed (OFDV
MUL COURRBERC aEComver dOrHBackayns USELEMRTON ABD emuxdingi RAaTfIO0 COMBINING
comuni cation systens, including wireless |ocal-area
networ ks (WLANs), are using synbol - nodul at ed
ort hogonal subcarriers as a nodul ation 15 schene to
hel p signals survive in environnents having nultipath
reflections and/or stro i nferference. Othogonal
f requency-di vi si on nul tﬁ%h&éﬁhgl—gfe DM is an exanple
of a multi-carrier transm ssion techni que that uses

synbol - nodul at ed orthogonal subcarriers to transmt
i nfEmbaedimentswif the present mventicalpestagpiootiraless elavéropicobl em

with n AN receiver.s, ingluding.OF receivers, Js
confcAPRBY, ShI4h SUE PP By O HESSF TSP porains 10 orthgonal
freq@eidyl divisiini RtipRxEO(OFBM) @binhtimi@tiogdannel s they can

receive as well as the bandw dth of those channels.

This | eaves such receivers inflexible as to tradeoffs

bet ween t hroughput and r N receivers,

i ncl udi ng OFDM receiversgggg%%ﬁpg be able to receive

bot h | egacy channel s, such as channels in accordance

it Institute of Electrj.cal and El ecironic
Engitreredemisisiial commiaieation s fieTide fursslocgerea
netWb:#€ PN A N 2618 @kidig s PhboILgbdi 18 YaRBEEnaPARYCAk1e s a modulation
These requirenents make it difficult to make

schemextpdsiip sighals wawivetin eovigtmsentsshayineamykipadigpBeqtigns gnd/or strong

e RO A M H AU P A0 or

multinatrisitagsmsson tethajqua titht iedsisgohbobinodolatadrorthapomed sedaiiers to
Si gna S that &Eovi de flexibi]ity between throughput

trangipg NIQHRRNIWREIRNE 2VaIALIC SRECHWHS/ 067171

PCOASAE0RAOARR %ﬁn?WEAN%ééi{?érE’,tihaﬁdﬁig %lftgl}@‘téﬁée%&ﬁs that they

The appended clains are directed to s '
are \raited by themblesdiiwanetconBguratien asgo deeprrticylorceitanngls they can receive

wever, the. detail ed, description presents a re,
as weD S Y norke Wi Gir Blosk Ensifet TR AGRePhRAT e s eFible agyto
trad?@ffﬁlbﬁt@v@éhmmh@lghpﬁﬂl eid kd@ﬂi@? WIDAN Qedeiadrs, Qﬁblu&il;lclg ORDM receivers,
P LRI R —

Institute of Electrical and Electronics Engineers (IEEE) standard 802.11 (a), as well as

wideband channels for high-throughput operations. These requirements make it difficult to
make tradeoffs between throughput and range, especially when operating in high-
throughput and/or wideband modes. Thus, there are general needs for transceivers,
including receivers, and methods of communicating OFDM signals that provide flexibility

between throughput and range in WLANS.
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FIGs. 1A & 1B are bl ock diagrans of a receiver in
accordance with sone enbodi nents of - the present
WO pwéneiion; 10 FI Gs. 2A & 2B are bl ock di agr anBCTUS2004/043056
recei ver in accordance with sone enbodi nents of the
present invention; FIGs. 3A & 3B are bl ock diagrans of
a receiver in accgfigameRrivliédoSBeBrawiHeedi nents of the
present invention;, and FIG 4 1s a flow chart of an
OFDM si gnal reception procedure in accordance with 15
SO e ' . iRV ' Al |
e e L DR
present institidre Hopeoer, tlmbmmgidamipﬁiolmlbrdgb:&s azﬁ)rb ReRIPlete N
ufficiently to ena those .skilled. ,in the ,art . to .
s e et THCPL BABRaP TR AR PhE ConSiared i connection
witB fHeUsduEsdivhet Rk efer8A @ THubltRR ref IO GRTRr itBRAd ﬂS}Bﬁﬁ{out the
changes. = Exanples nerely typify possible variations.
figuresingi dual conponents and functions are optional

unl Lel tly, required, t.he . ce of.

opeicy EARE LBk MobR dHelif ordNed e i SEFRGS S ity some
emignidaehtsonths piggntiavémivhyided in or substituted for

those of others. The 25 scope of .enhodi nents of the

i nVidkisi oh SeABsEpblosk diagransiqfja reggiysrn a¢cordamce mathemend
: j W gnts of those clains. Such

em@%%g?ﬁ%{hg%%eﬁﬁeb%ﬁ{%h“ on may be referred to,

i ndfldsd3Aal& §Bare blotk dimggranes| of a rhegieirnn bgcordemce evithh some

"igaventipn" nmerel.y for conveni ence and w thout
embitaty R e ST SRURYEROR 1 it the scope of this

apHIiGE atis 9 Aotvachartyof ah MHDMIsiphaNtecitionGiroddMed ini aéordance with

concept if nmpre than one js 1 n fact disclosed. 30
somej egbodjmengs aighe presgnt ipyenkiops,  and FI Gs. 3A & 3B

illustrate sone enbodi nents of various receiver

configurations in accordance with the invention.

Recei ver confi gurati demilk@esérigion 1A & 1B), 200

(FIGs. 2A & 2B) and 300 (FIGs. 3A & 3B) may be part

of a wireless conmunication device, and they may

r ecmevf@u@wtﬂgqg:@&giticﬁlraﬁa R Writwin Q208 R/ PEié bmbodiments of the
. PCT/ US2004/ 043056 di vi si on nul t1 pl exed (e. % , OFDM
invensemsaificiantlyno shapieithose shilledbindhe b bpreeigesthemh@ther

i : o . e

el BEAAE 3 el AR 45 EIPORKEL A QIREL S hanges
Exapipdssnatrelythpi finpositde darddiwnsn dhdiniipacanmyonsats ané figictions sre

subchannel s, . The subchannel s may be frequency-di vision
optieRlmsE % lcetiry Batied pad HheaRHCS Of PRETRAIIEIYaYREY rhajtions and
featBfes W bithOeAbOdialatsehd) NedcfSHHERSYbSREEH TolthostE olthers. The

subchannel's may conprise a plurality of orthogona
scoprubiceamtradanents phths deresnt b catiommassss thenisll antbitogfdhetlaims and all

avalzeﬂaﬁg gtit}rl}llaz%@s 8%&1%5%%1?@5}92@5&1' en%cydil?lgnt(s: Io t?h%l ifvet %%%jay e[%M‘erred

to, individually or collectively, herein by the term “invention” merely for convenience and

without intending to voluntarily limit the scope of this application to any single invention
or inventive concept if more than one is in fact disclosed.

FIGs. 1A & 1B, FIGs. 2A & 2B, and FIGs. 3A & 3B illustrate some embodiments
of various receiver configurations in accordance with the invention. Receiver
configurations 100 (FIGs. 1A & 1B), 200 (FIGs. 2A & 2B) and 300 (FIGs. 3A & 3B) may

be part of a wireless communication device, and they may receive orthogonal frequency
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orthogonality between cl osely spaced subcarriers, in
t hese enbodi nents, the subcarriers of a particular
waawshemnel nay have a null at substantially aPCEE$2904/043056
frequency of the other 10 subcarriers of that
subchannel . Receiver configurations 100 (FIGs. 1A &
dmsﬂe%)muﬁeféxéﬂe@s ORBM) cdBImatichtdaGignaks| mon&»oelﬁbcaﬁhemythe
be reconfi gur able multi channel recei hat
recei@s arayireesiye andpEPM Bagkat ‘F%@MVWY@E&%‘% gym é"§ era
Wldegaquc%r nﬁ}ﬁéaec% Ao Oh e WidEFandl B Mﬁlay%@ﬁﬂ)ﬁ'sg@ﬂé 8r more
rconfiguration 100 (FIGs. 1A &1 may sel ect
subchamd@rThms‘mkcﬂﬁna]stmyriﬁsﬁiqmm}adlwi&mamuhgplmd {1t dephiaged in

di v antennas to receive re than gne nnel
FreaushO A AU D PET BN G R PR ™ oD N g rcls may
comﬂﬁ%ﬁ aQfurR By ot g0 seHREFREN O Sb N e oditdentEDthel oaﬂh@ gonal

subcarriers fromthe two or nore_antennas,

and
subcarrintgl of aGEDMasyetaty beaglossdy shaced QFRM Slllbcémers "o achieve
orthq%\%gettlétl}/ %g@‘fegrq gln tsélﬁllga&ﬁl &?IE&Q N n%ese ERBEHNRA O Yhel sjﬁﬁcarrlers of

diment's, réceiv
a par€ioitht glbbbdﬂn@hmajz)ﬁa@(h ] fisubdntilgB)centy fneqwcy of ﬂmcﬁher
t han one s han of a wi deband OFDM channel wth a
subcayrige o 1ected froma plurality of spatially

di A '100 ‘PN&'T[B SOGHIGE PSS IBIGAH'BE0
co%%’r urrg?ﬁﬁfgégﬂsoézg 3A & 3B ma3 receive Zamm ngl e

(FIGs.R¥c &a}&)anay\m tecomfiguratia mudtichanne! eqsiversihpt may selectively

atiall e ant 200
orerd bl B PIETART ERETRR oL o some
emb&deRtks; ﬁ@ﬁv&r@bﬁﬂgmﬁ@ﬂmo @16s 20 geti) meyl seﬂycttthe or more
di ff erent ant ennas.. I n_accordance wth, sone

antergigh Senhpluglity eEatially GRISE gRicaRISIALCCEH TpRrdRan ¢k g
subctidRhel S wlde njg%?i Igl\ftl*?a%%}elaﬂ'ﬂ%cﬁﬁtgn(rgﬂlﬁem@tﬁné mB) b&Pdformed

recel ve sy carriers in accordance
on carrdshonding syroheimadnbaed sibearrispdiidathotvessheemstagas, and a

sl d Ry PhoEt B R FpE BB G B2

recelkzsdpbf SRR Gr Moré astenie| IneEe eailediBent rédsbaaconguratidie200
ation assignnments for the_ individual subchannels

(FIGHe3A Be2Bhmayirespive freore Hinrose sebrhiparal of p Stidehand OF i el

witht%%g‘fglén érﬁ 2 LRl Y ;rn F?&Hﬁ?g& io? |51patt]%¥1g RAER a'ilﬂ';%n§§ @R SorBE other

on 'S Nno respect. I'n sone
emb@dibﬁdﬂsmndnser dohﬁgmbcm%@ € Geniil Bal B pmap ssietyerasmgle may

f b 2005/ 067171 .
subehes issh 0 As0s8e 6] ABOI S “GS BTy Sh oG pPRaL R
ratlo%\ﬁﬁi%ﬁhn 13y e pEEoRhed Bt Ak pHid ey ol -nidiR I atetbadcarriers

nodul at| on asSi gnments may conprise binary phase shift
recewwb}’i@le(@ﬁfg}@tammn@h communi cates one bit per symbol,

ﬁh{?at . céo&}%ﬁ ?orglé‘ F&Bo&-ﬁ%h&%%ﬁ%‘g}gg@gﬂfﬁ%%wo (FIGs. 1A &
1B), Qom(rEIGsC QA% 2Bb1 a3 00 @FEIGp ESA &y?»ﬁ)lhay feGelve q;amﬂo]almduiated
nplitude dulatlo &W%ﬁ’ ormunlcatrg ’lf b
subcgl,'rtegs 1|51@|cc%r |w1t 1V Fug pla af%@lm? % gllls( 1§1ay e
referP& toS% TP tive B l&aé%g POBEDN ACRBRENPIF, 38 Dr foke bits may be

represented by a symbol modulated on a subcarrier. The modulation assignments for the

individual subchannels may be based on the channel characteristics or channel conditions
for that subcarrier, although the scope of the invention is not limited in this respect. In

some embodiments, the subcarrier modulation assignments may range from zero bits per
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bits per synbol, 128-QAM which comuni cates seven

bits per synbol, and 256- QAM  whi ch comuni cat es
wWeR@avert s per synbol. Modul ati on orders w t hPCi/gRI04/043056

data conmmuni cation rates per subcarrier may al so be

used. 10 An OFDM synbol may be viewed as the

[

sy e e O S ol el dhe gboaricr

modnﬂatmmas&gmmem;r a1 compmldel bmaedplm@ ghiftkieging4BESKhewhich

varlalenn‘oer of . subch hat. . Y]
com B G £ bR AR meofi KBYinE GRSk Reh
conﬁﬁlﬁﬁéé{&(*w@%ﬂs hRr §RAId1 VEFSK NEich v@hugicers thtee 6@ per symbol, 16-
exanpl e, in sone enbodi nents, a receiver my receive

quadsagyre anmh‘@élg apdlulagion i ErRAM), hxgpc}hgg}m@gwﬁatieg qy&utﬁ ger symbol,
32- éppr orhich £o Tl’llsﬂg Lﬁ%ggi@g Ibﬁs B&V OF Mﬁg{n cr:]oe umcates Six

bitshp@y gyrhifol 11284QAM winicke comnmhmgtm adavedém’ra psuysatralj ae1d3256 QAM

havi ng a. a01 1 her ebe X 3
whigh gomwnicanEiEnEhsuen sgibet ModplasBRBEdRt Bk Righet 9,
confdblbationtatks 9&%b@@bmhya§ybgh§danel In sone

enbodi nent s, the frequency spectrunms for a w deband

c h alm @lFDMyymbol m@)‘r’m viswed ab theneabination of thwmbglm@&lated
F G sBERi G & e Hibrld SRS i BEREREL

modhﬂ@tb&l gsbchirteg uad diea&rlabla mghibgr 6f smhblaempelss X]hatmﬂteeyl qomprﬁe 0o
i nc

5.9 Gz, h
widg e FoARIDany G p HERORe B L DYk PHEPaoeepves ieihs rageisgs may
VM?%‘}@QQ#l G bREnSIE! olﬂesoﬁfe iR dirhéWt € AtrbQiver IndyFecdildbi @@ Wildeband

espect, as other frequency spectruns are al so
chagup] dlhat waszcomrsanp eo fOIlln osmete evblaringls heyingbepdwigdds of

app%%l]rfl@%g/rw F%g eac. /&f %%%%ﬁnééﬁaﬁ%{ge (1F ItoGﬁii énr.r é‘@ﬁg‘l

orttbigBhdl AntarsbéftienhaliiPA)spacing tirpsbefveen of @plbtahir@tely 312.5kHz. In
conputer with w rel ess comunication capability
otherzgmbadiments, girpesied nayerep koM OF M syeP s%vehééﬁagketsubéfamel

pagﬁrsonﬁréni‘t{&aﬁﬁ'&fts MesRagcnsy dR¥itSs f@ «Avlibbad Flnnel may

amera, an access pol nt- or other device that may
connpnse iswtschamebloin dithens fGHZ fréqreney speatrumiar @l 2e4 SiHE. fréquency

B T N T R -

ran?xﬂg Giolhl SpprOTdRIE2DIte 3. SGRRAEIIAEe 2 4UGHzZ §fectiif may include
Stitute of Electrical and El ectronics Engl neers

frequleaa rasgiag feaneiappraximailn g-r a1 e, dthapeh ssycopy afthe

O N RN N

mnwbhmork communi cati ons, al though the receivers may
al so be suitable to receive co

BRIt R B e R 0 Lo LA 1B Fap4PIGs.
2A ¥ 98P RAFRSE. '3@9&'@)&&%1 e @irt ofldPBsobhl &Eﬁ@ldééﬁﬁﬁahf@DA),

st andard and the Hig erformance radi o Local Area
lapwptowppttalﬂe cotnpeet widy v&gxegesg gpmmunication capability, a web tablet, a

wireless telephone, a wireless headset, a pager, an instant messaging device, a digital

camera, an access point or other device that may receive and/or transmit information
wirelessly. In some embodiments, the receivers may receive radio-frequency
communications in accordance with specific communication standards, such as the

Institute of Electrical and Electronics Engineers (IEEE) standards including the IEEE
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In sonme enbodi nents, the receivers may use up to four
spatially diverse antennas to exploit up to four 20
wWOorMsSO6TAMNel s. | n sonme enbodi nents, a 20 VHz cPEEES1004/043056
may be referred to as a single subchannel of a
wi deband channel. I n accordance with sone enbodi nents
802. Pf(a{/Hgg'lY mnfll(g/qay ahd/en3oL0 dtirldals fd wikeleddlobB) ared ¥&work
annel' s may be used to support w deband
commnamfe@nswiﬂmgh dhe teeeing's mopralsodiccnitelp tawechiva gapmupications in

acco?z\%o o Wit Vg{eg?] ﬁglaﬂn?ﬂldﬁ‘%rrg@ﬁ?glgaﬁgggéore r@%géa@ﬁﬁ% )f‘latqgstrlal

(DVBGE)GjmaicaS‘tﬁfgf Stzgmllaﬂi, landh theADighpyrfosnamet raliebusdlArea Network
ment gg ant enna sel ection techni que that chooses
(HIPSerﬁs}St%‘?da tive antennas with the best receiving

C Oﬂgé&rﬂlé)é}ﬁbcfcﬁﬁ Bhi§ QHE rRivRRNASy usk f@ﬁﬁ%@ﬂﬂlﬂ@n&ﬁeﬁ@)intennas
15 provi de a throughput of up to 108

to e)mlcdt vptecfeuneMils drnpelpdbispine |e@bodmemoa@ﬁ MHh@hsrmb@ay be

the present in n ted in this
rqu%%%éﬁﬁsn} e% ﬁ%‘%ﬁgé WE%%@“R&?%%%}Ver configuration
10&1 @Mrdaﬁcmtth s6he @ambbaingnel ofeeceied combyuratiaosl® ENa€s. 1A &
east | oaded subchannel s of fou chanqels for
4P

1B), dngtMHﬁm@émeﬁ%s gy ke wﬁedrfeéue@ft:W}Cfebéfi ghanngl pperation of 40
MHAG W@tﬂ%tﬁ%da e xmgétmlﬂﬁé%ﬁ%ﬁéﬁ’ﬁfbcamer involving
|gurat|on FIGs. 2A & four VHz

two scnbre hatensdss Imuyndoef thewednthwdsnpps rrecewed epefighratiemH¥) may
er atj ans, of d tive ant epna.
sim ety Rigt an g SReehh tebniohd uRE RidskTa BRE EERRive
antefifg S¥ivi fRE beS ﬁ*éﬂei\h Sorfditi S8 Yona fiue Bﬁ@ﬁnastThésfe&lﬁﬂmdtrhctrﬁQmay
and/ or receivi ng hese enbodi nents may provjde

provideradhiishputerf upo 488 Mitps veBsmig- ﬁang%omrégtsqrma@ab@ae% @ithpugh
the s%:@pen%ftacﬂgﬁt}%s%lé w#ﬂ?% ffot SGRRE n?{hi%ﬁ?%é& 92 50he eﬁl“b%ﬂfrﬁeﬁl@s,

I's respect. accordance wt
receiverneondignrationd 00 mayfberpacteif\adranserivar ghat atayarhod@0th¢ By GRast

toad &g neis AP R ATHE T pRR PO 10ne Rl fpatca colisions.

banpydcetdanyd fith 36tAL bibEdAEne HTRe el e @bmf@gmaﬁtﬁi 200B(FIGs. 2A &

choose one antenna with the best receivi ng condi ti ons

2B),dourf WM Hzesubehaane!aimayi hegisedh ty syppots tvédabang chaprekeperations of 80

L

best psoeBa condittant o6 four anteohasl fontramsthittingtahd/or resiveng. Thiese
rece i ver

cordance w t h sonme enmbo
embe@ﬁﬁptjaw prgKids ghrop st Ogm) 8 5136334%%% SUsHBlsTEtuGHey in

rangB &l a8l ﬁh@@c%ﬂetdf thOPles @R LRRAASH ié"rﬁ)hhﬁ‘l‘i’t@@'iﬂ i85 respect.
nmaxi numr at i nbi ni nglmon each subcarrier. In these

enbodicoslanes with seig embe qnmfaﬁqe@rer 300figHytian m@ (FIGs. 2A &

2B), 3&? ?Q S/II%% %%tg / % sﬁr%% %1%39 o O\iﬁflgg%e{q%ncﬁlﬁﬁﬁé{ %{i?er&tlon of 60

MH# paigievi€hRati ddapti@Santedit %&bﬁ&gfhﬁuﬁla@ thate bae EAteMDEpmth the
al t hough t he scoge of the present invention is naqt

best mqmz@cqndltms of é@rdfansmﬁtl% ARd/@riseelv ign T Bese cathedinagats
may PESViaON b 2ButAPio oY MBpP@Hth af imfroved range, although the scope of

the present invention is not limited in this respect.

In accordance with some embodiments of receiver configuration 300 (FIGs. 3A &
3B), one subchannel may be received with four antennas with adaptive maximum-ratio

combining on each subcarrier. In these embodiments, receiver configuration 300 may

5



10

15

20

25

30

transcei ver that may choose a | east | oaded subchannel

of four band subchannels for data 5 transm ssion to
whelopoémaauci ng col lisions. Al though receiver PCT/US2004/043056

configurations 100 (FIGS. | A & 1B), 200 (FIGS. 2A &

2B) and 300 (FIGS. 3A & 3B) are illustrated
supiEPREREEVY confighaiBnSWRR GosErly Signlft@ntdy 8§8Yed range capabilities

I nvention al so provides a single reconfigurable ~
and tleoeghpat of wato ppetthoesh the seapsrod drrcrresapt ipyentien is not

i 16985 S DA SR g o
tranbdeiva elidt vy, chesdeadenst idasled futichenrei of font bamd/eibthameks| feodata

i ncl ude trans ei,veroiésthat conprise transmtter
trangmisgign e helpFeduptng codssioNSeej ver circuitry, to transmit

co 'gﬁ&é&{béb $atfoRgt 00 BYIGRE1 A € €BY, 280 0¥IGs. 2A & 2B) and

recei vef’s 1 n accordance with .r ecel ver C_Onfl gur ations
300 {PIGS, BAGE 3B) AresilluByate@pararlzin some enbpiiments the gesnt

. El 3A .& 3B).. .15 In.referr] E .

invehpialse Privifs et reskBG Rkt Bkt ful b ok Audinipordance

with dS)usdtioaality oy rdc@fet corffuetions 0@ (I8N A &e1B)) LOOBIGH. 2A &
a plurality of spatiall di verse antennas 102a-d

f Y. 1o
2B)repd 800 1435 3n kel briaedditign, rhorimes o 6 PRUFFRS iy eltiog also
incl 3R Hsceif¥s thA c%ﬂﬁﬁ@ﬁ&sﬁﬁ@&@cuﬁ%h &s Welll §0AREIveP@RARy, to

nmay conprise nore than one of a furality of
tranfméqommoynictipaszneld s bwydremetdvedigcrsisivers in accordance with

e SR RE A 1 RR008 I B oy 300 i 3

& 3g9nai n symbol - nodul ated subcarriers 123 fromthe
sel ected antennas to %enera,te conbi ned s

. ] nmbol -
rodlit refasting tbBlarsy | &% 1Bpregiver aopfigpition 10 msisin anisera
. . I :
selefion (EORIRERATECO 300 motk Ina(He £RGAS TR BhSaliG U eAIly
divdrbeaménnaall 02a¢d of reacive anaghdgidal fiequencyedizisien mwhiplexed symbol
subc¢hannel s of w deband channel , and.25 the ant en
ovet BMABRBE A el TBF P A i ar Lo el B B En e B
f}ﬂﬁff?e ' . Pasnfibizaiod 100 1
plm?ﬁ t her q?g%(%sygj%galtaﬁg%'tu %ﬁégﬁéblg rﬁéﬁgles, ofﬂg?he W degnaar%,da %
inclofeeomebiningreirsuitey 124rib eeinhingtcorresnondingdreguprcyrdogppin symbol-

Lrcuit,ry 104 e e i
o {54 SR B S e 8L Q8L ool
mod@nited Bebcagiets 1 250andci27dor each shibehammgl of shedl erlebdrlechbmed t
and t he second ant ennas bfi\se.d on a siégnal -t o0-

r atlNGOMGRRYPOGINES ARIERNT §71e5HOR FECHHTY N éﬁl&ﬁ%ﬂﬁ%@ﬁ%ﬁ?ﬂ pptenna of
the éﬁ?ﬁitf %?Qlﬁbﬁ%@ 1182a-870 RRBATHb 36hdhaANGS 64NV deBardPdhaiBY, and
el ec t he

Irst and the second antennas based on an
the antenzgelc8NBh ofrcuirg A 64 mayralsorseleai aisdsand anteinargfdhe plupality of

o GarsLEehD Fipeiedine Mo fhahetialt sHhlvata Wigaet. o some
emtitierns RaRARS 6d16ctioh NELRGORUGHALF]ecPEd bISRAEAA0 4BRBEIVe two

Recei ver configuration 100 may utilize | ow noise,
subehpsnels saputapeeysly) In sgpe gmpegiments, antenna selection circuitry 104 may

select the first and the second antennas based on a signal-to-noise ratio (SNR) of signals in

the wideband channel. In some embodiments, antenna selection circuitry 104 may select
the first and the second antennas based on an average SNR of signals in the wideband
channel. In some embodiments, antenna selection circuitry may select the two antennas

with the best average SNR for both subchannels.
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each selected antenna to anplify RF signals of nore

t han one subehannel, and downconversion circuitry 108
W@ 2005/6li1vi dual | y downconvert RF signals for eaR®i/US2004/043056

subchannel that is received through each antenna. For

exanpl e, when two subchannel s are received 5 through

t WReBdivertionfipastidd) 260 thay neilies kﬁf n@@@ﬁmghlﬁa’s (DN AP 0068ty for

i nclude firs dovvnconver3| o uitr 8a t?
eachgslastedrantanna REamply At IS signaly H g0 9%%@%’8 and
dowﬁgon%'e?/s?oql cl%g%yh fOSf Hg indivRGLE, &Nn&ﬁ?@t@ @Pds‘?%ﬂ'h?%ﬁ R4 QBchannel

ovvnconver t RF signals
that is&eeaidecsmhntgarme}i antenumi Fexcb)dampidq evhieh two sabrthemneds arehegedved

downconyversion_cirecuite to d nconye
throughyeg Wenpﬁ%l(ﬁar‘gtre‘?b%é at}o&];q {I{dﬁ Eﬁ%tecond
dowAeSRBRATon ARGitkP105Ub dBwHeve A RIBEiShAE oﬂl!hé Qiﬂ;kttsﬁbchhﬁﬁa received
to downconvert” RF signals of the second  subchannel

by theefiust srenisy sechad dewnernvensioarrguitnnl (8kie dpyraepuyertiil signals of
the sfeF%l}ff' %@gﬁ%ﬂl@sﬁec%ﬁ?&e l?%&l%(fﬁs Yer@g R ir{i l‘lo%@otﬁ%rs?drg{l?éflﬁ‘try 108c

a an secon OW- NOI Se a

to ddwidonkrey R gdrialyoftthe filsE sitichmaled rdceved by e&hessmcomblantenna, and
ant enna, al t hough th@ éco e of the mvep fc%ﬂ is n

fourfly %W@en}fﬂsmcgw@yd 8¢ to dewnqopyert REisigpals of the secon

subc‘ﬂ%%kﬁ %Béﬁf ﬁ' glrlh@ éécSHd 5ﬁt¥m§1a0ﬁ1 SaYodiReRi ONisERwaRbiBe amplifier

ase hannel nEonents and uadr at ur e- phase
106¢ ﬁ?asz lamphéy 9he Mosrgmi%ﬁom afirsh autghna, H@d secopé loyy-npise amplifier

ook VB, B b BBy R B
invehfifn 10t lingle@gh thictegp@e. nﬂasrlalharmrg dowvnoomverdied erartyy ée08 may

frequencies to convert RF sign f the ticul
brovii ot A hasel(h CBAISER SPRP NN PRt deeg it TR HiARaS)

cow&%ﬁéglg%ﬁ}é%hg 9&?)@ df Wﬁfé iRk i ttlin‘rlHédel {13y ?&B@&n el .

two su annel s are received
t h losghe tmbodiineats; hwtmaslyn@ﬁeqm:ncm geresrashgrearchiteoUdmogy

sele ZY rat I egﬁé%hx%e%elg HE eqﬁ%ﬁc\f?sholpgmé%é\lzfé si %lrs Sof (t)l}]e

partfolila® 'dhlsdhﬁnﬁéiﬁﬂ) Reband OB ﬁa@ummu@ﬂe feeqhibicytmay depend on
subchannel to baseband, and heterodyne fre
the ppstierlat subghangpl dysaree erphasimayts shspitye subcha Janaigiare received

throagﬁ RO W RGerdda WYENE yhe%e%&?%g%q @rggr 1% ggﬁraﬁﬂg &rcuitry 110 may

wnconver sion CI'rcul to” downconvert
proxadesae e Hetertaiyha fieqhertcy to ﬁa;s mhxhﬂndd downs omreersiom cid¢utiy tl 88a and

o5 e 00 B PRl AT enrin

11103k &Vf&@)a LSoridaRefad e FregQbsdyad becont a8l EanGth
cire quencéyy,r S direct di g}fht ale@lséﬁyhey zer %DDS) to

dowgemefeam@l alr@enrzeét)&uamwé)fidfto domcqsweft alseegndgubelanpplde

bas re&quenm es. Heterodyne frequency generating circuitry
GP rray al so conprise a frequency conbi ner to conbine
t h@n ke kanodinioney bepmylyantteqivacy gémecdtag dreaitryof 10ihay

st epped fre ence to ge t het d
comprighh e FROHTGS T A28 AN EOIRLASCH BHpT (¥ CCIN P egicri  opsian
refegeglgg }ﬁ%@@%&,‘@ﬂtasdlréaﬁalﬁftﬂ%ﬂﬁleglkéqm%o gemehtdlals8Rctbd\Okk of a

plurality of stepped frequencies. Heterodyne frequency generating circuitry 110 may also

comprise a frequency combiner to combine the reference frequency and the selected one
of the stepped frequencies to generate the proper heterodyne frequency for each

downconversion circuitry 108. In some embodiments, heterodyne frequency generating
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PCT/ US2004/ 043056 circuitry 110 may further conprise a

phase-| ocked | oop (PLL) synthesizer and a frequency
wW@lkasden 7t o operate with the VCO to generate tIET/US2004/043056

het erodyne frequencies. Qher configurations for

sel ectively generating heterodyne frequencies may also

cirm.lgﬁzq h@a?l fﬁl‘tfl&r coniptRe WiphikeE 681 108N (AL syhihesipérema atfrequency
tio

Recei ver confiquration 100 may .al so
dividenco gn@ateompﬁssv EQte genprate teradedraqyengies. Qther

confi nd%tgc{ngﬁ’c gsue lae 1%12 r@h&ﬁﬂ(ﬁ}ﬁéﬂ G ¢ eﬁ@i@?fn‘ég d1sb6RFhitable for

er Si circuitr
use @B leABolianditgsftaé preentémenton.(ADC) circuitry 1l4a-d to

generate digital nal s, 115 f h bch
r eREPeiEer %@HO@Q&%@‘&M&CN FloSas HesITER: Ll2a-d to

ﬁltefj%&i/ §e ﬁllngfé?é %ﬂﬁﬂatﬁﬁ%e‘n%% fPorfi QdoelateydR@ conversion
ream For eac hannel received 10 t hrough each

c1rc1atrydﬁ& and Bhajpg-4d- d@l’rghmnsfe@m (DY) adesetitpy ] Yerd toogenerpte digital

1550 SRS, B 53 e
digiDsighiM $5 #29lcompfise 9 s@iat sjanbi] m&aﬁm foﬁraah ogbdharmbl gedeated

o e A o BB et
con W mosma BeP g'p(ihgﬁzﬂts?gdai ﬂ6§&§sﬁfg,esdilrchﬂrﬂ @0 1A

our s pi pelines ('SCPs) "are
demsthalaiz. an/OE]DNmyenlmﬂdmrseme pnﬂvedlrmts, gnzdhgnﬁmdfgbﬁal eqyRrsin

channel s, t hat. ej ve
e ARl B B BB SRl S OBES Ll
compbfBrt€ tn kY dnhcRlith&fP BRistrated iBPIT. €A% dBY8ir Singleedtahier
configuration 100 nay al so include circuitry 120a- d

pipeliey @ﬁﬂsé arg showh; & Sé@%ﬂ@m PG is heRmdor Fﬁ Qf Ao
subcgl%u%el; { %{Tlugl}gce?&e{d' b? cacl BPRk (b hERHRas; ﬁQwWe@‘ﬂ‘xéjﬁ:@p@Mf the

onversion circuitry 1 14a-
inveahbiil(sugitllltﬂl’fedsndperaspedthe pr esent |nvent| on |s not

limted in this respect. al
be T 665G EPPATIR S GEET SBTEH AR ADD T R el ear%e pieuitty 120a-
d tolr@Rbve: @Wdlférexﬁéhﬁ@ﬁfaﬁm éﬁa_ Int&ivRIC(@IY ﬁ%nﬂ-tﬁa 8eridl symbdl streams

circulrtry 122a-d may performa fast Fourier transform

prowided byeansdogata- élgltglmup@sm cirgyitri-1d derd #ithongh thesscepe of the

te f.
preSt A fHifopt BRI MR o8 BRkA IR RS ISE AL LE ©
con@érﬁ:@ r’ﬁ@ @rpafa‘illbléfogmdbﬁﬂﬁeéssmgthygaﬁt@ ofier mfom's(ﬂiﬁ?“acirfcmtry 122a-
of the received s ann t
d. FFT gitewifiy [fasonay pei Qrﬁb%’g*ﬁtsﬁ%léai%fe Ea%ig%élgggl é’ag?”?é groups of

timd- H(Ylﬁ{ﬁh's ple% td En&dt@h%&&nb&‘ dbih dyRHREalodufetiiiiuBLatfiers 123. In

circurtry 1 nbine correspondi ng frequency
somd&rrﬂlodlmqnm &FT mmdmyatzia -dsmpiy: alse genesatof chpaenod aﬁtmate for each

e N T T S ——
scoﬁ%f tﬂ@ resérl 1§Mﬁoﬁ’ [’ﬁlﬂiﬂ lifftat $n t}ﬁ@nbpemed

rmdul ated subcarriers 125 may be_associ at ed.
% tCFprnblmrxgéarcngc}?éﬁﬁ@f comghipe eUHATPAHNG ﬁ%‘&ﬂn%aa@?’&sé(albol-

moﬁlwﬁgﬁgdﬂcgfrﬁrégﬁqthg%f?ub@ﬁ;ﬁﬁl@i &:‘ijve‘ﬁ' 1ﬁ‘el%ﬁf3a9fﬁ§hnas) to generate

anne the scope of e lnvention I's
contbiried| siymbbk choidnlated &;bcamspm d@5 and 127. In some embodiments, combined

symbol-modulated subcarriers 125 may be associated with a first subchannel, and

combined symbol-modulated subcarriers 127 may be associated with a second subchannel,

although the scope of the invention is not limited in this respect.
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8 WO 2005/067171 PCT/ US2004/ 043056 I n sone

enbodi nents, conbining circuitry 124 conpri ses
WOrenosaeityy ati o conbi ning (MRC) circuitry haviPgr/us2004/043056

complex (i.e., | and Q weighters 130a-d to weight the

frequency domai n synbol - nodul ated subcarriers prior to

Pr @pesrhé Qtﬁ%(hl)heﬁf%”@élﬁblﬁﬁlgtdﬁQulh@qm%ﬁﬁi?EEMailhﬁmey
domai n synbol - no dul ated subcarriers substanti al

compnmpg)@\ﬂRSh eircigtry daying icpmplegiie-, bandeRywaighiere b}ﬁﬁr%@r‘gelght the
freqléeaaé;y I()g]ﬁl Iho g'?ﬁq%%'lﬂ?@&ﬁmaﬁ% SQB} S“c(?g%o%gﬁg%aﬂ?)fombﬂlmg the

correc

corr@dpgﬁ@mg Piteqhienca Jlolhﬁqus},nni;oldmﬂane&whbmnﬁ%smbsthmméu proportional
subcarrier to allow co nt. si conpi ni

to thewpignabsteengdpin or Pfi g&fh@@%?l&??%we&féowwggtegq 130a-d may, in

additiBf w%gﬁﬂﬂgldoﬁ%& sajﬁ%hhf ﬂ%@ﬁfoﬁté @frg%r 8{')Hbmam symbol-

channel equ |zat|on on sy - modul at carrliers
modjlﬁﬁechswcalﬁér twﬂiloa&hcqmwyéslgmlrcen@lmwmw {Rers 1182 f or

subcar Ll er l.
SR B0 P U AT PR o
a chhﬂiheii eqmlieaiacb B Miso]- r@dﬂﬁ@dtd:ctﬁlbc@rlEt’sLﬂI%rayld]lZG awhlchrnmy be
perform separate channel equal i zat i ops on the conbjne

feC@st@ paafieh foneash suBeREs fhe FaAnsf] cavali@digRmaRYeky based on channel
estnﬁ#tgﬁglzmﬁﬁth rl])grtﬂé/ FFP %r@?ﬁr&rhﬁl LHRUH oA &tE, CYlAlier 01rcu1try 126a-b

scope of the present |nvention is not
mayl pem"ot’mdepanaib kvha;nnek sgad:ﬂzaﬁojas ohrthes@mebinehgymibrdmedulated

subcgg%% aSRr ?%h&%tglptsr ({i‘ Py, ﬁ%lpk%n ég gém 1%11? h&Pcﬁ‘lgﬂry although the
scopaYdTHRY prdBeh ifeRlos 16toRTifited $n Diis 1@asHat. subchannel to

generate parall el groups of bits fromthe subcarriers.
Addn soop smbpdigteatss Paiplizen Cﬂ@wﬁryrv @z‘?smﬁaaperé@ﬁé?a ng

equgl !)1? foqq’ﬁﬁl?e?%eﬂfah%ﬁk o%m %1191@?5 of each

ogona reque | Vi SI on t| p exe Sy rom
sudeaﬁneﬂadi géresdte gamllp]sgroﬁpdaoﬁbsts dfonPthe spbarti¢ranAdditional processing

cireg Ry skt Soe Rol T ey ek 0 eppsaiaal "o
orthd gdnﬁﬂ ﬁ%h@e%\é% AsvisibA ﬁiﬁ'lﬁﬂlé‘xe@ d‘ggﬁlbls ;t/&%ﬁﬂﬂlb Peratlel Sldups ¥f Bil of

ner at e e denodul at ed In sone

more Mmm:mnb@lanml baomecambodirapie ddiapalqspegssing gicuitry 128 may
1ncl]1<ﬂ d@ araé)hg{gs lﬂgl@ﬁ ﬁgln’?‘elllf% {r}ﬁg @?&ul{rg) afl/of H%Hﬁ%séﬂchﬁry to generate

rrrer no assi gnnmen

the f@hiddutattOFDM sHbslu hcdvamnehbddimgetsiesubtariehdenpppatsinedy demap
groups of bits me 25 enbodj e

the FipCBIrICE] fecacl oD A SIBRPATH BTyl Shheaeissogulation
asméﬁ’m ?nﬁ%lggﬁlﬁf%' A8 sutt AR tcgé”&l@fiﬂt@ﬂw p@fh@leﬁ@%ﬁﬁ@@f Hﬁtst In some

may be generated. |In some enbodi ments,
emboldamends, aepatalhhtceser@é penvatsieh gy BeEperéormediprioy tqciczatedeavmg

and e e oo oA S PR e el i o

baggadoMB emboHiAtMe, tieaihatke estnﬁaem@mrmﬁbwﬁw lcﬁ01h1trgidzaa-
channel 30 estimate for each SUbig@%d er fr quency
Mays DTSR CHRRASA fesPOSE ACEaSs thgichagne he yhe glanngh ffﬁtlgwtes

ma}F be n%lg{&u)@a %4151?5 Bhdte SRS pf&intble aﬁd"ﬁail R de"Adahng
estimate for each subcarrier frequency. In some embodiments, FFT circuitry 122a-d may
perform an FFT on known training symbols (e.g., the long training symbols) so that a
channel estimation may be determined for each subchannel. In some embodiments,

equalizer circuitry 126a-b may perform a channel equalization in the frequency domain
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channel estimation may be determ ned for each
subchannel . In sone enbodi ments, equalizer circuitry
wa2esoe7imay perform a channel equalization in REEUS2004/043056
frequency domain 9 WD 2005/ 067171 PCT/ US2004/ 043056
wi th conpl ex val ues that represent the channel
i c%trrrgg}n?,z P8GR tHehafindd estiifte sb R nRRANude BHLHE
w1th§y o -ﬁat}géljgltg?ée}gpsubcarri ers may be nor nal ?ged and_t he

freqpérmyatomain syebolimaestplated subganmigrsmay hopormabiged ardie phases of the

subcayrier e ' i qi )
N
for Ruhadhoesabiag blyfckcaitiycl®8t ry 122a-d may conprise first

FFT circuitry 122a o.perfar n FFT ) I .
o G ems Pbp e mE B 2T T 0GR s gpeuitry 1222
. o !
to pé{;‘% Tn’;' irﬂrggfgk ??%g@g%:%ﬁ&aoftﬁng a&fﬁaltﬁﬁgm;;,res QUe ey stBsMhAel from

carriers o i rst subchannel
the firsoanttive thigesdrataritegmency dommie syraboltmedulatod sebcamierapkibe first

i.ncl yde secaond FET citeuitr b f. F
el e e S B
circtrySIeRs hep&edrnf £1ORFT be F)ﬁfaillsl gratipedfitand dorgsinenmples of a second

frequency domai n synbol - nodul ated subcarri r? of Ehe
subeharpe] drosy Heriterma spreenegate fiegyengy damay sygpppl-modulated

sub%xg&g lok fré s%%@%ﬁ%ﬁ@%&%l %ﬂn il Tt sf‘%ﬁeﬁﬂai FET Eﬁa—uiﬁ‘:y Eggﬁ-fdrn\{ay also

C to per pa groups of tirn )
incldésrhind FRSaoimhitsy B32ctth effoms an EHBohaaredlel grouns efeme domain

Seco tenna to nerate fr ency domai n -
semg{s0b e T InEL By Sreh ARt ZPARAE fisganpygomain
syndbbRAoB1cAQEBH@R o tHRFirstJubcHdann€l Gl ithd secdzPamtehnmmyFT

also include fourth FFT circuitry 122d to perform an
circEfry @Rapskmay plsp inclrdsfpartoFFT cirauiigiale t%@?fgqré%abeF T qa parallel
grolpsat i SHRE ﬁlgﬁﬁlgleé éﬁt’ﬂ}e%&% 3 SER A FoR he sBcorIEMEAh Fo

it equency domal m symnbol - m)(rjlul ated subcarriers of the
gensegohehusndchumie kythbammodileted edmaricanoftha accond sybehannel from

nbodi t t he OFDM.synb ted f £
the §4t0S PARBENLR UL PHROL ST e S gvEPoL B B sehdls iom the
simPi4HRYS b ¥Bt @rf@itfrﬁf\f%%n? TS SR hatheltBrovgR PRo @htehfid, although

Invention I's not ifTed in this respect. In referring
the se@ppBloGthe ivention Bs netdineitegdn tis F¥sPefir at i on 200 may

ChaeRriy B 1SR A Agp SR Pa ek fuich W RAgRELHeMre than
onelubélahhélofafwidgtrind OFYMdihusied ¢hranglemsiagle2@Rane selbeted from a

sonme enbodj nents, recei configuration 200 nma
plugbhpeh S§étwdly541}ﬁﬁﬁ%afttﬁgwﬁé55=bfip@|sp entbedimaris, recerver

congggﬁﬁﬁﬁ hH@ m‘i?_%ﬁmfoﬁsegé‘ E’iﬁgﬁ%ﬁﬁnel PRreBhY (ICTHIDE prdbésdine@ach
may

conpri se antenna selection circuitry 204 to
subslelneel one of a plurality of spatially diverse

antennas 202a-d to ceive an. ort 0 f /
L o RS PSR D SRRt st
one TP IiRDIEPatE1yEVer ¥nt@inag 207-d k@tectiye ah orthogonal frequency

subchannel s, LNA 206 may, anplify the RF signals, and
divisiosrmultiplerehsenbalgyer a w}/debar.[;lpd cha¥1nel comprising%nore than one of a

plurality of subchannels. LNA 206 may amplify the RF signals, and each subchannel may

be separately downconverted by downconverters 208a-d, filtered by filters 212a-d, and
converted to digital signals 215 by analog-to-digital conversion circuitry 214a-d. Digital
signal processing circuitry 216 may comprise, among other things, subcarrier

demodulators to demodulate frequency domain symbol-modulated subcarriers of the more
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30 be separately downconverted by downconverters

208a-d, filtered by filters 212a-d, and converted to
waek@sved17si gnal s 215 by anal og-to-digital convRECEDS004/043056

circuitry 214a-d. Digital signal processing circuitry

216 may conpri se, arrong ot her things, subcarrier

than%@@%@lﬁhﬂé]%? Qﬂallalt @otifsasflbits mnﬁﬂﬂtmblcamers Digital signal
nodul at ed s carriers. of the nore

proczm dewitvy 1 Hopayelso samprsvakiiiongh pmqessg\gbcewgmeqo gegerate
smg%ecge {xi Foif ﬁfe%H Bo I%%I%Haﬁlngfth@bltt& 40591@&@%%9@{@' RRiplexed

Signa processi ng circul may al so
symBeinfasth $iee 1o thiroowd supclenasks Imgpned cmbwdlmpntsdleg@néyra:t fsequency
singl e decog]rd bit ,stream 229 re nti

gencsRintpeERry £ HLmaL sRIGetye; SmERicd, ke X&%ﬁgq“se?ﬁ%éﬁr P m
Subc%xgﬁnéf% €oﬁdaﬁrkmgnawspﬂﬁa@aﬁicu1ak BulsuRffnct PRt S,

terodyne frequéency 5 generating circuitry 210 may
selAsdtlisteitsd igdiier 3B edigitHsignabprpaessiecHiGaITE2 lﬁdnaﬁéléff&ﬁlve

. .subchan to co f |
eSS RERARACE obB: SR0UEE e PR S R b BEEh ) etves
(Scpls)glﬂ thbsesdngfb@hma[tgceashs singlechamel plpyhﬁ’élﬁayrp;oceme\sabchannel
Si gnal s 215 from ortl on 18 and may conpri se

i
althQ"tE%lrth% 7 Y éh%iﬁ}ﬁ@“oﬁllb%? L§5PCGh t hese
e gbx@[@ @ﬁl%odlfr?cﬁﬁ ?éc@ﬁ%ﬁccﬁﬂ%ﬁfh@ bn 200 %dyrh@soﬁﬁb’luﬂé erQsfy 220a-

one subchanne 10 al t hough the scope of the invention
d toiremod a byohcte&td;nsmn ahd/or geasp éverval (G13 Gom heberial sEmbal streams

i ver cof ratlon2
pro 50 S P PR YR AR L bt
predefit 1ﬁf/é/rﬁion(1ﬁ16t Ifrhiged 1 ieis sespbctl Thy sdhial syahbicd atrBam$)may bded
by anal og-to-digital conversion circuit r%(q 214a-d

coneirtenGagmaraiel DESE BPCEREE b1 S8 EF AT L p22e-d. Fast
Foutlémiin%gorhpmfclﬁit S 23RELh gﬁ?@ﬁn??ﬂsﬁh BYFRRhshh @8 Re ﬁﬁ)ﬂlel

converte o a pa orm for processi ng
grofpaif tlﬁwaaiormm sampis$ tr ganeratcirequepcy d@maid. symbgk-mOFi‘@latede r

transf CIrCUII 22a-d rra rfor F .
subqalrréq:]‘rgf 16?{ Cllrﬁgl xangg ay bqﬁ g osryrq Oﬁg'l ?ﬁf,@é&f&) é{lﬁ) EI{IGI’S m
paradRITIr@acH QibEARIeF, ahe itfhaapeReEn aimfaaﬁzawmbaéedmowb ahz&ﬁhel
subcarriers. Equalizer circuitry 226a- rec

estimhigs sﬁyﬁmquaﬂmupmtb@ frequsasy fpmpiy sympol- Bwfiaféreéi su %mers may be

den3gE 0, RS Bl E o RAH s ERonER B FRREHYAL Al RErcaving
and)lbdﬂ ae%dd@wlﬁsﬂaycﬂcgmmtosgmbme dncddﬁbcbbmstfaaubw i eor8e MAY

e. dema n t
emggip GRS DB DL HEER B f e o) By aEe gagreous
recé?%t a%'d:?gé’detsé'lﬂg 82Rut le@ﬁﬂ‘ﬂfeﬁsttﬁr £ QH6nthda, §Itlﬁ(ﬁ@mtﬁe?&3ope of the

diments, the denmodul ated OFDM synbol may
mvd)mogemmtdnmnbdfln(ﬂmt%ee@ mul t aneous Trecei pt and

G TGS A & B0 SR BB MEm AP R R iyl

subd:thhBll b%f d ﬁﬁﬂﬂh@}t of dpatidldf éiverse gnttmdélﬁa—dsdhd&n%mum-ratlo

nﬁ%g'g\é% %%g;flo%g%? o g]qq%ggqjga éﬁg{letyoj{q\ll&ugq Qé§tg)§anlers received by
the BNLEAEE 30%%nthodARchtE Bl bRidRation 300 may comprise circuitry

318 to receive an orthogonal frequency division multiplexed symbol over a single

subchannel through a plurality of spatially diverse antennas, and combining circuitry 324
to combine corresponding frequency domain symbol-modulated subcarriers from each of

the antennas to generate combined symbol-modulated subcarriers for the single
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conmbi ni ng may be perfornmed on correspondi ng
synbol - nodul at ed subcarriers received by the
WQ@pi0si673lt | n sone enbodi nents, receiver confiRUF/ESI004043056

300 may conprise circuitry 30 318 to receive an
orthogonal frequency division nultiplexed synbol over

subcgaﬁﬂe'ﬂ qlreAs SHRLE AR éﬂﬂw fheGboeivedl RIF sighily, aid tB@RFIstEnhls from
I'verse antennas, conbi ni C|rCU|try 324

eachcmtdnina 302 maydgwmpﬁqbl W@W& fgvdconverters 308a—d filtered by

e BREAIEAGE BBERS 0 SR g oo

circdittpGas Bil44-4. $iace & blﬁgh%lsnlgcb}mnﬂal 13/‘&129 0506 ,1tha signals from each
PCT/ US2004/ 043056 s

anlep WP S 46 R DB TORTECY 1 G QT G PO AT bR
VCAEBi ¢ R 2 \%Q&aﬁ%’sn%g _ﬁg@ﬁ#ﬂ?ﬁ@frﬂqﬁﬂw ERRUEN H@fInddviversion circuitry

downco rters Itered by filters 312a-d,
308zdto downenyved teoR Tl sighalafrost epshlasteanstafaseband.

| 0a-t 0 di ai
25495t 2ol SRR R 10 gt e
plpeﬁhQ (BII?I? tbr edvheatdina forahd sigmds ofithe ysiae smmm As illustrated in

eter ne frequency for,_d conver
FIG atlbl g epel WOLS16 Ry ug o8 CED ORIy PR 78 S e

p1peg{1§sq Eﬁ@ﬁz Hﬁ%ﬁégﬁro‘éeé@% 18t cth @Be Ghtefit, bliNougBABesddpk f the

) ovvnconv Si gna s from each anfenna to
unmhaaehammhnhndsmﬂnsnnbﬂﬂlnents receiver configuration

A X N I

d to f@mb\;'e! A§fdlidteRenkibn addlo %\ﬁrd ﬁﬁervdll @13 ﬁrbnﬁthe Betial symbol streams
processing circuitry nprise four, sing

promwmnainaa@rdlﬁé@ COE‘éﬁfﬁ% Pﬁ@lltrﬁélﬁﬁgl Yrhough Qles%C@PF‘a?%the
present ?q{?%nqy{x&gﬂﬁ]l’tedaihttﬁgy& eéth?heS 9{%? ﬁb&l@ carhd8 i{"béon

'S No i'S respect odi nen
convertedity & paratiof fogmrfat FISH cfﬁﬂﬁtryrﬁ%aadslff T cic¢wige 322a-d matyrpyerform a

s R e L S SIS B e

freqﬁérﬁsg' | Aachilb¥y ARl Rch A Re dibichierC BRYA AT Oifcutiry 626 hfay receive the
d, al tthough the scope of the present invention |s

symhok mbdu&ateéﬁubqaﬂtlﬂs,sm a@sprdlet formifer eashisgbcaskieiaid § mayfesiorm
an eg%%gaﬁon E@F&e L a%}gfg%%gﬂgg e/-l;ftér%rgﬁl?lﬁz%ﬁog Fﬂ—ef‘ @e@&'ﬁb& W¥main

PG
symb@Mioghilated 30bdapriérs amythealepappdd, ahd aperajisl-ofserial conversion may

t d |
be peyRBRFLIRIIP AFEEP AN AR BF Locomg D! FERIE 1A o eeyeraisecoded
bit %erﬁgein}’s%n{enﬁn%nﬁé’ﬁ{? Qhe OREMA @ﬁ%lﬁﬁgﬂ% ddrBsdulatbd fram the

I'T"el "form for each subcarrier, and it may perform
sm@ltaneqmaiecmat argrproeessidg ohoncrabehamakthranghifewn antennag, @lthough

at.ion,. the fre nbol dul d
the S8 ol FRareitvin) Spot dEMEEIT ARG 27 ErPel o-ser  a
co g}vi %61515 @ﬁlbg_aﬁnengbse c@lﬁbﬁlﬁfgrﬁiﬂ:uggysm4 dompBentrakinaan-ratyp
and/ or decodin circuitr t
conining (YIB&HOPD Y VB FETRIIAF. rﬂeﬁ‘% O PR DAA o cight the
t
freqﬁ%bfdc}pcﬁmga gg}?x%(ﬁ @%Jlﬁt@ﬂ%ﬂ&ﬁgn ne s gﬁﬂﬁ%’oﬁla[l? ¢8Blning the

proce one su four
corxﬂﬂﬁcﬁdﬂgﬁ‘recpibnd)od@hmn symbol-modulated subcarrlers substantially proportional

to their signal strength in combiners 332. In these embodiments, weighters 330a-d may, in
addition to weighting, correct, adjust and/or phase-rotate a frequency domain symbol-

modulated subcarrier to allow coherent signal combining in combiners 332. In some
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the scope of the invention is not limted in this
respect. In sonme enbodi nents, conbining circuitry 324
Weawp0é™eEs maxi numrati o conbining (MRC) cir cRET/EY2004/043056
havi ng conplex (i.e., | and Q weighters 330a-d to
wei ght the frequency domai n synbol - nodul at ed
embOUREALY t&ERePEdigutRioR 30D idyl iaclatié yneondunibings BBE fa@d@ach
correspondlng frequency domai n synbol - nodul at ed
subeuierarri ers substantially proportional to their

Si t
SRR RIS oL 155 s 2 62
and 880 NGsYA & 8B) eetillusicijadsts lmmgscvqnddesspamtatfan@wmal elements,
frequeni%gdonaln synbol -

one pLOROAhs FIAPTSHERHSTEAT e EORGRGFar 3ay vé b GpatedSy
combfda ﬁgﬁ)sséf%%f%ile E&ﬁ-ﬁgldm&ﬁ&ﬂ§ Qaéh @Jﬁ%@@ésﬁﬁgteﬁemdﬂﬁbhﬂﬁfng

configuration 300 may include one conbi ners 332 for
digiphsignalqubesasars EPSPs) andéugther ﬁéfdﬂ@éféﬁfl@’é'ﬁn@o]?ﬁﬁ eyapplo, prpsessing

FIGS. 1A & 1B
S G P PR oo g g
1nte$1ﬁ’€bﬂroﬁbﬁ1t§ SI0spAad cembinetions, of V’érlomnehandwrwddxbglt bizcuitry for

nctional elenments may conbi ned and may be
perfpriping gbleegdhe {ine Eﬁltﬁc??ﬁ?rﬂb?ﬁé‘e D.5of t war e- conf i gur ed

el éljtn%s 16%? (BRGL RGE B, %2§Jd9(9‘?@§ oA &Cimddna%oza-d (FIGs. 3A

di gl processors’ (DS and/ or ot
& 3Balmziwaompabedn:mtmnalmrom@mtlenal antsoBas m@dn&,émﬁample,

S SRR. oo, o R RO G o ps o

antepfANuRable 30 Sreptioaldf RUSsifial vvyethe rédethekngi ¢ circuitry

for 10 performng at |east the functions, ri bed
herlgispme mﬁeﬁm 518 eoatl @Sfe%we&wl@wldﬁgz elofe?‘ﬁ}f@fable
recegér eCaSIEZ:)Om tise le%ﬁnéj (ﬁﬁ&:ltlﬁcng\f‘fry@b SRdct RY oPﬂfEPJ Msaﬁplurahty of

iona omi di rectional ” ant ennas, i ncl udi ng,
spatiadly di‘xasmduﬁennad tpreceive nheomnasre Qfmrpimalle/ drwbdrmelsJ Bop

te , ype
e A e e P R Tt

confb%ée WhBh hord fhah Bns aRRn R dibeahse] idsdl&ted) Eb@éﬂp@bcﬂlﬁg symbol-
recéiver Is provided. The reconfigurable receiver may

modydatpd suhsanier efsubchamsls fron dtffqr@mS?he?tefl @n@en@e fn gomee or

o, B o8] cx R by Losly s corbeananr e

plura B0 fre@ivecdither theeeorfour smhyhmhsle V\dmn‘;armgtethroughput mode is
maxi munmrati o conblﬁgy circ

enafyg AR CBIOIGHTGhE BEHIn8 SHEHIAN w5 BaY SERR 1o four of the
ant&ﬁ%é' ﬁ) &ﬂ?é £‘gngbérm%hagﬁelmwaﬁﬁﬁ&e@s@@-@éﬂ@e' 186de0k enabled. In some
subchannel's™ fr

mdi fferent selected antennas. |In sone
embexdioetitsyig st;termesebmtl@n pizcusiey mey iselactait leagh Wfﬁbgzantennas to
t t |
smiGgpuT bR AR SO b Abala el o e i

thrdihﬁﬁﬂ)‘uttrﬁtfdébl gfawiabmdmd gnter@a ableatbn dlrtu&qnmay: sﬁectltlmmttmnas

e antenna selection circuyitr
baseyt on gipaverage signal-to-noise ratio L%the %bch%nels zﬁﬁa ugﬁ) the scope Yof the

invention is not limited in this respect. .

In some embodiments, the reconfigurable receiver may comprise up to four or
more single channel pipelines to process signals. In some embodiments, when the high-
throughput mode is enabled, each single channel pipeline may process signals from an

associated one of the either three of four subchannels. In some embodiments, when the
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antennas to receive a single subchannel when an

i ncreased-range node is enabled. In sone 25
wenssérent s, the antenna sel ection circuitry PERUS2004/043056

sel ect at |least two of the antennas to simultaneously

receive two of the subchannel s when the

incréa@é‘t{fﬁg@ fodaMo&aB R4, 428 gl \chahhdl QisHIRY imdy0stesesabignals of the

he antenna selection cirfcuitry may setlegct
s1nglersebdmme¢1ﬁa@wd§1d3'e@ aspoattedory efghe §¢19<ﬁ aRtglnH§; desome

h |
embf)%{}ﬂgmsr wh n ﬁle 11%}8%@8 r}?ﬂe% angt t{l{‘ﬁgﬂ fol Cp?ﬁ meggrea%g})%abled
a fir@ R élﬁﬁhﬁ plpdiﬁae mesyprbiegsisighdle of @ Giest vubchamyel cenepreiddy a first

of thg rsg]t@g’rga gg‘i%&%iﬂ 3 geoqroeﬁ 3{512’,% @ﬁ%&’g AL hf‘g npamé?]cels%ggmlﬁ Hf a second
subc'hQI'i&FlJ pReEd BRI fist SaacH thl@s(h‘iglc? tRAme] siPalitehay process

pi pel i ne nay process signals froman associated one
signalf of the fersttsubchanheloecaved yua sesand hbihastlected anispmas, and a fourth

s oAU B4 b5 08 @ o< Sauafor i g R dipanne seqeiyd by the

secoB@onitisopbRdGhfANE. pi pel i ne may process signals of
the single subchannel received by an associ ated one

of Fifieh i5e 4 harhat EhAEOM FignalaRePtioh BIr AR accprzee with
som% Q?jﬁb dit aglfﬁscg‘iﬁé gﬂgg&t adnkidle The %Eertaﬁﬁm%edﬁ%jﬁﬁ) Rhfbe

rst singl'e channel pipeline may
perfmnmddg&lwﬁbm mceivey sdhrasta rscdivéran aedordanse iwitharepsiver

r d t
conseih ] G 3 h Do TbC R ot SFOLEL AL 20, an
recefdP Emﬁa{tldh%' (FEGs. B &%)falﬂﬁhglﬂﬂﬂ@ﬂfbaelvarstﬂmy lso be suitable
si ngl e channel pipeline may_process gnal s of the,

to pérforst the uperatiomscof nreeedpiectOpln eenSEbaeeadire 40D ey Escpivg OFDM

com%{]utn?cgﬂgﬁs ovaepg @mf 1?13 q{]ﬁbc}?dnﬂglg %ﬁg@ﬂ&% orfthHi§! a'nfb%nﬁ@ﬁnd it may
FOCEEL S ghal's e secon annel received by

seletth&ly sadaftbetfveth thregthpot sl IangfemmaWLAN) eftionnaent. S’Uﬁlough the

TR PN —
one 'of‘}ﬁ%ﬁ% 6Qhe 1nmﬁdﬁ’£ %Bﬁ/lltahgﬁbsmgi bOp&ERHItaoAEIrdTRY, &Rl nothing

performed by an receiver, such-as a recelver in
reqlmmsd’radﬁlntae)evatmns beperforaed ltwqré@xrlﬁvst@fﬁ H0O (FIGs. IA

ecehver c o) | (3
S 0 SO0 P PSR oo v
subddahh)é! Gh sexhb embbéiaeintee bperﬁlﬂk)n 402snapselstiohabhtentzbtotreceive up to

performthe o er at.ions of cedur 400.. I n
Fourt e Rt Y REAURS 5y i LAY DBV SEpRAeRS i hTRP bR S e timited

ran%ng'n &Beﬂ%‘tﬁodﬁﬁ?&@ %@Paltl%n 4bs HagReRBELPD BB & BdleARRASas to

tively trade”of f between throughput
recedvech singlg subahame\lmmcb maiypoevienan inareaprst ighge with reduced

i-dua ns _.of 0]
troyipub oot oBR GBS RbRER AR B YieB ols T b fehna o
recdiVembRGhat &t@dub@lﬁ@h@l to@icvidesn Merepsyd throwgtiput and an increased
concurrently, and nothing 20 requires that the,

rangsp Beraanipie, BBCplen 60hEgy ﬁﬂeﬁtﬁwo @P’E%Paﬁ tojegeh eseig two
subc%ﬁﬁ&g b&R é‘l%ugﬁ%es&:loﬁ@ b AEMRnROLisHot NRiRd AN HfENF3Fect O

recei ve ohe
Operation 404 may process signals in single-channel pipelines. For example, when

a single antenna is used to receive up to four or more subchannels, each subchannel may
be processed in a single-channel pipeline. For example, when more than one antenna is

used to receive a single subchannel, the same subchannel-signals from each antenna may
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subchannel s. In sone enbodi nents, operation 402 may
sel ect one antenna to receive up to four or nore
wauskeimnel s, which may provi de increased t hr oRgGHPs2004/043056
with a nore limted range. In other enbodi nents,
operation 402 may select up to four or nore antennas
be pfdtested iff Sh¥R-cRafid] BliR1ifis IR dRABble, WhtChofttaP by irttenna is
an 1 ncreased range with reduced  throughput. In yet .
useddb leech rentivelmeeathen opp sibohprnel.ach subghamiecbBRY b6 PEOGERKH I

one antenna t [EeCek: r Suhehann
COHTJQP%(%H% Slgﬁﬁefwg%%g) gpqe ﬁlﬁ%‘r@%gﬁi“p%%l%g%ng@g%@gn cr eg% ed ik, among
othef 8GR, déWiicoaxasidhganabyetoadipil cdfPersivy, @l recorming FFTs to
ant ennas to each rﬁgﬁive }mo ubchannel s each,
genegate Fisapancy Hemaibyyanke! modylat E3THAISi s not limited in
thi | ipd1 33 kifat kdpresent
Si @lefea:?i?ﬁ gﬁﬁe a§%oé¥§?§ﬁ%tﬁﬁ%§$ﬂlgxa lefgée@a%?nﬁé a Si n%l ég)
the sanieesnbehansel UBatExampies opéragonf0a may combine cagewonding frequency

bch | s, h, subch | i
dom DO arHaR SR ETRS O oo e gHianht] AR 3 dte hutone
anteRMEisABdENBcdive the $88e kGbdhee® Ma sams iefifpodinsants; bpematibn 406 may

t he sanme subchannel -signals from each antenng1 may 14
perfym 2 0RSIMERIFI0 FPinBEFuLhe 2aueHoREng fisgwsE donjinsymbol

mod%ia?&f S P&Hﬁ@fgeélt}fbhlgg g{e{]sg:o%g gl’;]thg XRERtiGh is%?ﬁnﬁ@ﬂ@n ihi@Respect.

ne antenna is receive nore than one

Opegition 486 medy, optiandilysndi bk perfetmetin somepnbodisads whema single

correspondi ng si ngl e-channel pi.peline. .The . 1
antem@wégcﬁmﬁ Y PRI PoTE SHagharfeIF quevhen fis nelgchapnel pipelines
are 1158l ffeceide MTEREN LB HARNEl A BYepsliodnCH0dirBdyt govide Résibiiedfrequency

and performng FFTs to 5 generate frequency donain
domeimgyoibohmodilated subensters foregash selyshpenel Siat BoBcsiEsd.

cordhi ne. [ - : j ' t

D e A S A DR b P
domAfRGsyhy] aodbiated sabearasys dockiacly stivohguiesh ayemblatimientsshativedeive

nodul at ed subcarriers of. the sa supchannel, wh nor e
morf F B GUbGARRATES SOGTEAr B S A g SaparaTel EFBUSS of
bits %{é?};ﬂg%@ﬁ&%ted! Eacﬁ%&?al%ﬂ@%b%&ne%ﬂ% hQibdPferdns 10

m a maxi mumrati 0 conbi ning on the correspondi ng
subdhamgplency dommi n synbol nodul ated subcarri ers,

al though t scope .of _the,i ti ' i m '

2R D1B 552885 0 e BN B 8 AP gl e
subd¥@hfid) i@ ehaly e ot cemtOED NEsYintboMiem the dits fireacianibehamel.

is used to receive one or nnrﬁ subcha

: : els, or e
Ope{e!;{@nglilﬁgnaéf_ ipplHAG NS the, g%ra. gl gxoups A bits quree@g]ix %\@)c?lannel toa
yel I. 0 9
e g ARG RO AR 80y
incledehseaformargsdehmppmge deistetchannaid/etdecodisgr ecei ved.

Chah SompPreatinr Bt s et 8y Ao abf S osed
throS gRRA hlaly Ve et OfmEPENa 5820 aMikiles Bodaitatiemtievitd ah other

receive nore than one_subchannel. The subcgl[ri rs ma
emblodingrnin the selestion hefavepaingreased wpatiprd ipereagsdithropghpyganay be

madé Hy an &)ﬁg?atljoéﬁ%geﬁﬁﬁg bh $he @&HRPI Y CHMBRTRME thOsdlection may

subcar
be based on the requirements of the application and/or channel conditions. For example,

for voice communications, greater range and lower throughput may be acceptable, while

for data transfer, higher throughput may be desired.
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20 subchannel . Operation 410 may receive parall el
groups of bits for each subchannel for each

wgalwsienmel and may determ ne an OFDM synbol f POmUSRE®4/043056
bits for each subchannel. Operation 410 may i ncl ude
converting the parallel groups of bits for each
SURGIABREIntd 8F tBe invRAtiGH mhPbBidpRineARY if 0APOI & EOmBmaﬁdjn of
nor e serla?l bit streans. Operation 410 may al so

hardivars, lﬁdaWprfr dndrseftgred Embodiments elbtha dsrention ey aéﬁ@d?edfnplemented

o oA B Ly BB B ISR o
at lef® bﬁ@pfmdssbytoapem&ﬁn thdé operaﬂamldesmbtcdlhmmn oéamaohnne-readable

device. |n_other ?i? &e se ectl bet wee
medjugt gy decdudeamy dneehanis P@%&@ag PR {5 B‘é"n }Paad@m
read?&in% %g a%hﬁ a(%}%og c%ﬁ%?ér) dr @ﬂan%]ﬂ@ Qﬁﬁétﬁﬁe-réaﬂaﬁl@ 8Rlium may
odi ment s, e sel ection may based on the
includeqead-enty memco‘B’ (R ppidovaadeoss Ia*?mslﬂbfr(Re"th Aeagnetic disk storage

med%? glgtlﬂ : o ns rélhad ﬁ%ﬁ?\g}%@cﬁ{( 85\71 %ﬁc&%ﬁﬁg‘gﬁé%ztedcg{}% cal or other

fom&tﬂﬂrspa ﬂ:fd & (blegafridt ,wahbeg liheﬁfarédil Bl@ﬂ@b,rﬂigltaITBygﬂaB etc) and
desire 2005/ 067171 PCT/ US2004/ 043056
OﬂwEnbodlnents of the invention may be inplenented in one

C&B‘é?lta%% 1@éd toRBAIPEK 371C, F‘Q@rS%ct%Hjl 59h ‘f@[u?rmg an

Errboo? he 1 nven |on may al so be i npl enent
abstast thaswillatdvotie rsetcbr tasoertan ﬂﬂwcnahureané gcsa bf éaert@@mmﬂ

whi ¢ nd e ecy at.
disclye ol Soruoas s R PR s e o aERREu e payior
interPre TR YcBBe 6?§1€§1ﬁh§05th%¢ﬂmm may include any nmechani sm
or storing or transmtting information in a form

r eduithis! feretgyms detadled descriptign, vagiopp fRgtires are Omsmﬁﬁhﬁr%lped
o PR TR o b fdagob e s
metldidsde cﬁicttfsams noewite, 1nteppretedlas sdftecting almmﬂcrm,on that the claimed

fl.ash- evices, electric aco
conbiyf DIt 1ot D bR aHET PSP iy exBERE reiled in cach
clalrﬁ’aﬁﬁﬁﬁr h@fﬂe%ﬁéj&vﬁg%@ﬂﬁ reffciihvdntish HBMnSlessthan Al fedfdes of a
ers. Abstract is provided to conply with 37
single. cﬁscfk)seﬁ@thdmnﬂlt ﬂzms)ther fodlawing¢jaims are betepy stcorpraeted into the

aetafpd pesdripeh i eS8 Rl e T b 5 RBHAER GRS D

embbfigemst anding that it will not be used to limt or
interpret the scope or neaning of the clains. 15 In
the foregoing detail ed description, various features
are occasionally grouped together in a single
enbodi nent for the purpose of streamining the
di scl osure. This nethod of disclosure is not to be
interpreted as reflecting an intention that the
clai mred enbodi ments of the subject matter require
nore features than are expressly recited in each
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claim Rather, as the following clains reflect,
invention lies in less than all features of a 20
W@ 20080671 scl osed enbodi ment. Thus the fol | ow PCI/TE20041643056

are hereby incorporated into the detailed
description, with each claimstanding on its own as a
separate preferred enbodinent. 16 WO 2005/ 067171
CLAI M5 What is clainmed is: PCT/US2004/043056 5 1. A
receiver conprising: ant&dndMR| ection circuitry to
select . mr n one of a plurality of spatially
di \L)@raéésnag eéiﬁg‘as to receive an orthogonal frequency
di vi sion nmul ti pl exed synbol over a w deband channel
conprising a plurality of subchannels; and conbi ni ng
ci A cOiTessjver SOBBHBIN e cor respondi ng frequency domai n
SY IRRhna &1 0N AL Gy 36 Bt nidte ﬁaahrdﬂmora?h&eru@caf@ﬁaually diverse
antennas to generaté conbi ned | at ed

antemwsaamqeeresanfcm’rhogatmlr ﬁ@qmmdmmommdmemdoﬁw&rrhover a wideband

| wh h
changgftprinite o PREHIT S EEa ARl D | oo | ces g
pl gbr’ﬁbitﬁﬂg afcmxr% flfmkﬁmﬂﬂlhe écmqﬁam%g fleqiency dorﬁnnlntsypibeked
supcarriers an ere eac supcarri er
modglpkescsubearaiess M gﬁrﬁ@iﬂﬁ@sﬂﬁ@ﬂﬁﬁﬁ o g&flﬁ@t?d?&iﬁmadgﬁymboé modulated
subchRict§ ﬁl‘r%ﬁ%ﬁ gﬁ%ﬂﬁﬂx@’o e Qhiddand URaREr i ers of the

associ at e anne 3. The receiver of claiml
vvher ein the conbining circuitry conprises nmaxi num

{1 2o e EotiBH ol oy Fiberetn b AR delsd T Pl GRRRAE R
comﬁﬁpe%w{iﬁlhﬁr oftdithogbedl Giequéres ddvisibh Mukgplexddosubtaryiers, and

nmpri ses maxi mumrati o co |n|ng Clr

m.@ﬂenapaqheﬁlbpargghﬁ agfassqsiated g&)ﬁ@ﬁ@ycﬁ%t P fat sugstantlally a
cent2r- E@(@Jengggyetﬁéreﬁbéémgﬁrorf Jﬁra%s&rléte ﬁb%haﬂr%m)' ning the
corresp I'n

frequency donmal n sy ul at ed
subcarriers subst antr ally pr oportr onal to si gnal
strength. 4. er im1 wherein parall el
o GuRle Bioelvena! el HhesibeconPh e GES baPad imum-
ratid Ed?ﬁﬁlﬁﬁ&%rbn‘éﬁmty"l@ c§hﬁ'3ﬁfé4ﬂé‘&ir§esﬁ&ﬁﬁ1hg/ f8qidyice deha@fsytibel-

ant ennas, and wherein the receiver further

Ws@emﬁmf%w’qcb&mﬂsaﬁﬂ ormcircuitry to perform

fast, Fouri er f 3 . j

dontheFEE S 5foutFiES iy SbliCes Ry iy U iihe ey to
weiglttagleag s%ﬁie&ﬁ‘&lha)ﬁrequefl@uddmmn Isymboi—meﬂldaﬂed aubhdarrsdrs prior to

antenna of the plu [ ant e e(?el ve the
combyprh Eigrergspond tqgér Efé%dﬂ)&m&rh% m‘i lated subcarriers
substantially proportional to signal strength.

4. The receiver of claim 1 wherein parallel groups of time domain samples are to
be generated from each of the subchannels received by each of the antennas, and
wherein the receiver further comprises fast Fourier transform circuitry to perform

fast Fourier transforms on the parallel groups of time domain samples.

5. The receiver of claim 1 wherein the antenna selection circuitry it so select a first

antenna of the plurality of antennas to receive the subchannels of the wideband channel,
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WD 2005/ 067171 PCT/ US2004/ 043056 wherei n the antenna
selection circuitry is to select a second antenna of

wa bwspéural ity of antennas to further recei veP@TES2004/043056
subchannel s of the w deband channel, and wherein the
antenna selection circuitry is to select the first and

t NG IRRGO T AR RASction Fuities B sHl&dt ats¥cdhdsebnan ofithe plurality
average signal-to-noise ratio of signals_ in the

of antenyels & Ather r@ewe thihwibekanapls of thsr widehand chapngly a1

conpri sina: | ;

- aaistsih B8 poketfe SRERRn ARy € o BEPRI! ) e second aptennas
frontienbaaNgakahocin swerigeysignal-tbenwisoratieraf signals in the subchannels.

radi o-frequency signals for each subchannel received

t hrough each antenna; and 10 anal og-to-digital

conpv WoTarMal b g igo-di gital signals for

ea?h?ﬁét‘%g Vg%g%ﬁ?lgzgﬁ/rglg t@(ﬁ?%ugﬁg each antenna. 7. The

r edeineiseaimplifiaisto amphidy widio-fraguengy sigrals of afleast B or m

ircyitry conprises: first fast Fourier transform

Subci’??%‘%%t ry to performa fast Fourier transform on

paldaivnebn@resir@fitry todovronvert mdipireguenty sighals $or each
subchannel fromithe first antenna to generate 15

subgheegl spreyveddhianah SYRFBIABARIat ed subcarriers of the
fi raﬁ&lo?ﬂ?—?lg@%? Eonvel 2 LiRRithy fodeneAH BBAM:si RGN e{cAS

Fouri e ormcircuitry to performa fast Fourier
subdhaams freveimedrthropgh addhedntegmaups of tinme domai n sanpl es

of a second subchannel fromthe first antenna to

generate frequency domai n synbol - nodul at ed subcarriers

of 7 irge sReRREoBHIREN AR cirl thefhst FOutiterdnsfaiin drh@nnamprises:
third fast Fourier transformcircuitry to performa

f adtrstrfasiiouriex ransiaraT HICEHDpRMSIIOEN 2 T35t Siggueriransfora on parallel
donsi.n Saml; ' fehifa RE5ABML
o308 s AR Sauitles O st SlocRAERABRRLe bR hichtn RERgfece
freqaetyatonian symboltthedlated subsarehoofitbe fifst owbahhrnel Seoroig first
antenna; and 25 fourth fast Fourier transform
ante@P®eyitry to performa fast Fourier transform on

pars@térﬁil fa S TRMPSr RfnstdriEciFATR) 10 peafobhsfagiFoutier sar@itth on
subchannel fromthe second antenna to generate

pardflicbgnonps 9f doedomainsanplesoba geepnd gubehaanglfiam ghegirst gigenna to
gen?rgfegﬁ;%]él?&%? cﬁlogr{rl]aglg lﬁﬁ/l:r}f)é\]%ﬁb&&igteé g%&g%}%%‘g%@ Qecond sihthannel from

erein ning circurtry
the Gifipfitet@s nmaxi num 30 ratio conbining circuitry to

i Bt o4sS B DTE RO BOATDHB BSbE outet KARON on paralle
groups of time domain samples of the first subchannel from the second antenna to
generate frequency domain symbol-modulated subcarriers of the first subchannel from the
second antenna; and

fourth fast Fourier transform circuitry to perform a fast Fourier transform on
parallel groups of time domain samples of the second subchannel from the second antenna
to generate frequency domain symbol-modulated subcarriers of the second subchannel

from the second antenna.

8. The receiver of claim 7 wherein the combining circuitry comprises maximum

ratio combining circuitry to combine, for each subcarrier of the first subchannel, the
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frequency domai n synbol - nodul at ed subcarriers provided

by the first and third fast Fourier transform
W@R00s06TFY t o provide conbined frequency domai PCT/US2004/043056

synbol - nodul ated subcarriers for the first

subchannel , and wherein the maxi numrati o conbini ng

freqabicHtoiiain sﬁnlscq-rﬁ@dmate@ sublcafricePsiovii O ithd ffst artd hirdthse
second subchannel, the frequency domain

Fousighisensiarpueircaitetonipride combises Hggnansy doaym% fanbolapndylated
sub&ﬁﬁl% h?f@&%ﬁhﬁﬂﬂﬁ qﬁmtransforn10|rCU|try to provide
n% c} requency orral n synbol - nodul at ed
s u b;@lmrasm ehiesmbvimunineatvematdniag birbetrpéd to @mbiig foremeh vdrcarrier

of cIa 1fur er_.co ng. e lizer, ci.rcuitr
of 1P ORLSERATIED 1 B he B v B o sEabtp bityided
by thOs&BAD Qﬁd f(ﬁﬁﬂ&%&t%ﬁh@ﬂrﬁﬁf&rﬂﬁlﬁgﬁﬁl td§flovide combined frequency
synbol - nodul at ed subcarriers of an associ ated

donzurheymarienodulaied sihgatsiers foe thegrpimd sehchanpelui try.  10.
The receiver of claim9 further conprising: subcarrier
demappers to demap, after the channel equali zation,
t he. qasbéceddr ofylatoll fanticke lcainetisiagbcarri ers of each
subchannel , t qQ gener aral | el oups of bits
5 SORUUSE BT & BRI CH e BPgcBes PhgSubchdihel,
chafdlel Egﬁatl&éfuélporgﬁﬁ%ﬁﬁlﬁoﬁleﬁ s%ﬁgi-ﬁogﬁﬁfég QBbdirticrs bf 8@ Msociated
representin e orthogonal frequency division
submahnelmrewé@ﬂlsyyﬂbcﬁonfonmngcmmmr allel groups of bits of
the nore than one subchannel. 11. The receiver of
claim 10 wherein the subcarrier denmappers are to demap
t he 0, 28e paebB@r 6f @hisn 9fureiRe Boraplisingnnel in accor dance

PR A TR S
syn‘&égﬁ&ﬁuﬁ{ed@%@aﬂlé@ @adﬁ%ﬁﬁ%ﬁnﬁ&@ g}lﬂ;ﬁég?@ gaﬁﬁﬂeﬁgﬁoh?goia&ts from

two ant ennas ron1a ural i nt ennas
the sw}mefrriees mode than one subchannel of a w deband

t he subchann pr.i si ng,a,pluralit f 25 )
ool Mo SaE (NG Jo SPMRAR st abaE Lo itsaPh reBtesenting
the 6ﬁﬁ6goﬁamecﬁ@ﬁé>e&mm MltihleRed syiado] dRIRHR parallel groups of bits of
nodul at'ed subcarriers of the subchannels to

theg@nﬁaﬁhalién@@#hﬁhmlsynbol nmodul at ed subcarriers for
each subchannel; and processing the conbined
synbol - nodul at ed subcarriers to demodul ate an
or tHo@ae adcefvbe ofidainy 10livhersimthe subdainpdrelesdppersbe tofdemap the

t he nore one s.ubchannel 005/ 067171
SubgETFPISIES B %1 dBelia acepg anr‘?ﬁt“ﬂé‘o‘ %ﬁ? ﬁ\ Syhcamics modplation
assi Qﬂ@ﬁtb ulapﬁmle@ﬁbdhgnﬁe@% g&faioartwfeﬁafams F§0P51ts.

ar al groups of tinme domain sanp es

subchannel s recei ved through each of the antennas,

12. A method comprising:

selecting at least two antennas from a plurality of antennas to receive more than
one subchannel of a wideband channel, the subchannels comprising a plurality of
orthogonal frequency division multiplexed subcarriers;

combining corresponding frequency domain symbol-modulated subcarriers of the
subchannels to generate combined symbol-modulated subcarriers for each subchannel; and

processing the combined symbol-modulated subcarriers to demodulate an

orthogonal frequency division multiplexed symbol from the more than one subchannel.
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wherei n the conbi ning conprises maxi numratio
conbi ning conprising 5 weighting at | east sone of the

WO e@guenty domai n synbol - nodul at ed subcar ri er SPERITIS2004/043056
proportionally conbining the weighted frequency domain
synbol - nodul ated subcarriers of the nore than one
subthamhe eheth@hef cMiar Bl furtheecqmmising:i onal | y comnbi ni ng

oy TS RO ST SEN i<l TS EpUPSPF jine dormain sarmples fo
the ﬁ%l%b%g%ﬁél% ivb @G cath GPAk afifchggt h. 10 14. The

of claim 12 wherein selecting conprises:
sel ebereimghe cémbigingnennprises maxianmasatsf contunipE goaiprisipgof

anpt.en 0 recei ane annel i n
weigRlifin st SrhE By Siedliey RIS Ior BiodiFed LERARRLS and
propbrtioAdliyt c\bnﬂjinﬁ@ttww@?hted ffequédtgrdonedesysbolimedudated subcarriers

subchannel of the w deband channel; and 15 sel ecti ng

of theygorg thae oppepbichenneb@®Ad pairs of antennas fromthe

ol ) . DU . . .
o VRt hORRRR hally cSRRATIE (P RRLT S hind (1 FEAERE) Somain
symihoisarddslatayt subogtiefsysubgiantfadly peerointicmel ecthent sigmabstreagth.

radi o-frequency signals of the nore than one

subchannel ; 20 individually downconverting the

r adip-The QLRI cHifNEl Wh&eRaeRLEhY cdBprirach
subchannel and received through each antenna; and

gensstesting g figstpairal agtegnas of thepluedibhokamennas frefeceive one
LV, antenna. 16. The nmethod of claim

Sub&%?ﬁhlr%ﬁ%%%%#p% @l?a%lgelperform ng a channel

equsldcriag b oecond gparodaleyndsaf thdy@urmbityeof Anennane further receive

subchannel —op_ the comhi ned synbol - nodul ated 25
the Sip SH P S FIGUS0 ST aTER Bbchannel - 7. The

et pedtiff el MkiankGné Wdohe bai@@é%'t&hﬁ)@frpﬂ&ﬁ@?ﬁl‘rﬂﬁy based on a
~after performng the channel equalization, the
signpdidrnoise ratiprad signalsod thesubdhannpear ri ers of each

subchannel to generate parallel groups of bits from

the subcarriers; and 20 WO 2005/ 067171

PCT1 3386 abtirBsrabaipr BLshen@nipiingar al | el groups of

bits of the_nore than one subchanpel to genera a

si rigrRlifyeg ot gagh telestedantinna srdioalriquRRet High ?#@5 Gioap than
onel BEHARRQY division multiplexed symbol. 18. The nethod

of clarm 17 wherein the demappi ng conpri ses demappi ng
t heind&idaly dowheonyegingghe tadsstredueenne bighals aemoatdiyrfoeeach

i th Jndividual . subcarrier nmodulation assignnments
Sub\éf?ﬂnlelc a{Fce‘llVOC%tt reougﬁ 8%%%%1nat 2Bldfg;;‘ener ate the parallel
gr okHdsra6ifig @igdil signals for each subchannel received through each antenna.

16. The method of claim 12 further comprising performing a channel equalization
separately for the more than one subchannel on the combined symbol-modulated

subcarriers of an associated subchannel.

17. The method of claim 16 further comprising;:
demapping, after performing the channel equalization, the combined symbol-
modulated subcarriers of each subchannel to generate parallel groups of bits from the

subcarriers; and
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19. A receiver conprising: antenna selection circuitry
to select one or nore of a plurality of spatially
W@i20p806871 ant ennas to recei ve an orthogonal f rRCUESRIY4/043056
di vision nultipl exed synbol over a w deband 10
channel conprising nore than one of a plurality of
subgfaaaRRioShe pRdIISIRE@IsIIfBits BLNTR Adrd titinorleGubetanaelltagencrate
frequency "domai n synbol - nodul ated subcarriers of hq
a single deqodedh bis swear BeriieseRENS the ogBagea Eegugngy dalisign swﬁj@ exed
sy f.bits fromthe subcarriers, wherein the processing
Clrcuitry is to generate a single decoded bit stream
15 representing the orthogonal frequency division

o enEhe et otipl e ime SRR e margne ot BEs Ampbrife the
sub%hrﬁélg‘o% 2 eb el n 8RR R cSotBETB AR indfviduaBsuMcaieRaRtbdulation

annel conprises a plurality of orthogonal frequency
assigimupgi particular fopthe gelerheutsd &y ginsraie theiparadichgwapsof bits.
subcarrier of an associ ated subchannel has a null at
substantially a 20 center frequency of other .
sublgaArieesiserdfontpigimassoci at ed subchannel, and wherein

the antenna selection ciycuitr selegts t%? o?e or )
o rABTCAAR SHACHOT GIRHHIBHE Se%m% rgore Q& & @lugpity of spatially diverse
LRl el d i ' O ' BERSN9LSa wideband
ant GGl SdBhhiruomy M uduIlifR Sy BTN 43k wideban
chanieemprising imene thaneoe of g plusality of subghanrels; dadnconver t

dio-fr i gnal.s f 5 each L
- Birtig g SR epafise Senfe) AR SANE megulated
subHrBkrs df t1f rafRl tBarf G RBEAMNAE] th REnerstepaciidhg®ups of bits from the

processing circuitry to generate parallel groups of
subeqriigisdomai n sanples fromthe digital signals of each

pr BB BB ci Sl e o SAE dhcoded b sream,
repesdriting thef arstoghnalrfreguenayatisitionmsuliplesévbsypatra fiosi the parallel
sroftsci han o) tahaie (L S ST DTRBGRat ec- subcart i er's f or

each of the subchannels for subcarrier denopdul ati on.
22. A receiver conprising: 5 radio-fre?uency circuitr

to 20_9&‘ be vecewvier of ¢lpioy b?ja/]heqeilb%ﬁgb ﬁ@lgphgmq,q of the wideband char){nel
L e

maxiinzenreath subcanter of myassociatad subchtumet badba mell at substantially a
cor.respondi.n

frequenc mai n .s | -nmodyl at.ed
cenieh BEQIPEE O ORFbIIGHEIF A (LR ESaF AR EFE e at o
conphdred 1By AtShra selection circuitry selects the one or more antennas from the

plurality based on a signal-to-noise ratio of signals of the subchannels.

21. The receiver of claim 20 further comprising:

downconversion circuitry to individually downconvert radio-frequency signals for
each subchannel;

analog-to-digital conversion circuitry to generate digital signals for each of the
subchannels;

processing circuitry to generate parallel groups of time domain samples from the

digital signals of each of the subchannels; and
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nodul at ed subcarriers for the subchannel. 10 23. The
recei ver of claim22 wherein the subchannel conprises
w2067 ri ty of orthogonal frequency divisi onPCT/US2004/043056
mul ti pl exed subcarriers, wherein each subcarrier of an
associ ated subchannel has a null at substantially a

ce %QrFohﬁgﬂMﬁ%Wh 1ro|<aitberod1:&ufbﬁa Ifist @bﬁrlaftrddsﬁ)rms on the parallel
associ at ed subchanne an in the maxi num.ra
growmumer@omam sempley tq &en@@tmgg gw?ﬂu%w p@&b@gﬁ‘gp %?%ed
subcaRrid %’Péa H#e%ﬁ&la%ﬂag BrslBERridl deodufatioRNDI Ni ng the
correspon I'Nng Trequency domain synbol - nodul at ed
subcarriers substantially proportional to their signal
str th. .24. The. receiver of claim23 farther
coﬁ%& CRYYELROTEES gng circuitry to generate paralle

gr Q- ﬁ?é u%hé'sﬁm%ﬁh’@y 1 18661 @boriicpdhalsirgfighsy diettinvadltiplexed
by each qf he antennas; and 20 fast Fourier transform

symbpot @Yﬂrtarsybcmnpdrthmuﬁh p @buralety of spstiafly v anionsas: and

par d ;

P harpH IS i int LREr Py Fapb R AR Ry domain
synfoobmogiral subeatieis\fn b@ph&ﬁ(ﬂlm am«:rmamm gdrieeatpconbinsd mgnbol-

ircyitry to enera ngle decoded bit stream

Ino‘%ﬁFi§@%?Pﬁﬁs %%F frequency di vi sion

mul ti pl exed syrrbol from t he paral |l el groups of bi ts of

the 25 subehannel received by each antenna. 25.

sy si% e oensivies phglaina 2 Miiersin the subchanml camprisey ayplurahty of

onnl rectlon ant ennas; 22 WO
Oﬂ#ﬂg T?fy§%W§%@%%BQ#%%%g%%g&ﬁ'ghna sel ection
Ci r\ﬁhéréﬁn/eabl@ syteheih of /e &sbdﬁaﬂed euischafindl hes antikatabstaotially a
receive an orthogonal quency ion multiplexed
Cen?y hsanensy of Oﬁlewﬁl&%ssla%?as P%@ﬁﬁﬁéﬁaﬁﬁel A yral ity
n&ﬁéargi'ﬁecﬂg HiaRfrhih Q‘ﬁtﬁgcoﬁh’tﬁ GingRiehitry idRPweBki i Arely@éicd domain

ining circuitry to conbi ne corfespondi ng frequency
syndmirmadulaﬁecbgubbmlemmm &1 exnlyningdhe carespénding fraguency domain

sy oG G CUBEa oo T L R Rlan e Bt S ygenett

wi deband channel . 26. The system of claim25 wherein
each subcharnel of the w deband channel conprises a
pId%bﬂmﬁyﬂ@ﬂmﬁpfﬂéﬁ%ﬁ%ﬁﬂﬂWéaﬂéﬁ%VnﬁlV|S|on nul ti pl exed
i e
S RER ot 6 P hRE Do Cnlt he A BR3RE DR Fom
s1gﬂaﬂmumned/bpéadntdfehe sidmas; randrs of the associ at ed

i :J?fgﬁﬁal{l ief gra? oq@%ﬁy& #2&6{{52%% ?yﬁﬁ%@rﬁ nrprfs r(])nqge parallel
roﬁﬂémqimé@&ﬁblﬁtsﬁﬂpﬁzb' s gérlet B¢ theFdq@éndy on@iip kythbal-thédulated

correspondi ng frequency domain
subcarriers from signals received by each antenna,

the processing circuitry to generate a single decoded bit stream representing the
orthogonal frequency division multiplexed symbol from the parallel groups of bits of the

subchannel received by each antenna.

25. A system comprising:

a plurality of substantially omnidirectional spatially diverse antennas;
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synbol - nodul at ed subcarriers substantially

proportional to the signal strength of an associ ated
wausaémier. 15 27. The system of claim 26 wheP@Ii/HS2004/043056

paral | el groups of tine domain sanples are to be

generated from each of the subchannels received by

eaghieha Eélfctﬁ)ﬂtc%@ﬁﬂlﬁh to $E18Etehorelthr Griesdfene antérirasio receive an
conprises fast Fourier transformcircuitry to perform

orthpaertal Regudnsy divisier ftinlexsdisprabphever pavidehand shagrel pompprising a

domai . sanpl e r.ei . enna sel ection
Plur&ﬁ‘iyc"lfi?{eﬂvgf? -%%Bar\sﬁgﬁésgfg&g [ Sr’g‘ltlﬂ Hant enna of the

pl whaimt-ntio caMbmitgecirasirg v coatdene eortdsporsling fraqueacy domain

of the w deband .ch nne%é ggerﬁin t he .ant enna selbectdionb1
symbpl-gartvlatedsybeagriars Lhogt thy selgeisd ANtERRas A gorraip Rgmbined symbol-
moc&lj%%cﬁédbt&{ﬁrieg foR Bi @B shahAel dfith R ideb@sEénaandine

annel's conprising the wi deband channel, wherein
the antenna selection circuitry is to select the first

t d.ant 3 t [
an 2 SReSEE B ERE 25 Wt lhisDeiBhibiAr i vIRORR e
coniltpﬁ%ts\/hd Pluedlity bf &ﬂhﬁgbgﬂrffﬂqaenc@'rtﬂyi\sMrr_ﬁmlﬁple?ﬁl subsheiers,
urther, conpri ses; wnconversiqn. circuitr 0 .
| VA0 £RF SRS AT 5o ARIP G SYHSBEEReh B3 S ighah wbpiaptially a
cent%f"ﬁjﬁ%&elﬁgg BRpME! sv.fb'agrfre?sctﬁ”'tﬂ@éjsséaﬁt@é! ghh@amiklafidenna; and
anal og-to-digita

convers[qn C! rqw t_ry tQ enerate .
di gilieatinshgmakisnhoratmammbisog sirbatrnnisl weighiehe igquency domain

hr ough, each, ant.enna. 23 .2005/ 067171 .. .
sympplr OB oA DHIBYE° BEor R SoR I GETearying faguency domain
synfoBRIoIa0Ql suBEHrABR 3ubstdreiatly propottichial to the kignaledteagthaien

or nore of a plurality of spatially diverse antennas
assqeipteebicdisicone or nore of a plurality of subchannel s;

and maxi mumratio conbining circuitry to conbi ne, when

nore than one antenna per 5 subchannel is selected,

corl7e The sgktery of yiahm D6 midrdimpadllel groapsraféimedomain samples are to

subchannel s frao di.fferent sel ected antennas. 29. The

be GeagaISaArorB £ Ghths UG RO H B AL L B o
Ci IgikrkinYhd Systetn BRIRE &Qxﬁ%rise‘s a6 Fo@e tRnEPANRIBhitdNe perform
plurality to receive either three or four subchannels

fastilomrientrarisfirm erhihe pgtaplat gravRreof tinederppiagamplysmher ei n

t he_ant.enpa_sel ect i I C L [ :

Doy RBh TR AR B Gd lg bt BB BBLMR AR, ity of
antétigftoacdine theaabchanreigef thio dddétmnéd ohiinel], and wherein

WV A0S GRERT 8O CIBTHEY {SiASTIESt 3 < Ry T plurality
of ahREnSURHIARGSESIVOEE stttk &RSSHiNAINE iddWind BRardden -

wherein the antenna selection circuitry is to select the first and the second antennas

from the plurality based on an average signal-to-noise ratio of signals in the individual
subchannels, and

wherein the system further comprises:

downconversion circuitry to individually downconvert radio-frequency signals for
each subchannel and received through each antenna; and

analog-to-digital conversion circuitry to generate digital signals for each

subchannel received through each antenna.
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t hroughput nodes are enabl ed, 15 wherein the antenna
selection circuitry is to select the antennas based on
W@enosayarage signal -to-noise ratio of the subcPEREigd084/043056

30. The receiver of claim?29 further conprising up to

four single channel pipelines to process signals,

mhggeAqe%ggggugabgrgfb@mtcbﬁ-@ﬁgﬁgut node i s enabl ed, each

single ¢ annel pipeline is to 20 process sigpals frgm

an anisBNTeAtation GHEUiLY to priewion oF Moy ela pluralify,pt spatially diverse

subchannel s ] mpge is enabl ed,
anteg%aéﬁo §?%b‘ieedng\rgg%%é% B%ll %@f{lﬁ%ﬁ?éﬁ{c?}&%}%cess si gnal s of

t henaimaheatio benbinig circaitsi toednibynea whas swré ttasdne nateofa per

t he selected antenngs, and when.the i.ncreased-range
subcranel Fesekscgs. eor b SyBCRlamagetE pypCatrien S ibcRartels from
ool ] Sichgde channel pipeline is to process
dlffgsr%lgf%egt%gfa g ?%rst subchannel received by a first of

the selected antennas, a second single channel

pipeline is to pPro ' : g
P08 Tatresy it PR o Eithe afbefh RERODEcirSHS AORBlect at
leasPdriRentdiRalof tHeplRfalined Secedtegsithesthode drifouf subshannels when a high-
subchannel received by a second of the sel ected
throughtraih mesle i9gabledi ourth  singl e channel pipeline is to
pr | ~ EOhtdih
i hgﬁ-%geil% &%@Pgélﬁ&% cﬁﬁﬁﬁﬂﬂls 34 89banpes gﬁ&%‘tﬁéeﬁlt as to

e sel ecteéd antennas.
receRROBINEZ STichRil WHe0 0d Li343eebraRe modeds phabéeds azdiabl e
medi_.um.t hat provi des.instructions [ e
oy UirERiB g o eiug B 40 Sl B P s o
simABESITY RREI8 WO 05 tHe@UBdHafh¢lgwhee tiRdhirBgsedirangeamid thevhigh-
antennas froma plurality of antennas to receive nore
thronghput mades argisapblathel of a wi deband channel , the
sub S I LS hE (] f, I
rr SRRl BB Aol B e o RO A on an
averagé sigaglandiong rhitieofthasyboienmslsnn synbol - nodul at ed
subcarriers of the subchannels to generate conbi ned
synbol - nodul at ed subcarriers for each subchannel; and
Pr aQeshé RYetvBECAMRI TEMrE¥ Ehprissh hptoctdussihgla chirgies pipelines
to denodul ate an orthogonal frequency division
to pragessi sigreke vhstabol from t he nore than one subchannel .

10 32. . The. hi ne- ' ' . '
t nariondb Bl SRR e, W Aindl Ao RS B
prod¥d fﬁg@eﬂs ﬁﬁhﬂbrpz{s@@tﬁﬁ_ Sc?blset (;]ﬁ:thel sitheralrde pf ﬁmessmmf snieds,
erform operatjons further rising; perfqrmng .
£ asvhandh Fisreesrchags IS ¢ Fnaaled dash sl henng! mipglide is t
pro%ggﬁgg%l? éﬂfﬁ'e Sl Pdubch R BeBGPaNBehPads6G Rl e bhiHRWeRcted

the ant'ennas,

antennas, and

when the increased-range and the high-throughput modes are both enabled, a first
single channel pipeline is to process signals of a first subchannel received by a first of the
selected antennas, a second single channel pipeline is to process signals of a second
subchannel received by the first antenna, a third single channel pipeline is to process
signals of the first subchannel received by a second of the selected antennas, and a fourth
single channel pipeline is to process signals of the second subchannel received by the

second of the selected antennas.
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15 wherein the conbining conprises maxi numratio
conbi ning conprising weighting at |east sone of the

WO e@guenty domai n synbol - nodul at ed subcar ri er SPERITIS2004/043056
proportionally conbining the weighted frequency domain
synbol - nodul ated subcarriers of the nore than one ‘

subghanpehincaesiaphanedionitha Rowpey fnsendiohy whambivhemgxecuted
conpri ses conbi ning the frequency domain 20

by osg pbuloreproatsaeIsACay B AT PIOSPSOL IR PEEPRMR gpergtions comprising:

propor.tional t hei ' The.
e SH Rl b kb OB SHARH s TRgtve mor

one kubthini@l b §idedamhichahnelt thersubotmanéle dorbyrisinga plurafity ef of
sai d grocessorsh cauEe sai.d @{ocessors to perform

orthegnuah: P@ﬁ@cfdﬁ@$@ﬂn@-ﬁﬁ?¢gﬁ AldEPecting a first pair
of cal%ﬁﬂﬁgagor%}%&ﬁaﬁngotréq&hb HorRhin@PiBOPADdh1Ated@GBéaBers of the
e nore ot

th an one subchannel of the w deband
subobhameheto; genetatrotantiynes syathohthadulatedofubeartiersfaseash spbghannel; and

| [t f i
P i B AR S ubaEH RS o ffod Rl an
orth6€IRAE frefi@nti dividisrsinuAiplexict aymbolofiein pizs merecthamohesubabannel.

fromthe plurality based on a signal-to-noise ratio
of signals in the subchannels. 25

32. The machine-readable medium of claim 31 wherein the instructions, when
further executed by one or more of said processors, cause said processors to perform
operations further comprising:

performing fast Fourier transforms on parallel groups of time domain samples for
the subchannels received through each of the antennas,

wherein the combining comprises maximum-ratio combining comprising
weighting at least some of the frequency domain symbol-modulated subcarriers and
proportionally combining the weighted frequency domain symbol-modulated subcarriers
of the more than one subchannel, and

wherein the proportionally combining comprises combining the frequency domain

symbol-modulated subcarriers substantially proportional to their signal strength.

33. The machine-readable medium of claim 31 wherein the instructions, when
further executed by one or more of said processors, cause said processors to perform
operations further comprising:

selecting a first pair of antennas of the plurality of antennas to receive the more
than one subchannel of the wideband channel;

selecting a second pair of antennas of the plurality of antennas to further receive
the more than one subchannel of the wideband channel; and

selecting the first and the second pairs of antennas from the plurality based on a

signal-to-noise ratio of signals in the subchannels.
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