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SELECTI ON AND MAXI MUM RATI O COMBI NI NG 5 Technical Field Enbodi nents of the
present invention pertain to wireless electronic comrunications, and in
sone enbodWEWPE067tRe present invention pertains to ort REHHRA0404B¥Bquency

di vision nmultiplexed (OFDM conmuni cations. 10 Background Many nodem digital
communi cation systens, including wireless |ocal-area networks (W.ANs), are
usi ng synbol - rodul at ed orthogonal subcarriers as a nodulation 15 schene to
hel p si gnal®1§dF¥RRIER REERVVER WIEHt ANTFAWAN §EPRATTIONaRRD rNHIMEHI REEICand/ or
strong interference. Othogonal fr&@Y¥EREINGI vision nmultiplexing (OFDM is an
exanple of a nulti-carrier transm ssion technique that uses

synbol - nrodul at ed orthogonal subcarriers to transmt infornmation within an
avail abl e spectrum One problemw th many WAN receivers, including OFDM

receivers, is that they 20 are |I%Jhﬁgaf£wltdhﬂ r har dware configuration as

to the particul ar channels they ca as well as the bandw dt h of

t hose channels. This | eaves such recelvers |aneX|bIe as to tradeoffs

bet ween t hroug t .and r(gﬂge. W.AN recei Vv 1 mc[? 2 O.:DM receivers,
shoul d be abl e HPORIRGALS, %qusqnéglggrgpo&?g ﬁlglgwug ésneﬁ Mannel s in

accor danCQ:omﬁdmcahmt hﬁdlfh%othfa efdbediiens pthe prdertirmehtiGprRirsng ofesiogal( | EEE)
standard 802.11 (a as_25 deband channel s for high-throughput
oper at i onsfrequéh‘f@awwﬁfpéﬁ&eé(%chma}wawst to make tradeoffs between
t hr ougfpput and range, especially when operating in high- throughput and/or
w deband nodes. Thus, there are general needs for transceivers, including
recei vers, and methods of conmuni caBeekgramet si gnal s t hat provide
flexibility between throughput and range in W.ANs. 30 1 WO 2005/067171
PCT/ US2004/ 043056 Brief Description of the Draw ngs The appended clains are
directed to soMamyfmddeen digitalcomnmemimatiomsystemspinchidimg wiredess hdcal-areent i on.

ey R VL B0 55SER  RReB IR oG SBBAH 5 ZoER o

15  scheme to help signals survive in environments having multipath reflections and/or strong
interference. Orthogonal frequency-division multiplexing (OFDM) is an example of a
multi-carrier transmission technique that uses symbol-modulated orthogonal subcarriers to
transmit information within an available spectrum.

One problem with many WLAN receivers, including OFDM receivers, is that they

20  are limited by their hardware configuration as to the particular channels they can receive
as well as the bandwidth of those channels. This leaves such receivers inflexible as to
tradeoffs between throughput and range. WLAN receivers, including OFDM receivers,
should be able to receive both legacy channels, such as channels in accordance with
Institute of Electrical and Electronics Engineers (IEEE) standard 802.11 (a), as well as

25  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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with the figures, wherein |ike reference nunbers refer to simlar itens

t hroughout the figures and: FIGs. 1A & 1B are bl ock diagrans of a receiver
in accordance with some enbodinents of the present invention; 10 FIGs. .2A &
2B are bl o®O WP¥Y7THAs of a receiver in accordance with BEHES20844845 ment s of
the present invention; FIGs. 3A & 3B are block diagranms of a receiver in
accordance with sonme enbodiments of the present invention; and FIG 4 is a
flow chart of an OFDM signal B ieCIDesi] ccdiapngsn accordance with 15 sone
enbodi nents of the present i nventl on. Det ail ed Description The follow ng
description and the drawings illustrate specific enbodi ments of the 20

i nvention suff iThe@ppenyed elaidiainé &réd‘e!d&&s@hd:bﬂtﬁdv&rﬁbdsh&b@dﬁndn& ditlgct i ce them
Q her enbodi nents may_i ncor por truct yral, logical, electrical, process,
and ot her F&Pﬁﬁﬁ*g‘é%entloEﬁiﬁWﬂVé’ét QWPPS}OWE%EPHI@%W&P &hs. | ndivi dual

conpongnt §nandahaing bf GiSodhénts emlb BRadnt HiveRfch ml dofibilbréd PCUAhE&|n and the
sequence ofmgeratl ons may vary. Portions and features of some enbodi nents

may be i ncvithiba figureswhegais like taferenceambers seferip sipitaitems threugiputiope of
enbodi nents PJ a}]gle invention enconpasses the full ambit of the clains and
all avail dbl e equi val ents of those clains. Such enbodi nents of the

i nvention nmay FGs. dee&rla:lareblmckldmgramsdxﬁalrd:oplvor 1nwb¢rdmaewet1ysontcere| n by the

term"inven or, conveni ence and wthout intending to

vol unt ar i I%V‘Lq 3}1&#‘3@1‘%&’8%@?’ 015 application to any single invention or
i nventjigve conceps,i2fA &Beart bRk l@ran® of B rdceier M 8Coraed. willsoldeCs. 1A & 1B,
FIG. 2A & 2B, and EIGs. 3A & 3B illustrate sone enbodi nents of various
recei ver (Féfrhofi’&éﬁﬂéﬁtq fSRePIPFPNLEYERIPRNCe With the invention. Receiver

conf i gur at | ons k360 344 OB ard ot ilrardW0a (&b inbosiaaidh yARELGAR0 (FI Cs. 3A &

3B) may be part of a wireless co nication device, and they may receive
ort hogonalemhodqmw tipe mem)msmt@mamﬂ PCT/ US2004/ 043056 di vi si on

mJItlpIexed(e , the
receivers nmay recel ve an %{%&5 ljl\% I%P%lpﬁonéeve : néggﬁ?ﬁqsyrrbo S over a

wi debalrsd csonlmembodunentsod:‘ﬁa:rpméentfﬁivmtmndeband channel may conprise one or
nore subchannels. The subchannels may be frequency-division nmultiplexed
(i.e., separated in 5 frequency) and may be within a predeterm ned frequency
spectrum The subchannel s may Detailed Description

The following description and the drawings illustrate specific embodiments of the

20 invention sufficiently to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other changes.
Examples merely typify possible variations. Individual components and functions are
optional unless explicitly required, and the sequence of operations may vary. Portions and
features of some embodiments may be included in or substituted for those of others. The

25  scope of embodiments of the invention encompasses the full ambit of the claims and all
available equivalents of those claims. Such embodiments of the invention may be referred
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.

30 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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conprise a plurality of orthogonal subcarriers. In some enbodi nents, the

ort hogonal subcarriers of a subchannel nay be cl osely spaced OFDM
subcarriers. To achieve orthogonality between closely spaced subcarriers,
in these enBBaAEFHE the subcarriers of a particul ar PEBAHAN4OK30F@Y have a
nul | at substantially a center frequency of the other 10 subcarriers of that
subchannel . Recei ver configurations 100 (FIGs. 1A & 1B), 200 (FIGS. 2A & 2B)
and 300 (iwists matiplex@HE.gri)FDM) cespwnticationsignalsnlnl soneteambodimenés; diever s t hat
may sel ec increased
range rmdlées?gl%% néag?rgcreﬂ}g%ﬂc%bn@ﬁ{aw?%gél \%&2%#@3@% i on(ﬂlg‘% f’ FIG. 1A &
1B) may serhdbbandmmnwaﬁomcﬁﬁnelnﬁ‘hmwabbdndomamebhmyabxhpzyseodnes:pmdral |y diverse

ant ennas t ecelv t han on subchannel of and channel .
it o ¢ Sl R bt wan B pRRER B Riorhy BeltheEn Sttt P &1 ed
subcargi eﬁs? ehéy)"ahﬁlﬁla \bemﬂhlm@;fsled@ahﬁﬁumqume} sBectin) gihe stioRMuselsh®} may be
determ ned fromcontri bution romthe subcharnels received by the two or

mor e ant efdTBRIIse pplusalifyof eﬂ%nﬂéﬁb@m%éww erabpdimgiis.dhe erhomonaloo (FI Gs. 2A
& 2B) ”aysdb‘é&?ibfé%f%ﬁ&h ﬁt&?&?@@&@& o??x»ﬁsdﬂcgl%{ef’sn?g%ﬁ?é@ Lhannel — with

a single antenna select e Ity of spat i verse antennas. In
sone ot heorth@qbajdy hetween clpsad:)espaeﬂ:d subqfrrlga,rlalthesmembtﬁﬁl(nﬁm@sthe Stbc&rBB)ofmay

receive a_sin bch n e. t.han ur.a f spatially
i ver Se ahPNAYE BRI het AP TR SrbrRng 25 bn B bl sbeoBir
Corre$®0n@hblagrnm_ssrdﬁ¢ﬁammm:ﬂxbbd subcarriers 25 received by the different

antennas. In cordance with s ei nf| rat i ons 100
(FIGs. 1A & %"ewﬁb@o OH%@@F%?MQ@O?@& y‘gﬁ‘%ﬁ ﬂay recei ve
synbol - moguGatads 38)eA Hel rédonfighiraBle GRllEHARRS] YéckivelsHBit halUR]echyddgar ri er
nodul ati on assi gnrrents This may be referred to as ad?{ptlve bit | oading

(ABL). Acepsraip ﬁgmyreassdéhre\aglw% @OMStagd/ﬁaylcwesegqang@pn@be f68MBy a synbol
modul at edfﬁgo&néﬂgpq cfef EonfiEitiBRAYD AN ARSI MIB Moo o Sftfore! N Vi dual

subchanne ased on aract'eri'stics or channel
condi 15 ona;nteltnas froimaat plenabtyanfispatia) lydiwersetagﬂenmdseo gceiye nwie thhg oneivent i on i s not
t he .subcar r| er

limted in,this r I ment s dul.ation
assi gnmanf‘Lg) ﬂad'ﬁ) lrogf? 8?%%%};@8%?@? @W@O@g)bﬁ@‘ﬁ F%%WBM 043056
SK nbol bt oOlua)rte@pdrﬁgmglwymhsar-mobmlhw pefcagiersofedm tHetwb ek ffﬁ;r@éntamﬁﬁl aatlia0 R :c evel s,
t he subcarrier ul ation as ri |naryp se shift
keyi ng ( BB3Y§ OF Wé}ﬁm ?Jrﬁ‘ﬁ}/rhec‘gf aé:mﬂ}‘i B’&“gg'%%‘?ﬂ‘ %Fe phase shift
keying ( QRaked 8¥#he Bwo or more antennas. In other embodiments, receiver conﬁguratlon 200

20 (FIGs. 2A & 2B) may receive more than one subchannel of a wideband OFDM channel

with a single antenna selected from a plurality of spatially diverse antennas. In some other

embodiments, receiver configuration 300 (FIGs. 3A & 3B) may receive a single
subchannel with more than one of a plurality of spatially diverse antennas and maximum-
ratio combining may be performed on corresponding symbol-modulated subcarriers

25  received by the different antennas. ’

In accordance with some embodiments, receiver configurations 100 (FIGs. 1A &
1B), 200 (FIGs. 2A & 2B) and 300 (FIGs. 3A & 3B) may receive symbol-modulated
subcarriers in accordance with individual subcarrier modulation assignments. This may be
referred to as adaptive bit loading (ABL). Accordingly, one or more bits may be

30 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

3



comuni cates two bits per synbol, 8PSK, which comunicates three bits per
synbol, 16- 5 quadrature anplitude nodul ation (16- QAM, which conmuni cat es
four bits per symbol,, 32-QAM which comuni cates five bits per synbol,

64- QAM  whi VKO 2005867 cat es six  bits per synbol, 128- QANCTRISREWO46STUNI cat es
seven bits per synbol, and 256- QAM  which conmuni cat es ei ght bits per
synbol . Mdul ati on orders wi th higher data comunication rates per

subcarri ersyfpl Bhpdo lh dteste bit@pe%rsyﬁ&Mrﬂyan nivalyilaien VéveWe the 3Gbdatieer

conbi nati on of the synbols nodul ate on e.ndivid sub arrl ers. Because
of the varPg IQIWGﬁﬂéF“‘B‘FS BRY compyyse has‘?‘rf?dﬁ%@f‘@%l Wi and the
variable %Hﬂ?ﬁﬁm&ﬁeswegh@efwnﬁool fa;aadrarﬁyepmseashhmeﬁn mmga%l&lhannel the

nunber of bits per OFDM synb recei ved g t he receivers ‘may hﬁﬁ/ greatly
For exanpl @mmw@amséweﬂ?ﬂmrrﬁefmbgl 8BSK ewlir @?mrﬁwcat@%t@m@ﬂ@wsym déband 15

Changglprox@a te y@imﬁoan ea(fclﬁlt%?p[{) h@éﬁ%@ﬁgﬁﬂg{féﬁﬁgﬁﬁ%ﬂ °pg%‘§@dtigw4gt 2?

nore ort h%ﬁgQJAM wiattecswharcatésdns Hitm pemngymbol pA€QAY, whizhebetmménates fix

PO sy il a8 A pie P S Bl Bt SR C oo B RR M uercy

spect runs WBich dortindribaBeightaris @br syasbol. Aodubitiph bkersSwiile higheedata i N either a 5
GHz frequency spectrumor a 2.4 GHz f uency spectrum In these

enbodi ment IURHECAHOREHESRER ﬁ’E&‘Fr%@é{ngﬁPﬁy i ncl ude frequencies ranging
from appr oxi mat gl YrhnPsyntbod nfly @é‘zs'leV@GQS mé%o%bﬂlaﬁ%i;oﬁﬂaegmm HRYulafeg! ude
frequenci es rangi ng@]{‘lrom appr oxi mat e K 2.5 G4z, although the scope of
the i nverer b indivi Sllhchﬁl’teéﬂdBﬁWuﬁ%@fsﬁ ¢‘é§¥?bl§tnunﬁ>gf oftitsiper 8 cy spect rums

100 (Fi s, ApALgHd bRl Ao o BARSERAGLERAG: whPRRY VapgRT, ST 0t "
part of a welelamdahamielitheatundes oﬁ‘ma;rner OFDN symbol techllveqbbso theprecdlv,dnd mayonput er

th I t | eph
L

camer aj5 anchafifed fet m@y BémﬁﬁseQIphﬁ foud @Y e subelianfidly hivesebatRiwadttd @tr transmt
I nformation wrel essly sone enbodi nents, the receivers may receive

radi o-fr ecﬁP@FFE%matEWr%QMHE’a?PFlGﬁ%h ofithe.ubshanaels mayiheye HASTEnEB muni cat i on

standards, g@na@aats BbcatrRed b %Bclﬁ%\%ﬁébbﬁ%lm f'?éffﬁw 19S5 I|gpgineers
(I EEE) standa ds including the | 2005/ 0671 PCT/ U 004/ 043056
802. 11( a) , otBgzmbodimentsgdreceivenhey regeit¢ ar OBDM syenbol averarsirnglé swbchinnel ess | ocal

area networ k

In some embodiments, the frequency spectrums for a wideband channel may

20  comprise subchannels in either a 5 GHz frequency spectrum or a 2.4 GHz frequency
spectrum. In these embodiments, the 5 GHz frequency spectrum may include frequencies
ranging from approximately 4.9 to 5.9 GHz, and the 2.4 GHz spectrum may include
frequencies ranging from approximately 2.3 to 2.5 GHz, although the scope of the
invention is not limited in this respect, as other frequency spectrums are also equally

25  suitable. '

In some embodiments, receiver configurations 100 (FIGs. 1A & 1B), 200 (FIGs.

2A & 2B) and 300 (FIGs. 3A & 3B) may be part of a personal digital assistant (PDA), a
laptop or portable computer with wireless communication capability, a web tablet, a
wireless telephone, a wireless headset, a pager, an instant messaging device, a digital

30 camera, an access point or other device that may receive and/or fransmit 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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communi cati ons, although the receivers my also be suitable to receive
communi cations in accordance with other techniques including the D gital

Vi deo Broadcasting Terrestrial (DVB-T) broadcasting standard, and the Hi gh
per for mancaQ 285067k 8cal Area Network 5 (Hi per LAN) st and&€H/US2004/64305%

enbodi nents, the receivers may use up to four spatially diverse antennas to
exploit up to four 20 MHz channels. In sone enbodi nents, a 20 MHz channel
may be r@bEt1(8)] 801 Kb), 8031 hig/t) and/br8ikécstandhrda for wieddess docah aden attwolin

accordance with sone odi pents. of rec er uration 10Q (FIGs. 1A &
10 TE) L AR Te ARG RSB g e B B O A BRI e
oper at i on@fordhce Mil ofpaindiiniliues WchititapDigial TRk Bisadcadting Teareiiigi ng on each

subcarrier_involving two active antenpas. In sone qf these_enbodi nents,
recei ver é%ﬂBr”@tPf@ﬁdP%ﬁﬁn& slandasg, and tha High Rexfermiapes mgiodrasak Area Netwerkna

sel ectton chooses a pair of active antennas wth the best
recei V:S ng(%ﬁelgﬁwcégaghgﬁomfour ant ennas. These enbodi nents may 15 provide a
t hr oughput of Imiom emwdinmn& thietrecetriets- mayighe up e faur spatiala divsrseianfeasas al t hough
t he scope, o0

S ect ..In sone
enbodi m&*nf0 eXp °|’ Q&)%ﬁ gﬁ@?ﬁ fns?'glgtem%mg’tg&gaargb MHZS Ckiaﬁléé?ggglb\‘?er t hat
may ChOOS&f&ﬁ’dﬁltb\a@a bﬁghtsubdh@ﬂlcbedfswﬁxtebmd“tfhhmemf four subchannels for data
transm ssion t redu col lisipons, |n accord nce w odi nent s
of receiver co %‘Eﬁ%&"iedﬂ gre(Eiedimenly Oére"fﬁfeﬁ W&Pnggo Wsﬁ%ﬂ?ﬂnannel s
nmay beg US@ﬁz R0 20 BAPS SubdhA8E18 RchyWaaRdEl sQﬂﬁi‘tﬁ\l’M@JﬁdQﬁarﬁﬁl opériidadfdpd dth with

adaptive antenna sel ection that may choose one antenna wth the best

recei vi ngMigmbrndwisils with aﬂmﬁwewmsatfwn%wra%% tachsabardFTdRval e i vi ng.
These enmfodi ABDLSeHY. 1Y QHXEQ?ﬂ?F{] N ré?:talvb'lpco;n Fﬁﬁaﬁoﬁ@ W, th a
possi bl e reduction in range t he "'scope O e present I nvention is
not |im tenhultanetoluslg 1mpkpaemtan azsenhmsdcr@on teahnigqueshatrchooses agaivodactiet s of

recei ver con u channel s may be
Leod to s nmted Wi e SealoRsitink SPncifi dront b e s SR RERERRT
adaptilye priveiRnahsaignit bOWp o8 Meps vittoakieratgeoparition dapabilities dioudhe st

recei vi ng condltlons of four for tr$p§n1tt|n and/ or receiVving. These

enbodi menth® scopsof thegrrpsgat ventiog igymas dimited 1t Bistgsperi Bssamme: eﬁnl?;ﬂ‘ilm?ﬁﬁ oved range,
al t hough H&@w@ﬁ&ﬂﬁg&ﬁh@t@l dﬂﬂaﬂ@&ﬂ’ﬁf a chYl@d’éNePfhat MayBhodst felthd 1da8t t hi s

respect. In accordance with some enbodi ments of receiver configuration 300

(FI Gs. 3A1<&de<13®})cha@nés gﬁ@ehambannﬁwomﬂétar@@érmﬁ@anw halp restiee eqlliombas wi t h
adaptive maxi mymcralihge 3@@@%@ e@%oﬁ&e%%fd% r&MREAL g lratibf 268856 SR QJI MENt S,

recei ver configuration
20  2B), four 20 MHz subchannels may be used to support wideband channel operations of 80

MHz bandwidth with adaptive antenna selection that may choose one antenna with the
best receiving conditions of four antennas for transmitting and/or receiving. These
embodiments may provide a throughput of up to 216 Mbps with a possible reduction in
range, although the scope of the present invention is not limited in this respect.
25 In accordance with some embodiments of receiver configuration 200 (FIGs. 2A &
2B), three 20 MHz subchannels may be used to support Wideband channel operation of 60
MHz bandwidth with adaptive antenna selection that may choose one antenna with the
best receiving conditions of four for transmitting and/or receiving. These embodiments
may provide a throughput up to 162 Mbps with an improved range, although the scope of
30 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
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WO 2005/ 067171 PCT/ US2004/ 043056 support transceiver configurations with
possibly significantly inproved range capabilities and throughput of up to
54 Mops, although the scope of the present invention is not limted in this
respect. | nWOAS/06HEbdi ments, receiver configuration 300PCEAyS20®/0930s¢ of a
transcei ver that may choose a | east | oaded subchannel of four band
subchannel s for data 5 transm ssion to hel p reducing collisions. Although
Eecei ver capbod uaﬁeéi&allscoﬁﬁgul(aﬁdarfﬁsnithlﬁbs&b?rlﬁignimaﬂf Eh}ﬁavecgﬁn& @hbiatgeh 300
FIGs. 3A & e illustrat sgpar at.e i one enbodi ments, the present
i nvention aa’}ﬁg‘)oﬂ%}ﬁtﬂtgpg’554?]}45Pseaﬁ£°&‘§ﬁ%l?eg%?%?r}éﬁ‘?%r€ BVeRtaRIs B operate in
accor dancelimied fh thid @espedtClini sofialehib¥digfentsSRedivacosgiratgin 300i clfdet dffal Gs. | A

& 1B), 200 (FIGs. 2A & 10 2B) .and. 300 (Ees. 3A & 3B), |n addition,
embodi ment Banseelyerdhas maychposeeast loadedaubehanne) of fovs bridsubekanpels fordata

conpri sg tﬁ%ﬁﬁgs%%gglk’ﬁg‘%”&nﬂéﬁggﬁ’nw | as receiver circuitry, to transmt

conmuni cati on sigha e received by receivers in accordance wth
recei ver conf i ghtlaughmeceivedcqnfig@ationsal 09 (FKYs. 1260 1B);1208 (FIZk. 2A 282Bxand/ or 300

(FIGs. 3A . 245, haref.arri lGs. LA & 1B.. recejver. configuration
100 i ncl ud%(g5 é%sér?%\a& 3?%?%0@ P%rﬁpe?ﬁgé)argt?l tlﬁlisf)?lﬁ eﬁ'éﬁdlfnc?gfsée{hgé)fesﬁ%r e than one
ant enna of ingertlonratsoipryvidds asirgflé @bonfiguchibleaesever tliat fag opdidfan dcdoddanecei ve an

ort hogonal f ncy division multipl exed er.a.w deha hannel .
The v depattih Sidrabnslsy ofipy P hBwat TN BHDsot £ 4 Tl AP i €
frequepgy- SBPAIB0OCFIOTARNTR), $n addER, ¥iBbodiRBhts BFHhe it i¥EntTBY algd SO 20

I nclude conbining circuitry 124 to conbi ne correspondi ng frequency domain
synbol - nodalude Bansseibers fat eemprisedrapsBifet HECUL), axvel aﬁa‘iﬁ’?@ﬁﬁé‘ﬁrcﬂmgéner ate
combi ned  syighe oot ali6H s RHACHAF ey B fe2civalty edvéiSn fR6RusHAGRRNNE!  Of

t he wi deband channe nts, antenna selectron circuitry 104
may sel ect reaeiférreonfiguratéons d 00 {FIGshEA 8 1B)a200 (FIGS. 2an& &) asd/e0200 FIGs 3Aecei ve

t wo subcha% )s of a wi deband channel, and 25 the antenna sel ection
circuitry ey al so select a second antenna of the plurality of antennas
102a- d13 o furt hei referiag weFIGsel A B0l B kbehen oaifigunitioh 160 ictiglbamdersaannel . I n

some enbodi ment ant enn election circuitry 104_.mm el ect f. of
ant ennas tﬁ?l‘?"EE’éfw Ctni%ltrya?%é‘ﬁ ??ép?r%ﬁlh%f“? apfe pi{‘ﬁ"ﬁ% SPaHBOdi nent s,

antenna seigglké Mierfilak CoZald ¥ réEdvd BYorthidRRE fredutfcy Hi&ﬁion&ﬂ@ltiﬁf&ﬁe@%&%@
antennas based on a signal -to-noise ratio (SNR) of signals in 30 the

wi deband cowenasvidebapd ehannele Firowidgeandshanngl @aneompnissarqre fhagioneaf ¢ ry 104 may
select th b € e R of signals
h the w A et oA Re R AR R RF Cor Ao (B B BT P chif ry
may sel@ct inthde tambiaingeirogsy 124 to combine corresponding frequency domain symbol-

modulated subcarriers 123 from the selected antennas to generate combined symbol-
modulated subcarriers 125 and 127 for each subchannel of the wideband channel.
In some embodiments, antenna selection circuitry 104 may select a first antenna of
the plurality of antennas 102a-d to receive two subchannels of a wideband channel, and
25  the antenna selection circuitry 104 may also select a second antenna of the plurality of
antennas 102a-d to further receive the two subchannels of the wideband channel. In some
embodiments, antenna selection circuitry 104 may select two of antennas to receive two
subchannels simultaneously. In some embodiments, antenna selection circuitry 104 may
select the first and the second antennas based on a signal-to-noise ratio (SNR) of signals in
30 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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with the best average SNR for both subchannels. 6 WD 2005/067171

PCT/ US2004/ 043056 Recei ver configuration 100 may utilize | ow noise
anplifiers (LNAs) 106a-b for each selected antenna to anplify RF signals of
nore than OHR2MHBTHHNNnel , and downconversion circuitry POS/USL0u/Nd0ss dual |y
downconvert RF signals for each subchannel that is received through each
antenna. For exanple, when two subchannels are received 5 through two of

ant ennas 102a B.,ecqimmbmumﬁmﬂiog maytutiine b@@noimnilpiﬁ'iew(éNAsr) d06a-b for

dovvnconver t i f the first
subchannel cé:fq“é\%i%ﬂge y&o#@rﬁuﬁﬁ@fﬁ’%ﬁ@%ﬁﬂéﬁﬁé&%& sg aﬁ% VaélldSI on circuitry
108b to dmﬁmweﬂsionleﬁcﬁlhgnesso mtlividubBy dewmodveatiRE bignale forr qaciesubetadnyl t he
first antenna, third do SI o circu 108c .to downconvert. RF
signal s oftd Freqerved thiough pach ABfenRA £ v@aﬂplfy“%ﬁ%t%%wﬁ%ﬁnaﬁlﬁémgwm 10

four t hsdoveNVRioIraRtefhdsCODS-HYreddiRa chRfiAPMIBA0Y @dy iffTudd MRl s of the second
subchannel_ received by the second antenna. I n enbodi nents, first | ow noise

anpl i fi er dowogmvemsipna#rpitnyyl 08nio dwngenyige RS signtn afifle first sbchamelraeeivednd
second | oy [&% hfde€dnd &%P%Mlﬁfﬂﬁlchl&ég 1b§ﬁtcﬁf cgﬂ@ér?%f E%Hh%] pe second
t houg

antenna, al the scope o invention Is no Imte
respect. Awm sebcbnnlmbdtaedel rehoived by e fustomtening, dhird dgwrk@8versign ﬂziictpirry)W@e bot h

component & EPRABUGHRE RERGR Spi P nE ERGEI B RLBR stconf ATERR 116 ¢ <

reSpetm |f6hrﬁcﬁmneﬁm¢d16fﬁﬂfc&1tryhmﬂlt@m&oﬁvmBl(gﬁalgﬁflﬁléaédoﬂg circuitry 110
sel ect |c%el y generate _one or, nore heterodyne frequencjies tqQ_convert RF

Si gnal s ofulchanteleceived by the seaond aniawIas In gmbpdiaents, firstio-ngise pmplifierr

het er odynegoéd nﬁﬂy%ﬂﬁﬂfyr@é’Rﬁ @i%ﬁﬁlﬁ' fioth RO fitsh SntBafal érﬁi%@éndslkmcﬁb?éér&ﬁi lifit? Sone
enbodi ments wheh two subchannels are received through two of antennas

102a-d, héPer way wpkifycheBR signgle fromthe segoed antennay sittough theypcopsrafithiede a fir st
het er Ody”?nJeﬁﬁ&lH‘s‘ %Sé’luh?eé "t ¢ %s@ tL AN 1?19@‘9%1“8&9%%5%;&%3%{{5@&# 1y nh8a and
0 ba an e dyne

108c to downconvert I'r st anne seban frequency
gener dfi ngrovidertmth ianha&éLQ chmmebrcompdmants andquar&aﬂuﬁpirasd@mhdxmet)uency to

second and fourt d onver I 108 d 108d to downconvert a
second sufSEHBAIEE %glou%\é\@‘@ﬁgﬁ?&o Fl}?ng)% Wﬁ’(?\él PER ’s“atrﬂﬁerfsé’lﬁ‘étdyne f requency
generating cir gidnieyerdBddim@its, heleroaynsRequehdyx@tletatiggitiedittyy ViU mage control | ed
oscill ator VCO? to generate a constant, reference fre uenc and a direct

digital sy®edHivs YZE?P‘?T@TB[%P of glogrhfdsradime Srequangies icanmert BF sigmals ofither al i ty of
stepped f peGidgRri®ehanielk $ Bkt d TIRPARNGIar UERRIIFAE RquchsCh) Gdpekd Bn MBY al SO

20  the particular subchannel. In some embodiments when two subchannels are received

through two of antennas 102a-d, heterodyne frequency generating circuitry 110 may
provide a first heterodyne frequency to first and third downconversion circuitry 108a and
108¢ to downconvert a first subchannel to baseband, and heterodyne frequency generating
circuitry 110 may provide a second heterodyne frequency to second and fourth

25  downconversion circuitry 108b and 108d to downconvert a second subchannel to
baseband.

In some embodiments, heterodyne frequency generating circuitry 110 may
comprise a fixed frequency voltage controlled oscillator (VCO) to generate a constant
reference frequency, and a direct digital synthesizer (DDS) to generate a selected one of a

30 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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conprise a frequency conbiner to conbine the reference frequency and the

sel ected one of the stepped frequencies to generate the proper heterodyne
frequency for each downconversion circuitry 108. In some enbodi nents,

het er odyne WP a{a@¢7dy1 generating 7 WO 2005/ 067171 PCT/ USZQTA/SQ6130&056
circuitry 110 may further conprise a phase-locked |oop (PLL) synthesizer and
a frequency divider to operate with the VCO to generate the heterodyne
frequenci esrcuitye0 nugifhntigu rcampnsesa phase-lwekeddbopv@DL) gentbesider and Hft@ready ne

frequencie al so be._sui odi nent s.of the present
i nvgnt i on. cﬁgg%é%gp%tp “86%#? Waf %ﬂer‘fﬁgh ﬁﬁ%ﬁ‘?@gﬁoﬂg‘?’ﬁﬁé B pass 1PI lters
(LPFs) 11 cdafighritivns forl seREtiwlgcmkratiog hétbtlodja& fedquandies Miodlembé Qitable¢si ved from

associ at ed downconversion _circuit ré 108 and anal og-to-digital conversion
(ADQ) ci r ¢ with embadimgnts of theuessntdndiniPlal  signals 115 for each subchannel

recei ved throus&f&@&%ﬁﬁgem 100"maI1% lea@mbmtseﬁneewszém -gppl s 115 may

conprise a seria stream for each subchannel receiv 10 through each
ant enna. Dilgr arsd/orsaucgnmlllste sighalinfoyingtéan rbgﬂl\rﬁdrftqr@ass odigted dowaeamivension

configuratig 01 O | r cuitry
116 to dermoftr&q? %glgé/na%%iﬁ[\)j s@gl’gag?gndeﬁwglorre ml)r%%&&gln# g dq&‘%&f rfﬂgfh fg}téli gital
conver si omgna]lsrl(tﬁlfdrre;chl%ahzhna]&yomed\thxdegtaeashantahnasmmmhe aﬁbo&l&mxft@r both the
| and Qchn nent s lntheenb in, FIGs A &
115 o R RE Ry SR eI SR o B e g e hannel

pi pel ime itBrogftoaddh hen@R Thgied srgmslm;hﬁhaémeyﬁoﬁlbmlsaéﬁeéeﬁ@ ved by each of
the two antennas; however the scope of the _inventionis not limted in this

respect. oan%eweloedﬁedmhmoceﬁseéém digital sigmal pjasesting sirawtsy A toal so i ncl ude
circuitry djeglgglrlatg ah‘bfrlﬂmé %Ede%nﬁféﬂ soﬁha‘?%d{ 0J1gigali%gﬁ'vér§?$ rval (d)

fromthe seri synbol prow og-to-digital conversion
ci rcui try circdity ldié}a-dlrnaly(mqhdtt MErsbsypé)obﬁtreBmefopb@hﬁmI andy@eltanoel i s not

limted in_this converted to a
el 1ol el BPEE sop Rl LERRL SR e R R sib e oSBT LT 1500
d. FFTsci :c rpipelihes(SCPRparel stivawh. Pedingde ehaanefl@aiehf@mrshe«m fcrrge&f off tioon the pgr ?I | elj
groups o ti me-do n sa erate frequenc rralns - nodul at e
subcarri ersgbc'f?@le?sltga%e?ﬁg’g ‘gﬁéb Pﬁgﬁféwoﬁ?—t M%’F&tﬁiﬁ%ﬁ’% y al so
generate qn@hﬁ&p@lnoeﬁﬁﬂtém{nths%sp@@ch subcarrier of the received subchannels
based on recei 31 of training synbols, althou%\ﬂthe scope of the resent

s

invention is nétsamegrmieadiments, ﬁe@meee@éemah@e mevglsei tcrryuln_rzzl
combi ne cof i eSRAIY Bl ERMFRDNAAL BRI it AQGT) from the serial symbol streams

20 provided by analog-to-digital conversion circuitry 114a-d, although the scope of the
present invention is not limited in this respect. Serial symbol streams 121 may be
converted to a parallel form for processing by fast Fourier transform (FFT) circuitry 122a-
d. FFT circuitry 122a-d may perform a fast Fourier transform on the parallel groups of
time-domain samples to generate frequency domain symbol-modulated subcarriers 123. In

25 some embodiments, FFT circuitry 122a-d may also generate a channel estimate for each
subcarrier of the received subchannels based on receipt of training symbols, although the
scope of the present invention is not limited in this respect.

Combining circuitry 124 may combine corresponding frequency domain symbol-
modulated subcarriers of the same subchannel (received by different antennas) to generate

30 combined symbol-modulated subcarriers 125 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.

8



nodul at ed subcarriers of the sanme subchannel (received by different
antennas) to generate 30 conbi ned synbol - nodul ated subcarriers 125 and 127.
In some enbodi ments, conbi ned synbol - nodul at ed subcarriers 125 nay be
associ at ed WPRPPSA6TITY st subchannel , and conbi ned synbolramadRzb@tezhs6
subcarriers 127 may be associated with a second subchannel, although the
scope of the invention is not limted in this respect. 8 WO 2005/067171
PCT/ US2004/ 04 30h6om¢ embadimentsjuotibing sircuitgymiidiongprists makituyn-tafid conpri ses

maxi munmtrati Q.conhi ping. circuitry.haying conplex (i.e.., |.an

o i or & ompitiog RCE et having (amiey 0 iEo WEhER: (30550 gteidi the

subcarri erge Eﬁ@rdohﬁirwgﬂivél-moﬂﬁﬁ{ehléumﬂ@rﬂbﬁtﬁ té ?@poﬁﬁhﬁl@;ﬁ&ﬁﬁmiﬁg tier equency
subcarr s substanti al

domai n synbol - nodul at e rier y proportional to their
si gnal st rewgsneniing fisawney demansympal-mpdlated subsarigisriubstantially prapegionaoa- d

may, i | i ' bgi F IS 1 Q& ! e,

f rgquenrscyatggﬁn%ﬂl Sgé]? {/%{?\gﬁh%n%gﬁgglf gg%ﬁ@té%ersggﬂgp&.lrg@g?’l \gt&lgigtgﬁzr@%tﬁ SI glr?al
conbi ni ng ddditivordiveighting, 3otreReaskiusy and/ arehhdeerotate 4 frequeacy denrainkwobdlncl ude
equal i zer ci i 126a- farm channel i j on on

synbol - mdnﬁ?%ﬁ%%& gs%ﬁ%é?ﬁo%}lé&fgg&gﬁglgﬁ%om 1}1%1nr§:g)?}xﬂ%léer§g§ir eceived in
paral l el for edheisedwoafiguration THemahdlsnmtludeeqializaicirontryd 2658 tdpsfEmon

channel estimtes provided b he EFT circuitry. In ne .enbodj nent s,
caaal | zer AGHABEA SRR syRgl-BoRRd FubsHEets 125 RA A D B HELERY DAt | o on

the compi ngekivadh phrallBIGHF B SubchHRE AMheicBirheDdquakizafios faly deDdsed WACAADRE!
provi ded by the conmbining circuitry, although the scope of the present

i nvent i on §stmaigs provided by theF K h¢itcuites Hesome empodinendhequealiserdiifeittysi26equal i zer
circuitry - J i ' fo er denmappi ng

t he conbi n%%ﬁ%ﬁngg}g?pﬁagﬁ%a{ edﬁesggggigﬁﬁsgflgﬂéjo@néﬁa@d%ﬁgghjgfgﬁ%feato generate
par al | el gmubeaosersbf &i assodiatedsubbarmelqravidéddrysthe Aotdbiningreacuitrypaldwsegntpe
circuitry 128 rﬁﬁ enegateta Si n‘%lle F coded bit stream which may represent
Lhe  or t hogE STtleiERt e nds BoF aiter RIEostPesy nbol . from the paral | el

g(r]I gupslsof | bits 1@Eora@emmcﬁmem&mqailﬁgﬁuthr%F~b thay endieghdlent s,

addi ti onal processing circuitry y. jnclude demapping gircuitry,

dei nt er | oeAURRFatOT O fufhpr Srepmstnibe %&mﬁmuhwﬁgemréoy AR

demodul at egh, GRRM) $ Bt ate ;Ld}amg?ou?g@p&its%% fhe sOBHRRHS, | ARIdilRAPRB&SSng®Y demap

the subcarriers of each subchannel in accordance w th individual subcarrier
nodul at i orcircaidwi 138 maytgsngrateta singladecoded: tilstreaipovibich alay reprggentthat e t he

par al | el ' L n: . ggg&g - k- i al
conver si oﬁgrﬁﬁég&@gﬁgﬂeb% %@%ﬁﬁ@?ﬁl@é& [ n%’ fgﬁ&é@\% ﬁ%]rgﬁg &‘%Jrs oglgléscs) i ng, and
decodexd bimorstianame $@hamnel. Be sgenembddadents, additional processing circuitry 128 may

include demapping circuitry, deinterleaving circuitry and/or decoding circuitry to generate
the demodulated OFDM symbol. In some embodiments, subcarrier demappers may demap
the subcarriers of each subchannel in accordance with individual subcarrier modulation
assignments particular to the subchannel to generate the parallel groups of bits. In some

25 embodiments, a parallel-to-serial conversion may be performed prior to deinterleaving
and/or decoding, and decoded bit stream 129 may be generated.

In some embodiments, the channel estimates generated by FFT circuitry 122a-d
may comprise a channel response across the channel bandwidth. The channel estimates
may be measured based on a channel sounding preamble aﬁd may include a channel

30 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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In sone enbodi nents, the channel estinmates generated by FFT circuitry 122a-d
may conprise a channel response across the channel bandw dth. The channel
estimtes may be nmeasured based on a channel soundi ng preanbl e and may

i ncl ude a ovarevsios3 esti mate for each subcarrier frequeRays009/08505E

enbodi nents, FFT circuitry 122a-d may performan FFT on known training
symbol s (e.g., the long training symbols) so that a channel estimation may

be deter m»{?ﬁgccfnﬁ)ﬂle:@@ﬁﬁbsﬁiﬁh@?éiﬁ&@ﬁﬂ the eﬁhﬁa%xﬁ&@g@t@m&%mdegmhe zer circuitry

126a-b may perform a channel ual i zation 1nt ency domain 9 WO

2005/ 06717f1eqpem@smm4symb9b5@du e subcarrisromay/bd mahmﬂtandélpﬁ phasestof tlee
h I
cymbol - o L el BhmPARhUER Sultarlcion) §PANREE Yo £ 4T bllgin o sign:
frequency fdnﬁmnhermya:dsmhghpdlmmm&ubcar riers may be aligned to a zero
igindg | f f h t
erbodi rent o, psent enbedpes FIAARSC oI AR Briece BEYFER cufyfV) Bmoa 10

perform ano ?Homnam'labﬂ pdralte] @raps of tithé dEmala @ﬁhﬂfﬂe§@fﬁ)ﬁﬁs subchahntl fidh
subchannel from the first anptenna to generate frequency donain

synbol - modhs Hisbentennade generts frgquepppdamain symbaleqdylated supgastiers néthnﬁr%tt
antenna. Fplciahfid fokd the ﬁ?&ant@mmaw@lcﬁangg@%zém 2 ﬁﬁﬁ%c'l:d:d-g S?Sdnaw ry 122b to

performan FFT on parall groups of sanpl es of a second 10

subchannel ciferitiy 120k tof parforman F&ima parelighgrevpstof timeadpowire santderedfia second

synbol f, t t first
a%tennleom%@f&m?%lg@ﬁp&gi%%%n&to gQ rag%g%%ﬁ&@%m@%@ rﬂ(}gﬁltry 122c to
per f or m arsubdafriers ofthe ad:doadl Slgmbmpsl ﬁbmtthermst:hwmnm FRaeippuésy Ratdraay alsst
subchannel, fr econ e e ate f uency

Synbol - modBf M B ArPr Y d285 Bipor RS FEL o SHa e gt AR doBeibnd
antenna. HRehp kéoﬁme%utkﬁwh&%%aﬁdmmse@bmnmﬁh wigentefaw&éqdéﬁa Gdmighli try 122d
to performan FFT ogtgiaral | el roups of tine domain sanples of the second

subchannelsymbehmpdidated subsarrigr mstsubghanael Atom the seroad ajteaearlifh
synbol . ”Dddﬁ‘c tnﬁgﬁ%gﬁ?&ra'ls%ﬁﬁclg&hfoﬁ%gﬁQﬂﬂ%ﬁf@ﬁlﬁﬁ Hotrh QHFF’T@E Pﬁl%ﬁand

antenna I'n so ment s e generated fromthe
si mul t aneqreupsef tinstdopmaih qanmbes’ﬁthage@ﬁldtsuhwh&uhbflemnbé secoimd aigimatevo ant ennas,

o housh 200 9888, ShmbliS NERLA DA BB e PSR BB . 1o
one subchahsdcomf amennh daaind eﬁiBa[iﬁrmhamhe DFIDIM sytgbibl anayi legeqerateti dvnpthe el ect ed
rom 2 P L SR el et e, S SaneS 2020 olasom enod rent <
pr ocesg) NGhe€a%Pe of the invention is not limited in this respect.
In referring to FIGs. 2A & 2B, receiver configuration 200 may receive more than
one subchannel of a wideband OFDM channel through a single antenna selected from a
plurality of spatially diverse antennas 202a-d. In some embodiments, receiver
configuration 200 may comprise a single channel pipeline (SCP) for processing each
25  subchannel.
Receiver configuration 200 may comprise antenna selection circuitry 204 to select
one of a plurality of spatially diverse antennas 202a-d to receive an orthogonal frequency
division multiplexed symbol over a wideband channel comprising more than one of a
plurality of subchannels. LNA 206 may amplify the RF signals, and each subchannel may
30 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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25 subchannel . Receiver configuration 200 nmay conprise antenna sel ection
circuitry 204 to select one of a plurality of spatially diverse antennas
202a-d to receive an orthogonal frequency division nmultiplexed synbol over
a w deband WQaMWa8¢71¢onpri si ng nore than one of a pl ur alrcoyusedossadosshannel s.
LNA 206 may anplify the RF signals, and each subchannel may 30 be separately
downconverted by downconverters 208a-d, filtered by filters 212a-d, and
convert ed than sheGubdhhnisel gngensralfardilel groapsoaf-tits fivigtht abcanieve Digitah sighalcui try

214a-d. Digital. signal,processing circujitry.216 may conprise, anong ot her
things, suEtsRFREArolSR DR Srac s Mgl Broreaink ereyRy oh Benetele

synbol - noGigtd @RodedtiirehBRe9 edprésbatinFhe otkbgdhal 2RADNS GividioPalitipie@4/ 043056
t han one subchannel to generate paral groups of bits fromthe

el
subcar r i ers¥mbgj i ghe 13018 AN onp FERG %rgxeLén ST enbadiment; htegodype Gegusapy i se
addi ti gnalgept OGESiciano 10y dedechivel PERRFAS ShetdobfleraifeRISar Qich Stream 229

representing t orthogonal “frequency division nultiplexéd synbol fromthe
nmor e t han subehasngd theomwertt RF|signglsof theragibules subsharnel torbosgbard.f r equency 5

generating circqui.tr Q liect t .frequency for
each subchanngS 1{1%33& 8%#\}%?@’@6’& ?ttﬁfaﬁ\{grl %P‘%?%g{“gé’r f‘?‘gﬂ?ﬁ@%@%&fﬁna to
baseband. digital kilgheds 2 B8 feemiportionG18 2l may gorhprisefowrsiglecmand pipetines rcuitry 216

may receiv igital signals, 215 fromportion 218 and nmay conprjse four

o gl o chadres. Biheemeltimesisnipn shalachalis! SReid a ety AR BERIRE. channel
pi pel ijpe MYoUPhARESPp®BEHS HREHFGHTS hot 1iRited ih MAYERpdche scope of the invention
Is not limted in this respect. |n sone enbodi nents, receiver configuration

200 may al so | WeBemERembediments, yecesE condigution AN may alsg indludesitewityi2dPa-and/ or
my ¢ ' : _ .
guara in Eifd;\égéméﬁ % c cf19git5ﬁ§?onsﬁw&?€a?§ Eﬁg@val?(?,ﬂagﬁﬁ thd¥e Xft i oP¥reams

anal og-to-digita nversion circui 14a houg scope of the
present i rprendaddy anglogao-digital camatersiontchrcuitry 834red talthdgh thesdopk ofthebol streans

may be 15 converted to a. parallel.formf.ar processi by fast Fourier

U r ane or mECHPRRY o 5t iR ifthissBnRhe, Phe BLACTERR Bkt it pezozac d. may
per f Ior1r51 a conedrtefodis b?ﬁllél feunsfop gmceqsiﬁgiw nfgm&?ahﬂiﬁltrlangbgm Eﬁcuglfry 22 2wed. drageai n
sanpl es tq, generat requen mai n synbol - ul ated . subcarriers.

Equal i zer FOPPERjFans nzfeaulmﬁé%ﬂ-ﬁ? g@m@m%%aé%w: Wfﬂ‘%’t‘&)‘ﬁg ageldlriers, in
paral | el fo5,,83€Ame\dBEANT éaﬁx?les@@geﬂeléaté@é’ uBRdy RBR ntial JdaRtddon based on

t he channe f After equali zac%lon, t he frequency donain

0 estimates.

symbol - rodubcstréats. Siqpaliver siequinnedparsemayireneisp the symhel-modHatad fibicarrisrssiar i al
Corer 1Oy B RIS 8 RSt SLEONbn B0 e il "0 O
20  estimates. After equalization, the frequency domain symbol-modulated subcarriers may be
demapped, and a parallel-to-serial conversion may be performed prior to deinterleaving
and/or decoding by circuitry 228 to generate decoded bit stream 229. In some
embodiments, the demodulated OFDM symbol may be generated from the simultaneous
receipt and processing of four subchannels through one antenna, although the scope of the
25  invention is not limited in this respect.

In referring to FIGs. 3A & 3B, receiver configuration 300 may receive a single
subchannel by a plurality of spatially diverse antennas 302a-d, and maximum-ratio
combining may be performed on corresponding symbol-modulated subcarriers received by
the antennas. In some embodiments, receiver configuration 300 may comprise circuitry

30 318 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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enbodi nents, the denodul ated OFDM synbol may be generated fromthe

si mul taneous recei pt and processing of four subchannels through one
antenna, although the scope of the 25 invention is not limted in this
respect. |INVQORPIIHg to FIGs. 3A & 3B, receiver confi gRECAUS04/8G056RY
receive a single subchannel by a plurality of spatially diverse antennas
302a-d, and maxi mumratio conbining may be perfornmed on correspondi ng
synbol - nogubicahes]. $INYose3 06k alrmmay aamify e rbgeivedIRF sigriads) ambthe RF sgmals festhodi nment s,

recei ver configuration 300 na ogprise circuitry 30 318 I, i ve an

ort hogonaleacfhraé‘%ﬂﬂ?lééfﬂﬂ %Fe@ﬁ% ??“@cg%eﬁéeg%‘gfn"%%%?g Séb%?’gﬁ{%gwg’é'hannel

g 22 ough aflﬂ#%ﬂdB&ké—H)’anﬂfcoﬁ%gﬁeH&d ?l‘gitﬂisi@alseéﬁby_eﬁdl@gi?t;dﬁigﬂalmgﬁ%rsiblgg cib rcuitry
to conbine corresponding.fre nc omai n sy - mpdu ed subcarriers

fr om each Sguitry At 3 |$§§’etagm§%r§gg‘§¥éﬁlﬂb§ﬁﬁ%°é%£3}eﬁm ﬁi%qr%aa ubcarriers

for the shaghs ;;lyNAQtﬁ&s%ﬂe%?&&d&n?@?ﬁdé%ﬁ@%b%ﬁ&ﬁ@emﬁ)ﬂPé}iaadw&lﬁnginAs 306a-d

may anplify the received RF mggals, and the RF

_ signals from each antenna
302 may b&CKepH) maepsnerievn siogle deteendyns remgneolier eschaloyng@wgrsipn diichitar ed by

filters 3#8@3—_&0 &?&‘f§9\%ﬁﬁéﬁ\§g§8§?ﬁi§%&'¢hﬁﬁt%%:tg b2 anal og-to-digital

conversion ~circu nce a single subchannel is being
recei ved, the h gpnalanbodiments)edveiverconfipmatiorn300unay ¢dneprisa asinght chamehy ne

frequency foy, d nver.si on, and, accor di ngl VCD 310 .generate a single
het or oy nEPFIRSERIPREaTH iina AOAC DRvALY & ik eere B aRgel BpHSE
downcqoVveFtG t3B; digitabdigiid bfockdsHip cagifty 3M6 8 @oinBrisdePsinde chahnsiome

enbodi nents, receiver configuration 300 nay conprise_a single channel
pi pel i ne Pweliness Bachgipaking mag pracesssignalsdrom gpeAnicngs, althaughthe scoppehtignel . As

i1 lustrat N digihdal signal processing circuitry 316 may
ehtibn id Q?ﬁk@ﬁeﬁﬁtﬁng kddpdcR!

conprise four single annel pipelines. Each pipeline nmay process signals
from one ant enhesome! enttodiphents; escsivepeenfiguratien 300manalsoinciude pintuitry B2Gaed i n

this respect. |In sone.enmbodi men receiver I gyrat i. 3 may_al so

et ude. CRig ey 3STBICARRIoNAR S alEE AT GO RSP SRS o erval
(G) fiponptdviied ®yiafdlogyortigitalsdonesdsion citdnitpy dMiack; dlthoughnied gpé of e gi t al
conversi on cCi rcuitr_gl 31l4a-d, al though t scope o{3 t he Iﬁéesegt I nvention i s
not |imi t BEFSTT IRVERY I‘r’éé‘ﬁ@é‘f“.ted%‘iéhlé P%t'hli}? SERPSHFEARRIABEE converted to
a paral | ebofdveft®a o pardilel forinCidt FFY cidohddy $2akd-FFTicireuiry 3¥2238 ddryheffBim REr f orm a
fast Fourier transformon the parallel gr,oups of tine-domain sanples to

gener at e ot Bepsisntynsiymaemthe paatel-syms Phtime-dempinsemples S0 ST i zer circuitry
326 may rﬁ%ﬂe\e’lgy Hanﬁﬁ?ﬁi@?ﬁ%%@%%ﬂ&&ﬂeﬁ%%ﬁiér%fr§uitr5/ A28 n§ &ebvltnd Or m for

each subcar ,
20  symbol-modulated subcarriers, in a parallel form for each subcarrier, and it may perform

an equalization based on the channel estimates. After equalization, the frequency domain
symbol-modulated subcarriers may be demapped, and a parallel-to-serial conversion may
be performed prior to deinterleaving and/or decoding by circuitry 328 to generate decoded
bit stream 329. In some embodiments, the OFDM symbol may be demodulated from the

25  simultaneous receipt and processing of one subchannel through four antennas, although
the scope of the invention is not limited in this respect.

In some embodiments, combining circuitry 324 comprises maximum-ratio
combining (MRC) circuitry having complex (i.e., I and Q) weighters 330a-d to weight the
frequency domain symbol-modulated subcarriers prior to proportionally combining the

30 corresponding frequency domain symbol-modulated subcarriers 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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an equalization based on the channel estimates. After equalization, the
frequency domain synbol - nodul at ed subcarriers nay be denmapped, and a
paral |l el -to-serial conversion may be perforned prior to deinterleaving

and/ or deco¥PRAYSBY1EE rcuitry 328 to generate decoded biPCTSIS2E003BAO. | n
sone enbodi nents, the OFDM synbol nay be denodul ated fromthe 25

si mul t aneous recei pt and processi ng of one subchannel through four antennas,
al t hough dnitedmmnisereotivethmniiguretion 309 may includé oma dfedmbinetd 332 foesgpkct . I n sone
enbodi ments, conbining circuitry 324 conprises nmaxi mumrati o conbining
(MRO) ci r HPE ¥ having complex (i.e., | and t3 weighters 330a-d to wei ght

the frequency AlmeRgHhS YéteiVer cadiguationss KOWBIGS, i &1& 1BY,i200 (FIGsp2ARO2B) onal | y
conmbi ning the 30 correspondi ngl frequency, domai n synbol - npdul_at ed subcarriers

subst ant i Anfy0O(EEsr3A &3R) arg Blustiied a a&qaﬁewﬂéﬁmﬁe functippal eleaientszs2. | n

t hese embaqgli | = ) B It IM\%" iy, correct,
adj ust %angﬂg??%hgesoeﬂ@o%g%@%l %?rggxgggﬂggﬁggénrg? lﬁ&g%r?b%%nbén%i u a%igéc? ubcarrier
to al | ow combmatienssifgofivareeohfigirediclements sihasmro®ssing ¢lamsniyinch@lingd

2005/ 0671731 .PCT./ US2 4 ' egel nfiguration.300 may

I ncl ude ondéglg;f;g%éi‘g?o%gérsgrsﬁ% )ognmggrg%tﬂﬁg 1] 3’ g%erﬁqu@(nef%lﬁﬁ ﬁaéﬁ’lf?’r?té&%%séﬁ ver

conf i gur atdlenmesntsidy donpise oddovmamB)micdPidcé¢ssdGsDSP\agplRBion sedifid00 (FI GS. 3A &

3B) are il lustrated .as N everal. separate . fupction el ements, 5 one

or nore of‘n?ﬂéteaﬁﬁﬁlflfséﬁgﬁgi &%P‘E’“ﬁh?’s Varl S RS, i c15‘8“‘1‘r9f'31’rerrent ed

by conty ngletfonsinght 1844 theausctoadidsetbedthefiement s, such as processing el enents
' rocessors (DSPs), and/or other hardware el enents.

I ncluding digital signal

For exanpl e, prodasas E@a'cb&éﬁ%ﬂﬁs&ﬁ@, 208argrF1iGs. 3Aak 8B) ast W02a1(FHpY- dessor s,
DSPs, appl ¢ ' el 46t d . ' ' : a%ﬂﬁ‘%)i nati ons of
vari ous hai‘éi frngygm éggdﬂ?;té(?d@%ﬁl?({;ﬁ%&?e gﬁbllilagufgg@*aé’ﬁ%lﬁgﬂlgtﬁF%st ’hgf

f unct i ons dipdeatdmds, nemepole anieneasnlasp drfGmas] nfiFioSsip abfensasids)othe? Bas df (Fl Gs.
2A & 2B) and 302a- | Gs. 3A B ompr.ise directional or

omi di r ectToRA 4 %é%ﬁ’é&“?ﬁﬁ%‘i mﬂ&@ t@?(’érg)r?fﬁllvg,s' di pol e antennas, nonopol e
ant enngs, | oop Insenes¢rabodimiests, axtonfigaable idvaieois ppdHedd. THeAgotfigurabld ennas

suitable for reception of RF signals by .the receivers. 15_In sone
enbodi mentr&Ceiver FiaY SPMPHAninaa selesdion srcuiey m%ﬁ%@m or-ppRse PR awfq?@o?fam e

recei ver n@misfo et anRAARNDFectRe @t bfoeior & plurility bPsiRhafklsOTiR Of nmore of a
plurality of Spatially diverse antennas to receive one or nore of a

pl ur al i ty refonfguseblamereiver My also cemprifeinArEWNdaticeuRliBing gHgUlY &0 conpri se
Maxi mim r ac%h@in%%éﬂhgﬁ thidr] Gitdlabfe¥ind fer subchannel is selected, corresponding symbol-

20  modulated subcarrier of subchannels from different selected antennas. In some

embodiments, the antenna selection circuitry may select at least one antenna of the
plurality to receive either three or four subchannels when a high-throughput mode is
enabled. In some embodiments, the antenna selection circuitry may select up to four of the
antennas to receive a single subchannel when an increased-range mode is enabled. In some

25 embodiments, the antenna selection circuitry may select at least two of the antennas to
simultaneously receive two of the subchannels when the increased-range and the high-
throughput modes are enabled. The antenna selection circuitry may select the antennas
based on an average signal-to-noise ratio of the subchannels, although the scope of the
invention is not limited in this respect. .

30 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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conbi ne, when nore than one antenna per subchannel is selected,
correspondi ng synbol 20 nodul ated subcarrier of subchannels fromdifferent
sel ected antennas. In sone enbodinents, the antenna selection circuitry may

sel ect at Iwasdesesgriant enna of the plurality to recei ve&gidsisiolddiee or
four subchannel s when a hi gh-throughput node is enabl e%. %n sor?e :

enbodi nents, the antenna selection circuitry may select up to four of the

ant ennas t, ' ' N zd eis
onabiod. IreSEEhle ol RnBBS WA (A RALhORLE BREEIARAR T 5,
at | east tsimglesib¢Haened mceived dy ap assotintetl banefthes beleatalcaitenmas. o sarfie t he
subchannel s.when t he, i hcreased-range e Jhi gh- throughput,. nodes, are
enabl ed. 'FH%’ °%Emeatﬁin‘5he§‘re}ﬁ%chfe&ﬁefféﬁan%ﬂ%age %@'@8&%@# ?lﬂgesgaﬁ%)gwﬁgg?@as ed on
an aver age fastghgle dhanitd pipelificinap ptess Bignsls bEH A0 Qlbsharle! Roeigdd hyhefiscope of
the invention is not limted in this respect. . 30 In sonme enbodi nents, the

r econf PgurkBiesclegied afennasa seeidninaiechapnal giveling may Progess1plsgf @ sevadinel

pi pel i nes | I ﬁfpﬁgﬁfﬂ@ﬁ Jar=ToNeE) lmﬁ i gh- throughput
node is eg@%hﬂ%rf&?%ggﬁﬁ?}ﬂ%}egngﬁgﬁner pi pel | rlle malye pr oceggﬂgipg‘ﬁ% s from an
associ at edigoale obthe fings sehchhrnel raseived by 2 sesand efthe brlented antennas, sodre famthodi nent s,
when the _; 4/ | - I de is
enabl ed, éagﬁ@?‘ﬁ‘gpg{pg%#ﬁéf ﬁggépsg?‘%ﬂﬁs ?r%ég,ger%g%deg@%sﬁq%%gﬁg&g%htgg single
subchannelsedoad ef thedelbstedimtersmaci at ed one of the selected antennas. In sone

enbodi nts, t.he J ncr,eased- and the.hi gh-throughput nodes are both
enabl A 11 PEE 4FASlon trdmnen O BAEFRRE rhocih SRl gRET e v |1 o
subchannelsomhe eRbydslemty ofithle ipkdstntInntibd) Ths 8p&efi@l ofpicRBMEs 40@mageend singl e
channel pipeline my process signals of a second _ subchanne] received by the

first ant ®AHermed by p (FLY regedvesivapies a preierimecchulangs Bk Egeiver gnal s of the
first SUbQEﬁﬁyﬁ?Aﬁoﬁqgﬁ K.M@ﬂ P ﬁlﬁf?&@gepéonfigﬁgt?&{ %gf@%é@%e& andftd @ fourth

single cha pl pel I ne nmay process signa second subchannel

recei ved bsceiviarconfigenstion 300 (HiEs.S &3H0calthnughother.receiverd Bay also be suifablow chart
of an | gnal cention cedu i n rdan ] I ments
of tndJpr EHMLAERElenS B BORERII®, IbBRRE pRRERTS 108 Boy REFRE TR, 11 e
by an OFDigbmemaicwtions osetadne@s nivre subehanaels tinouphane danoee aitérinas, @ae it\iety

configuration, 100 (FIGS. 1A & 11 receiver l.guration 2 FI GS. 2A &
323) . *andPURUYFE o B RebHER GHP AR P SaePaear &L AN BV BRHENS| A PLSBh U5 hor
recei vers jigid@dl dferfons b hAfeb@urd 300 e PRIIrABMaid CsOMRIds isQhPatd bpdatmedur e
400. In general, procedure 400 may recei ve OFDM communi cati ons over one or

nor e subclanpenerewfthedadividual eperaipnsmambenpr@smedennopurenilyy and nothing
20  requires that the operations be performed in the order illustrated.

Operation 402 may select among one or more antennas to receive one or more
subchannels. In some embodiments, operation 402 may select one antenna to receive up to
four or more subchannels, which may provide increased throughput with a more limited
range. In other embodiments, operation 402 may select up to four or more antennas to

25  receive a single subchannel, which may provide an increased range with reduced
throughput. In yet other embodiments, operation 402 may select more than one antenna to
receive more than one subchannel to provide an increased throughput and an increased
range. For example, operation 402 may select two antennas to each receive two
subchannels each, although the scope of the invention is not limited in this respect.

30 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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selectively trade off between throughput and range in a W.AN envi ronnent.

Al t hough the individual operations of procedure 400 are illustrated and
descri bed as separate operations, one or nore of the individual operations
may be per W0 a¥98§0gadTicurrent |y, and not hing 20 requires teaatustévaompsr ati ons
be perforned in the order illustrated. Operation 402 nmay sel ect anong one or
nore antennas to receive one or nore subchannels. In sonme enbodi nents,

oper at i on vdProcBRYd Hed Efdle-ohannaldipeline. Fo? ek RSl WehdaRnére thanue abtenivis €

subchannel s, which may pr odee i nc asei t hroughput. with a nore |imted
range. | nustdiecachseraysrapredhanne subshgmekpachsupchannelanay be Rrgcessikingr mor e
ant ennas cﬁﬁg?"i{ RhS{nePhielidl - ' ¥ nRiyaMIHE:, aRohdICT eased
range w ttﬁgrrre alﬁze élt%‘reou“f;ﬁﬁlpu l.sel n yet o gtrléfﬁelﬁ?g%ﬁent g oper at ioo@n 402 may

sel ect nowogher Hingsodnavngonvsntion, apalog-tedigitel conyassiomand peréorming: REFnel t o provi de
an |ncﬁggé@%\{%@rg%l‘_geﬁggémﬁ%gggrghélqﬁgm%gpﬁu%a%q&g. For exanpl e, operation 402

may se recel v Stbchannel s each, although the
scope of the i Opemntiow406 maycdmbinerobtputs ofithe Ringlerchaed pipeBficsGharedresent 404 may

process signals in.single-channel pipelines. For, .exanple when a single
antenna i g%ﬁé‘@‘a S‘t‘tﬁ?_hf‘“é‘%?gili@é e’fﬁﬁnﬂqﬁ OPB@B%%@B%C%B%%EEF@ %‘Td“éga%?ﬂugrﬂf’gc hannel
nmay be premems9MboImEdutiteDidcafisRHE theRhie shttBanicPWh&XAGR tBan Yhten nore than
one antenna is used to receive a single subchannel, the sange

subchannePn§R s peeditp geeivs e samesHbehang). In somegmbertiments,oppration 406 may

PCT/ USR00 : ) o L = Cf L I exanpl e,
uhen ror o PR 2 e AnRlRE A B il s LB B R Aol A syritt]
subchanneimodeiatd ssbdaodicas) ahoughythdecope oftths swdntion isnotdoniteslsip dirisiraspect.

si ngl e-chapnel. pi,peline...The singl e-channel pipeli may ,i ncl ud anong

ot hor 1 ni oeratigf A ikd Borchdfly Bl ErBRARTR soft PRLbdIBePR R St o o1 i ng
FFTs to 5 agn%mearian&dfto maﬁ’?w% dpmiar'erslubgbmwh Is, ﬂﬂdhéraﬂlledinglebaanndl eipglindsper at i ﬁn
406 may conbi ne outputs_of t si ngl ez chann i pelines that represent the
same. o4 bo RN 0 TROV A ERELOERaR CHHGR 106 oy g ree s eI
frequeBcy dogeiBymbsMibRilatePsibatiefd fordacRbubcRinhethatliffoce¥e8® subchannel when
nore than one antenna is used to receive the sane subchannel. In sone

enbodi nents, oPer@tirnt0%wey performe ghenned paHelizatioRriomibs sembipedBeavERting on the
corres pO“@hB%%&@gbﬁﬂ&&M@d%@?ﬁxm deacﬁfai%‘(!hﬁﬁlsﬂn%ﬁ}%aﬁﬁé&gsftﬁat rBlelfaough the

scope of e 1nvention i1s not I'irmted In this respect. eration 406 may
opt i onal | ymarethath engpsrbtiemmeld Thasuboareesmimydierdempdulated rand paratigl groupsiifenna i s

190, 10, SSEYTn2RGPioTEAS SRRy ST SRk G TSI, ey
provi dg ceaivhaed].frequency

Operation 410 may receive parallel groups of bits for each subchannel for each
subchannel and may determine an OFDM symbol from the bits for each subchannel.
Operation 410 may include converting the parallel groups of bits for each subchannel to a
serial form that may comprise one or more serial bit streams. Operation 410 may also

25  include performing demapping, deinterleaving and/or decoding.

In some embodiments, the selection between increased range and increased
throughput may be performed by a user of a wireless communication device. In other
embodiments, the selection between increased range and increased throughput may be
made by an application operating on the device. In these embodiments, the selection may

30 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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15 domai n synbol nodul ated subcarriers for each subchannel that is received.
Operation 408 may perform a channel equalization on the conbined frequency
domai n synmbol nodul at ed subcarriers for each subchannel in enbodi nents that
recei ve nm¥@200564711dne subchannel. The subcarriers nmay Pperadszmdodzedsed, and
paral l el groups of bits may be generated. Each parallel group may
correspond to a subcarrier of a 20 subchannel. Operation 410 nay receive

gar al l el groupgmsddlaﬁ%tg Iof t}tchb uﬁ&ﬁhorﬁ%bﬁ:bﬁ#ﬂi}ﬂéméxﬁf}d 1ﬁ®ﬁbib ﬁr su@lﬁbmaﬂitﬁi ofand may
eterm ne an OFDM s 0 romt i.ts for. each subchanne eration 410
may i ncl ubRE Wb‘ﬁv@i‘ftvi’%ﬁa‘?qﬂ%’ﬂﬂ‘ﬁfea odigmegisd therinpgniion may alsods i %&? el to a
serial f05§ﬂ1§rﬂﬁhoﬁ@s¥oremma krfBhiRE Beadhbl S ReRiufi Whith iyt beSbh & MMPexeLRNEI B | On 410
may al so 25 1 nclude perform ng demappi ng, déi nt erl éavi ng and/ or. decodi ng. In
sone embodi lm@h@@ pro¢rasos 49 parfar ihoenefgions deserieaddieeein.oh gachinereadableased

t hr oughpu gﬁx Eg;arﬁ ﬁ%ﬁn QOIS £t device. In
ot her §‘ rr%‘lo I'me slBgltqlEQ e%tx?lg%lqglg{t%ﬂgn&lﬁr%é@gts frroange alng |{r?112r eased
throughputead&b}etbgeamaeiﬂme G\g..acoappiark ol aampieea atacmge-mada‘tbiendadumcmayl n these

enbodi nents, .the.selection based on UI renmen t he

ool cat 1 BidheRgonbiRmEy NG Prdfoeps meennRAT AR i Horse
communi CakiRSoptigiletiride rﬁéﬂiﬁ&laﬂﬂdlehﬁwedevid&ﬁ Rleghudl, oﬁﬁc}al beoaticsliratlee, While
for data trans hi aﬂﬁé@roughput may, he desi red. 15 WO 2005/ 067171

PCT/ uszoo@m@éewag@ﬁﬁ% 8 CATICF Wavesnipgater Signalsydigital isigsplengimd.@8di n one or
a comipj nagkgn of hardware, firmmare and software. Enbodiments of the

i nvention may al so be inplenented as instructions stored on a

machi ne- r eadabThe Abstraghis prdnided towgmbly witadl QR Sectéan bd2(byrequiringaast one
processor I i e-readabl e 5
medi um maabsf%% %aégnlé%ﬁmnéh%ﬁg%ﬁé%a@?eraﬁft% %ogr918 %ﬁg%ett%@ﬁgapnf ormation in
a form r dnadedmkce Iy swbmiaedhwnh tlieamgex;staadmg it evidl noFeer used ecmnh& ora

machi ne-r eadabl e nmedi um rra e read-only nmenmory (ROM), random access
Tomory ( FARY oo g e O beetng phfe B

Mredi a, optical storage nedia,

f| ashigrenory dl‘ﬁ\th&%goﬁig%tdﬂb@déscn@ﬂiﬁd Gatious F&aBHS dr6 dbcadlonMMyhoupddor m of
propagated signals, (e.g., carrier waves, infrared signals, di |taI si gnal s,

etc.), ani@gethes ipenigle emhvélm@%fqrébq PHTBOSSPSW%BHIHF@ thodiseloswieHiB7 C F. R
Section %Zﬁé@bf&@éib&ﬁé iggm% be%?célipﬁ as r@ﬁéc dﬁéﬂt@ﬁ’tﬁaﬂ?her &Gaflgy to
0 | SC

ascertain the nature and gi st e technic osure I's submtted
wi th t he emblelirnerinof thg suthect niattelwiequlrerm@retf@tlussaﬂiam arelelxme'sslpreclted in each

claim, Rather, as the following claims reflect, invention lies in less than all features of a

20  single disclosed embodiment. Thus the following claims are hereby incorporated into the
detailed description, with each claim standing on its own as a separate preferred

embodiment,
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interpret the scope or neaning of the clains. 15 In the foregoing detailed
description, various features are occasionally grouped together in a single
enbodi ment for the purpose of streamining the disclosure. This nethod of
di scl osure %9 29p5/[067[181 be interpreted as reflecting an i ntREAYISGEP40kRAS6 t he

clai mred enbodinments of the subject matter require nore features than are
expressly recited in each claim Rather, as the followng clains reflect,
invention lies in less than all features of a 20 single disclosed

enbodi nent. Thus the foll ow ng clain§¥§#§ hereby incorporated into the
detail ed description, with each cl ai ﬁding on its own as a separate
preferred enbguiatedlaimk8id\O 2005/ 067171 PCT/ US2004/ 043056 CLAIMS Wat is
claimed is: 5 1. A receiver conprising: antenna selection circuitry to
select nore than one of a plurality of spatially diverse antennas to
receiveg an orthogqpakvel t&d ¢ division nmultiplexed synbol over a w deband
channel conprising a qura_ity of subchannel s; and conbining circuitry to
conbi ne cor r es poantarglectioncieqvtyy @oplgrtimery thsslong of aphwdliy efispstitlyadivéres s from

t he sel ect I ad ¥ |\ - rriers for
cach subciAay S FeLpfe ol oHEREA! Eeonllly o KRB Bb Eer S RERE TC° 1 D
each subclrhamel confiprishg apladeligraf scichamels; ambnpri ses a plurality of orthogonal
frequency divisio .nultigle ed subcarriers, and wherein each subcarrier of
an associ at ed §?|‘BB Hierfe ﬁ%{?‘)a"‘ﬁﬁf‘? c%ffesg?ﬂﬁj%‘lgaﬁ?quﬁmy Ofnafiys er frequency

of other swiiehtdd Absarférs flog A8 Sl€dtat DEbnhislre B3AGREk coRbintd SyrBsghy@latef cl ai m
| wherein the conbining circui t%)éwcorrprl ses maxi mum rati o conbining

ci rcui t ry stbrapimnios eaghtubehonnel b g Fridepand ehpmeley dommi n synbol - nodul at ed
subcarriers of the subchannels, and wherein the conbining circuitry

conprises maximumratio conbining circuitry to 20 weight at |east sonme of
the frequency @oHed recayeriwdiclaimdwhetesnieash lsatohainet of fhe wadeband clwondi ni ng t he

correspondi fr en i Y - . d hecarrier substantial ly
proporti oﬁgﬁg{l%)es gﬂ’éﬁ%ﬁ%s?? ?gﬁéﬁ%ﬁa %8%‘}?%%@ §1 %tﬁ)g?x(égflél?cﬁr fers (?ei n parall el
groups of timewhersi ¢achauiagier af n dseocidied @bcleanatldds b holhacabktantiallyae

subchannel s recei ved hy each of. the antennas d
%rg center frequency of%ther subcarriers oef the associated su%ghannel.

3. The receiver of claim 1 wherein the combining circuitry comprises maximum-
ratio combining circuitry to combine the corresponding frequency domain symbol-
modulated subcarriers of the subchannels, and

wherein the combining circuitry comprises maximum-ratio combining circuitry to

20  weight at least some of the frequency domain symbol-modulated subcarriers prior to
combining the corresponding frequency domain symbol-modulated 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
25 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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25 wherein the receiver further conprises fast Fourier transformcircuitry
to perform fast Fourier transforns on the parallel groups of tinme domain
sanples. 5. The receiver of claim1l wherein the antenna selection circuitry
it so sel ecWORNSPLFL antenna of the plurality of antenrE/EQ0H@smsye t he
subchannel s of the w deband channel, 17 WO 2005/ 067171 PCT/ US2004/ 043056
wherein the antenna selection circuitry is to select a second antenna of the
plurality of ariessinéds antenhaisdléntion ceasiry is to kelect alzedvmdrateanbf thérplurdliteband

channel , a er ei he ant enna | ect i circuit is.to.select the first
and the se‘rl}dtfﬂ}r%hnﬁaﬁt?% T IGCpIYR eﬁagiiﬁ‘“a‘?"iﬁ %e B’H@Eﬂ’dg%%el’aa\?gr age
si gnal - t 0- noi seavHeddin theQintehing Beléction birédity Bubedled fied Hrst arfd the sebbed dambyer of

claim5 further conprising: |ow noise lifiers to anplify radio-frequency
si gnal s of ram theglurplity R an A3 SIS PRl AORPIED RS oL PigRalE m@aisvbcgwis-
downconvert radi o-frequency signals for each subchannel received through
each antenna; and 10 anal og-to-digital conversion circuitry to generate

di gi t alS si gnal $.Tbe resaiver ofsldimafrber compEsiogd t hr ough each antenna. 7. The
receiver of claim4.wherel o )4 i jtry conprises:
first fast Fou??‘é’rn%%s\régqlgﬁ g?rr%%; T @@??djg%hlg%ﬁ gﬁagi}f%‘g@s octgjﬂrli er transform
on par al | edubclgnndlyys of tinme domain sanples of a first subchannel fromthe
first antenna to generate 15 frequency donmi,n nbol - nodyl at ed_subcarriers
of the first s SURSHNERIOY GRPERASAPPEIonyeH ot taeBRrHEn Bt St6dur i or

t ransf or m @bhétathdl racetved BEOOEH dicR ahtafda; mpur i er transformon parallel groups
of tine domain sanples of a second, subchannel fromthe first antenna to

gener at® fr equeelpedrAigital copversion eieitTy fugeneiatscdigital siegalsforaagh second
SUbCha””elsuBéH&%??&eN%&%ﬁ&ﬁ?&ea@ﬁ‘k&@ﬂﬁi third fast Fourier transform
circuitry to performa fast Fourier transformon parallel groups of tine
domai n sanples of the first subchannel fromthe second antenna to generate
frequency donai nhol - . at S raiers.of the first. subchannel from
the second antaRia eeae SR B VRt TR b Fohad wifbop shilied PRRPERS": o
performa fast firetifidtFouti¢rarmatformcivcuitrp iy petfotth adish Bparierftransforn dop@alelsanpl es

of the second sybchannel fromthe secaond antenn 0 generate frequency
domai n sy nBees A OB AT o & 105 GYOLR oL E0 e BTGP Sencrate

15 frequency domain symbol-modulated subcarriers of the first subchannel from the first

antenna;
second fast Fourier transform circuitry to perform a fast Fourier transform on
parallel groups of time domain samples of a second subchannel from the first antenna to
generate frequency domain symbol-modulated subcarriers of the second subchannel from
20  the first antenna;
third fast Fourier transform circuitry to perform a fast Fourier transform on parallel
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
25 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

30 ratio combining circuitry to combine, for each subcarrier of the first subchannel, the
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fromthe second antenna. 8. The receiver of claim7 wherein the conbining
circuitry conprises maximum 30 ratio conbining circuitry to conbine, for
each subcarrier of the first subchannel, the 18 WD 2005/ 067171

PCT/ US2004 M2 3098/66717lr equency dommai n synbol - nodul at ed sulPCafiszwu/e43pisovi ded by
the first and third fast Fourier transformcircuitry to provide conbi ned
frequency domai n synbol - nodul ated subcarriers for the first subchannel, and
wher ei n t higequency rione inedyimbotowkilated gulsiarrizey providedby thedstiznd ¢hird fast each
subcarrier, 5 of the second,subchanne e frequency dopmain

synbol - modirrS s ORREREY £ BRSORTRR ngg Boaish CEHGEIE SHECP EP Mt st Four er
t ransf or m subéagttidr for theofifer ubtiekmnelpadd ned frequency domain synbol - nodul at ed
subcarriers for the second subchannel. 9. The receiver of claim1 further
conpri sing: equiereinine maximpmgtiq epmbining ciscutEy ieta cemping rP‘T?gS I¥han one
subchannel of i scdha%BcHAfhel St HohdcAlby B8inAR shftSol GATRAIARL LUl pRRAA! ed

I
subcarriers of an assoclate subchannel provided by the conbining

ci rcui t ry.byithe sethrd anddeuntle fasoFousieniranstringinchisty te proyidesiombpined ftequency er
demappers eg,gﬁ, af t.er _fg%gp I | i J t he conbi ned

synbol -noa‘{tﬁ)%ﬁﬂie sﬁb%&?ﬁ?&?gﬁg eacﬁ’rghﬁ%’g élﬁégt}éh%gn%ener ate parallel groups
of bits from 15 the subcarriers; and additional processing circuitry to

generate a singl g, decaded bjt st m representing the orthogonal frequency
di vi sion mul ti %@&wcw%ﬁaﬁ?@rﬁ‘&ﬁ P&l groups of bits of the nore

=]

& CPRPLT e
than one subchagidizer chifcuittye per6n Yephra@lly for Bethdi@ thdpeinisibdhBeneswbcarri er
demappers are to demap the 0 subcarriers of each subchannel jn accordance

wi t h i ¥9di ahamnel equglization o thegrmhingd; symbolimaduisipd stbsasigrs of @n agsociaedt he
subchannelsu{)%agﬁ@?f@g&dt %@@Jrﬁﬁiéiﬁgc% s of bits. 12. A nmethod conpri sing:
r

selecting at least two antennas ma plurality of antennas to receive nore
than one subchannel of a w deband channel, the subchannels conprising a

plurality of 2 t haogonal fre n ivisi.on rmultiplexed subcarriers;
conbi ning corr 388@%?&5 dv?rroéahﬁgm£+W%%%ol -nodul at ed subcarriers of the
subchannel s t o sgisagicdidemapyeld tocldmay,nifiet theokhnhelt cgdalinatiomrthé eonsbifiedd each
subchannel ; nld &)r ocgssbi ng. t h(—:i-r cqQnbi rhed sl){nbol - nodul ?tled sub?ar riers to
dermmodul at Symhol-modulated subcartiers of each subchannel to generate parallel groups of bits from
15  the subcarriers; and
additional processing circuitry to generate a single decoded bit stream representing
the orthogonal frequency division multiplexed symbol from the parallel groups of bits of

the more than one subchannel.

11. The receiver of claim 10 wherein the subcarrier demappers are to demap the
20  subcarriers of each subchannel in accordance with individual subcarrier modulation

assignments particular to the subchannel to generate the parallel groups of bits.

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
25  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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ort hogonal frequency division multiplexed synbol fromthe nore than one
subchannel . 19 WD 2005/067171 PCT/ US2004/ 043056 13. The nethod of claim 12
further conprising: performng fast Fourier transforns on parallel groups of
ti me domai WE§HPELTIf or the subchannel s recei ved t hr oughT@&194/643036he

ant ennas, wherein the conbining conprises maxi numrati o conbining conprising
5 weighting at |east sone of the frequency domai n synbol - nodul at ed

subcarri ers andl3. Bhomethod ofiallainy 12 Sirthen¢aneprising: wei ght ed frequency domai n
synbol - nodul at ed el &L S L\ R e erein
the proporti onﬁe@m?%%%slrt\?ﬂ%mégjﬁﬁgw segc;q1 é)%@%l?fr’:@- Rg&t%fgﬂ%?%ﬁ%aﬁn@%w

synbol - nodikk afitetlarmelaeceivedtkrosgibedch of thalahignymsppor ti onal to their signal

strength. 10 14.. The net h%d .0f claim 12 wherei.n selecti nilﬁco ri ses:
sel ecting a fi r¥gergahe GombINpg RMRISES MAKMUG-TAIg COMpIIGE comprls to receive

one supc hﬁé‘i?&ﬂing@ft 1éamomedﬂmq?awymahmirﬁ@h@6mnaaulateaeﬁmﬂid@sﬂéﬂd of antennas

of the plurality of antennas to further receive the one subchannel of the
wi deband cPrapertiprallycgmbming.ihe weightpdifrrguency domainsymbel-medwlated suboemriesy

antennas f | J agg‘ge on a signal-to-noise ratio of signals of
t he subcha%ﬁg%bg%égé#%% SJ#é%/hho ’o%dcl aim 14 further conprising: anplifying,
for each sel ectwlbreintlemraportiomilly-combipingreompsisegrrambinfg thedrequensy domain one
subchannel ;. 20,1 ndi.vi | v.do ti [.0=. [ signal s
separ at el ysyfT%ZJDrQ l'glé’gﬁl\geg Egéccﬁé}legsemgt%ﬁt\{aﬁgg é%g%d?l&t:oggéglﬁs%%agggg inna; and
generating digital signals for each subchannel received through each

ant enn 16. The t ho f.claiml12 further conprising performng a channel
equal i E%ti on s@piﬁ%@&‘ngBflaP’ﬁg st’r&mtsﬁ ﬁnrﬁfé’g&ﬁﬁ%annel on the combi ned
synbol - modul at edledfngsiBfaBpdit 6f tdthaPdT tRSSRGIAL TdnkHRENd M8RIve ohé- The nmet hod
of claim 16 further conprising: demapping, after perform ng the channel

equal i zat | BWchanpd of hepvidepnd ghtnsel, nodul ated subcarriers of each subchannel
to generate parglilo SRHREpAf oftnteinds’ P Me Hralis HPaRlehhRtS furtfif redfve

the one subchannel of the wideband channel; and

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

signal-to-noise ratio of signals of the subchannel.

15. The method of claim 14 further comprising:
amplifying, for each selected antenna, radio-frequency signals of the more than
one subchannel;
20 individually downconverting the radio-frequency signals separately for each
subchannel and received through each antenna; and

generating digital 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

25  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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WO 20051067171 PCT/ US2004/ 043056 processing the parallel groups of bits of
the nore than one subchannel to generate a single decoded bit stream
representing the orthogonal frequency division nmultiplexed synbol. 18. The
met hod of cW&i2i45087Wdher ei n t he demappi ng conpri ses denmapplTigS2004043056
subcarriers of each subchannel in accordance with individual subcarrier
nodul ation assignnents particular to the subchannel to generate the

paral | el groups pofcedsirtgsthe p@rallél grape bfkits of tirgomorei thay orerstibehaand ¢ garieratn

circuitry to, sel ect r more of.a plurality of spatially divers

ant ennas t6SV‘E@éjie%iegﬁﬁégF%Q?ﬁ%f'megetgﬁ%rﬂ%o oﬂ%i\ﬁegil%ﬁyrqml 1?%@3!?@ "S@nbm over
a w debandgymtbichannel conprising nore than one of a plurality of

subchannel s; and subcarrier denodul ators to denodul ate frequency donain
synbol - nrodul ated subcarriers of the nore than one subchannel to generate

parallel groups;©ihBhletdd a7 wHRAAME UekBppil\&rfiibel AnaipRaaRs! N

circuitry is to generate a single decoded bit "stteam 15 representing the
or t hogohal sibcauigesidyzadi snbehanneln hedoplapsecwitls indivadual subearrise modulatiorel  gr oups
of bits of _th I T ' . claim 19
wher ei n eadh’ u”}c?{%i’ﬁﬁgﬁﬂ%?oqﬁﬁgﬁ%ﬁ%g%gﬁ&e %%%ﬁr%ﬁ%%%f ro?éE%ngétsbl urality of
ort hogonal frequency division nultiplexed subcarriers, wherein each
subcarrier of ap gssociated subchannel has a null at substantially a 20
center frequenci}()' TP K COTPEE %R i ers of the associ ated subchannel, and
wherein the ant ﬁﬂ&ﬁha%@llsafdnidmuﬁliyrtsuélédmnéalIﬁ@&%fhlpﬁumn? oPEpatialledideisennas
fromthe plurality based on a signal-tqQ-noise ratio of signals of the
subchannel 8ntennps topigeeiyeaprhagond! frequingy diyisiqn mpliiplexed:Hmbal Ayer adwidpkadAver si on
cireui 4y Ef?anhél%}ﬁbﬂyiﬁg%r?%‘ﬁﬂ%ﬁé‘é{ﬁiﬁlu{aﬁ@'di‘“sﬁﬂcﬁ%ﬁe'ﬂﬂn&' gnal's for 25 each

subchannel ; anal og-t o- conversion-circuitry t.’o generate digital
signal s for eacsubcdrriehdemaiulatdrs tmdgnwdulstedisguericygloviaicsyimboy-ntodulgteder at e

he- subchanturieR ortRofaiBt GerBiibaib W fbedfoats bl SilRTR A, 7"

transf orm eubcamtietst y to perform fast Fourier transforns on the parall el

wherein the processing circuitry is to generate a single decoded bit stream
15  representing the orthogonal frequency division multiplexed symbol from the parallel

groups of bits of the more than one subchannel.

20. The receiver of claim 19 wherein each subchannel of the wideband channel
comprises a plurality of orthogonal frequency division multiplexed subcarriers,
wherein each subcarrier of an associated subchannel has a null at substantially a
20  center frequency of other subcarriers of the associated subchannel, and
wherein the antenna 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
25  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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groups of tine domain sanples to generate the frequency donain

synbol - nodul ated subcarriers for each of the subchannels for subcarrier
denodul ation. 22. A receiver conprising: 5 radio-frequency circuitry to
recei ve an wotdhsgomal frequency division nmultiplexed syehals2@¥6i308
subchannel through a plurality of spatially diverse antennas; and

maxi mumrati o conbining circuitry to conbi ne correspondi ng frequency domain

synbol - modul at gkt FeRGE tFanSfofim CirQuTtre &cperfofm A Fanti @ Maasoints GEhe pahRelConbi ned
synbol - nodul at ed subcarriers for the subchannel. 10 23, The receiver of

cl ai m 22 vgrewnsiof timeclomain-seampics to genepts the dreguency dampinysyspol-gedyaigdnal
frequency divj.§i j R uBlaSri iBtigach subcarrier of an
associ at edﬁ'g%dg@%r%?}og?ﬁl:%%ﬂi&ﬁ%]n?ﬂat substangfr;l&g oghlal&genter frequency of

ot her subcarriers of the associated subchannel, and wherein the

maxi numrati o ining circui.try is to weight the frequency domain 15
synbol - nodul at ggngd %eé&ff:%?lgn% ¥or to conbini ng the correspondi ng frequency
domai n 5 synbol -radidffequaty sitbaiay to eavsatbatimgbnd lffeguency @ivisioomaltiplexed hei r
signal strength. 24. The receiver of claim 23 fyrther conprising: processing
circuitry 98 QE‘P]‘@F éts’ébcﬁ‘ﬁﬁ‘%? f ?ugg‘ﬁcﬂiﬂéﬁ‘é{ﬁ’ffﬁﬁ‘i‘éllﬂgﬁ‘ﬁfsﬁ agigpuAseands | om signals
recei ved by eagha@huhliatieBéBRaRE cirdilfly #dcinitife ERtbspidiry PpERyHosdalc Ui try to
performfast Fourier transforns on the parallel groups of tinme domain

sanpl es t osygbekmaduaied subcamipntfien cadvafithe anjensas torasaemtercombingdisyabeli er s fr om
signal s regei SR B8Pk, processing circuitry to generate a
singl e decrglg(ltlaugﬁ%lj %m}g%r?lg%m regrg‘ggcgﬁﬂﬂéﬁg the orthogonal frequency division

mul ti pl exed synbol fromthe parallel groups of bits of the 25 subchannel

receiv by ea t enna. A temecomprising: a plurality o

Cubot aflli al 1y G i FEEPFr a0 2 e G Db &R roriRist Bty 005/ 067171
PCT/ US20044:{ib g6 frequisney Bivisié icltibleReddubcditiersy t o sel ect nore than one of
the antennas to recei v% ag or,th(% onal ,frgq}g}egcy ﬁf}Vi si on | ti I§<ed synbol
over a wi deband'RefeinR#b UBFASHET %ﬁa§§°°16tf3 Pufcpgripe anarr@ngé%i@ pht 4t ed
SUbCha””ac':ehtcﬁﬁqu&éy FESThERUbAGRESS hE BGodihted SichinreD a8@NDI Ne correspondi ng
frequency domain 5 'synbol - nodul ated subcarriers fromthe sel ected antennas

to generate coriesrin theymardmum-ratio combining circuitry is to weight the frequency domain
15  symbol-modulated subcarriers prior to combining the corresponding frequency domain

symbol-modulated subcarriers substantially proportional to their signal strength.

24, The receiver of claim 23 further comprising:

processing circuitry to generate parallel groups of time domain samples from
signals received by each of the antennas; and

20 fast Fourier transform circuitry to perform fast Fourier transforms on the paraliel

groups of time domain samples to generate the frequency domain symbol-modulated
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

25  subchannel received by each antenna.

25. A system comprising:

a plurality of substantially omnidirectional spatially diverse antennas;

22



nodul at ed subcarriers for each subchannel of the w deband channel. 26. The
system of cl aim25 wherein each subchannel of the w deband channel

conprises a 8Iurality of orthogonal frequency division nmultiplexed

subcarri er WO 2MR8F @7 each subcarrier of an associ ated DGTarsacmAmsIsodas a nul |
at substantially a 10 center frequency of other subcarriers of the

associ at ed subchannel, and wherein the maxinumratio conbining circuitry is
to wei ght the fanegnesetgctidoobeuitry fo/seieot momdhdradredf shernéamnastoge@ivean t o

conbi ning the correspondi,ng.freq cy, dopaj n | - modul at ed subcarrier

Cubst ant | DR FERIPBh s TP ARER| fen g ogpadRiatd SpReaa ' ' °

subcarri erplurLﬁW?OE.ﬁeaﬁ@lczggsﬁmméubelh@hm;zﬁdvmerei n parallel groups of tine
e

dormai n sanples are to be generated from each of the subchannels received by
each of the antRHHRYM-TARRFANPINIESireyiay insomhing carrespandiedzrauencyidopBin i er

transf of mGihglidoiate® smaf&&mmﬁaﬁts_eﬁeeéa iaﬂt'énﬁarsft‘@gérﬁfdﬁ &nbiRs HRANRY- €l

groups of fime domain sanples, wherein the antenna sel ection circuitry is to
sel ect a freddatehsubnarziersffon ¢agh pubghanngl of thy widebangrphamnehs t o recei ve the
subchannel s of the wi deband channel, wherein the antenna selection circuitry
is to select a second antenna of the plurality of antennas to further
recei ve the sulsh@mnsisencafigaimdsSngherdie cavhdebehanne bfitheevidebahé ckdnnelt he ant enna

selection circuitry is tq select.the first, and the second antennas fromthe
ol ural | {y GEBBses P dhoRhesdhLrchersy G 8 MR e R IE gAErS | n t he

i ndi vidual 25 spedimbidlstbcadiiét ofBeERbElated Subti&ineNhds Wrdullen s@RERGAISSS:
downconversion circuitry to individually downconvert radio-frequency signals

for ekkh csnisERaansary efihersekgayicas efitheaigeciatad pubshanagh and and

anal og-t o-di gi is Gl £ C ULy 1 Q o] E;x%ﬂad r each
30 subchannel b@gﬁi@%&%ﬁé@ﬁrgﬁ%@%&rﬁ%ﬁ? ggﬁgﬁ&ggﬁ %\%e%ggeg%ef@ ofhali®

PCT/ US2004yovbabmedul2igd subcaroririay to edmtining thei ooespoodipg ifisiqnency anmainna

sel ection ¢i YA elect o r a plurali of .spatially

di verse 4 éﬁﬁggd%ﬁ%tea8@&?@80%1&&%@{2‘11 reo%c?gIogalptBtﬁllFEa ‘%‘%%I/X%‘?ng%*h Mannel s; and
maxi mum r adssceisteddabedrrigr. circuitry to conmbi ne, when nore than one antenna per

5 subchannel is selected, correspondi ng synbol - nodul ated subcarrier of
subchannel s from different sel ected antennas.

15 27. The system of claim 26 wherein parallel groups of time domain samples are to

be generated from each of the subchannels received by each of the antennas,
wherein the system further comprises fast Fourier transform circuitry to perform
fast Fourier transform on the paralle]l groups of time domain samples,
wherein the antenna selection circuitry is to select a first antenna of the plurality of
20  antennas to receive the subchannels of the wideband channel,
wherein the antenna selection circuitry is to select a second antenna of the plurality
of antennas to further receive the subchannels comprising the wideband channel,
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
25  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

30  subchannel received through each antenna.
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29. The receiver of claim28 wherein the antenna selection circuitry is to
select at |east one antenna of the plurality to receive either three or
four subchannel s when a high- throughput node is enabled, 10 wherein the
ant enna sel WO2PHA6HTrcuitry is to select up to four of tHE/ESWEMARSS t O
recei ve a single subchannel when an increased-range node is enabl ed, and
wherein the antenna selection circuitry is to select at | east two of the
antennas to siJsuAtrasuegigadaplerrembicy corhpvisigh t he subchannel s when the

i ncreased-range and the hi gh- .t hroughput nodes are enabl ed, . erein the
ant enna sel ect i39¥fneg Fe&?ﬁt‘f’?gu wiry g s:‘?%cg%‘ie %H@faﬂf%m@iﬁ%ﬁ@ah%gf %fseaver age
si gnal - t o- @inass thatdefveQne P hofd SRty of sthankle®; ik ei ver of claim 29
further conprising up to four single channel pipelines to process signals,
wher ei n when t Heaximum-retie ee/aPpiRg CHEREY tacauphing, sdien apenthan aa¢ antermapee |

pi pel i [ S | } [ i her
Phree of fonH e N B o e S anh g P e
si ngl e chadiffedentmelpetedmnicnsast o process signals of the single subchanne

recei ved by an associ ated one of the selected antennas, and when the

i ncreased-range and the hi gh-throughput nodes are both enabled, a first 25
si ngl e channel 29i Pkd ted€ivérsofictzin 28 ek feisihg AAtetnadeledtidn ¢isduitBuiseh sslewdht r ecei ved

by a first of the selecte ntennas, a. second sjngle channe ipeline is to
process silgihpee %’Fe"é‘a§gg’ﬁﬂ’g“rg]étﬁﬁ%¥?§?fﬁ%Flthcé§’é?W OW“SWQF ?hlergﬁggﬁha, a
third si nghgushandRde & R@blede is to process signals of the first subchannel
recei ved by a second of the selected antennas, and a fourth single channel

pi pel i He is to wWhetrie & agfegnaselectipn ehieuilse isdn seledivp hafous pf the @atepeas toy t he 30
second of . ant e . { 004/ 043056 31. A
machi ne-relrggbgmsagélﬁ%%?%r%n {lgtpag%ow %r\ség%eég%%&éﬂ%e A |g’r%%%v\hen execut ed by
one or nore prodessintle antcans seleckivnl cpcwite s3osaedt at lvast wo of the entehnasrs

conpri si ng. electing.at le t antennas .fr.oma plurali f .antennas to
Fecei ve movmuBgRie gl s Shhe fubgh e S NAER b Teine epd e iR annol <
conpri si nghauphpit alddeyareendbléd, t hogonal frequency division nultipl exed
subcarriers; conbining correspondi ng freguency domai n synbol - nodul at ed

subcarti ers of Wheeein disretanneqlection cuaRy e seritherrtrnagniased pbafl at ed
subcarri ergefgt sigRARoSWRE RAR YT the 3BGhannels.

30. The receiver of claim 29 further comprising up to four single channel pipelines
to process signals, wherein
when the high-throughput mode is enabled, each single channel pipeline is to
20  process signals from an associated one of the either three of four subchannels,
when the increased-range mode is enabled, each single channel pipeline is to
process signals of the single subchannel received by an associated one of the selected
antennas, and
when the increased-range and the high-throughput modes are both enabled, a first
25  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

30 second of the selected antennas.
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processi ng the conbi ned synbol - nodul at ed subcarriers to denodul ate an

ort hogonal frequency division nultiplexed synbol fromthe nore than one
subchannel. 10 32. The machi ne-readabl e nedi um of claim 31 wherein the

i nstructi oN¥Q 2086e47171f urt her executed by one or nore of ®erWSHNYCEBEHBOr S,
cause said processors to perform operations further conprising: performng
fast Fourier transfornms on parallel groups of tinme donmain sanples for the
subchannel s regeip afchifé-eeagiblearbiugf thitigovdddsandtiastionsSviibE vien ekdiRtedonbi ni ng
conprises_maxi mumrati o conbining conprisin wei ghting at | east sonme of the
f r equency bY GRAPTHMEKEPERACSIOHY GPUE SHd BIRS Pﬁit%ggpre&t@g%?qmﬁﬁg}a:y combi ni ng

the wei ghted fgqudﬁg,g\%leg&m Bntentad Yor Pslirtafityest aBteRRAI kQeive iitfre tRG NMOr € t han

one subchannel , an erein the proportionally conbining conprises conbining

t he frequenesubdesnackof apvideRans shanael the sulcharnelceomirising alwrslimfi al | y
proportion to_thej | I ) . .Ihe machi ne-readabl e nedi um of
claim 31 \Rﬁié? (ﬁ%ﬁlé}t‘ﬁ%‘éﬂm s‘g{lgig{l?%lﬁgﬁ%ﬁgﬁ §"f—nuerr’lt?her executed by one or nore of
sai d processor sombiging@ofrespdnding freqencsddmaip eyrhiool imodupreddubonrsieds wf theer
conprising: selecting a first. pair of antennas of .the plyrali.t f antennas
o Fece veutehEmsh eeasate ReAbiOREe TR ARAHGI Sroariers  Beet Ao E AT

sel ecting a seprReksRBithe wmlﬁﬁ‘éd%ﬁﬂﬂ&-mf)dﬁlﬁted Rlbdhretsity demodulhteaRas to further
receive the nore than one subchannel of the w_deband channel; and sel ecting

the first oghegonpldfraguersydiiysion uliiplensd symbel frompthempare than oae pubphaskd on a
signal -to-noise ratio of signals in the subchannels. 25

10 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,

15 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

20  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

25  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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