WD 2005/ 062514 PCT/ US2004/ 038173 METHOD, APPARATUS AND SYSTEM OF

MULTI PLE- | NPUT- MULTI PLE- OQUTPUT W RELESS COVMUNI CATI ON BACKGROUND OF THE

| NVENTI ON [ 001] A Multiple-lInput-Miltiple-Qutput (MM Space-Ti me-Coding
(STC) wirel C ni cation device may inplenment STC to nultiplex data
into a plur 3?‘?%%9 @&T‘J}S‘ar allel data sequences.. The STC d&¢Tlg? rorﬁglméﬁ;‘so

i nclude a Space-Tine (ST) encoder to encode the dat a sequences, and a ST
decoder to decode received data. The encoded data sequences may be
sinmultaneously transmtted by a plurality of antennas using one frequency
channel. [002] A M MO Multi-Channel (MC) wireless communi cation device may
include a plurality of chMETHOD; APPANATUSANDSYSTEMOR th a plurality of

Si ngl e- I nput - Si - | i of Sl

decoders, res p%@@'@%ﬁ@éﬂﬂﬁ@ﬁgﬁﬁiﬁ %@ﬁﬁ?ﬁ%@%‘%l%T@g ghed to
a different frequency channel, The MC device may sinultaneously transmt
and/ or receive data over a } [ uency channels. WO
2005/ 062514 PCT/ 1JS2004/ 038%1%§W&§5WWHE DRAW NGS [ 003] The
subject matter regarded as the invention is particularly pointed out and
distinctly c[OQi]nﬁdthinldampctdmltipui@lgptpo(ﬂ\ﬂivﬁﬁ S}ﬁacc-ﬁénGﬁedihg i(BAC) ovireleFhe

| nvent{ on. - NOYEKBlao P RLAReY Sl BANKTRL) AIARS SB1 Do Ol SRR LA

t oget her wit eat'ure advanta
under st ood byata set;mneﬁsc‘éhetﬁ a dhamcbqﬂalycaim ngludes Spdced‘ imel 650 lenq@tierom endodanthe ead

W th the acco n})anhglces acW a %qsdec?der tI EECOdJ pege 1'ech|iaga ﬁ]teiﬁa%%ogdr@r(z Cdatargaﬁgtb]legoegl agram

of a wireless €O I ONn sys ccor

enbodi ment s mhy befmnmtaesmslly tnansmned km;pl[u@ﬁ)@]of Rtgnlagum@ ame $ietpeneyt ¢hannel.
illustration of a dual-channel wireless device in accordance wth sone
exenpl ary enfyodj m&eNﬂMCleﬂﬂnélhhmwbloMmeiremd c{:rﬁmﬁx]]icﬁiog de&miesmay $ichelasdt | C
illustration of .a ectl et ween
a spati al - muPiEAY e% ﬁﬁmﬁﬂﬁqﬂtngﬁ?%ﬁssﬁgﬁtﬁ(g&”tgr?‘dp ‘é‘l’a“ty %ﬁ!ﬁ %“H’HF PB‘Féﬁﬁﬁg

nmodul ati on NE@I$Odericbdeas and dagiarlit dfhSISONBecederybpaytivelyb Gdilmentis eanddne

i nvention.. . . .
controllers may be assigned to a different {requency channel. The MC device may

simultaneously transmit and/or receive data over a plurality of different frequency channels.



[007] It will be appreciated that for sinplicity and clarity of
illustration, elenments shown in the drawi ngs have not necessarily been
drawn accurately or to scale. For exanple, the dinensions of sonme of the
el ements may be exaggerated relative to other elements for clarity or
several phy (%gP”@Eg%Onents i ncl uded in one functional bPSE@BHW“%Wéﬁent
Further, where considered appropriate, reference nunerals nmay be repeated
anong the drawings to indicate correspondi ng or anal ogous el enents,

Mor eover, sone of the blocks depicted in the drawi ngs nay be conbined into
a single function. 2 WO 2005/ 062514 PCT/ 1JS2004/ 038773 DETAI LED DESCRI PTI ON

OF EMBODI MENTS OF THE | NVI : 0 ] etail ed description,
nuner ous specific detail sﬁi{{tpﬁgs&?{iiﬂw h%mébkg‘twgvr de a thorough
under st andi ng of the invention. However, it will be understood by those of
ordi nary ski fob3] mhé b&bjaﬁtmﬁtt‘eatlegalﬂdkdpaiseslﬁnﬁwtrfm‘oeI’lk i ;ﬂf‘tlcﬂh&ly b;ﬁmﬁécﬂ@tnl aedl

wi t hout 't hes ec fl I n other .insta own_ net-hods
procedur es, ﬁﬂﬂﬁghé fge de“ﬂ%mﬂEQP%QO%ﬂyORHtSH&&%mwgbﬁ%Hé&@??%kBOW%*Hetar

SO as not t ObdPSE Ub Sridaezafsre s inethod et dperation, [ 1OQM er bmtlesss;eaaefemfuteeatlhy

stated other a r ent fr e follow di scuss

appr eci ated atta&eﬁr%t}gﬁa eyt Pt 5e‘(‘f{é|e'ist98f{|k6’n eg‘g%‘?fzﬁs@r ]ﬁs% P\"’ll’igzii%ﬁle?errrs
such as " pr @e&ssioR Ghen re6OWRbthe Aghompatiad Gbvidkd inGvhich! det ermi ning, " or the
like, refer to the action and/or processes of a conputer or computing
system or sfood] 8. elieetstiRfiatic a@gramt¢fnagw1r@leg¢lc@@muhtaatonr@:ﬂb@uh@t;@r@ﬂeu or

t ransf or m dat ; represe t ed F f§~ such as electronic, quantities
within the c¥ ﬂPFﬁﬁe§9§9ﬁﬁ1§m'€é Fgmﬁﬁbwonﬁ%norres into other data

simlarly represent d as yant.i t he . conputin stem s
rerorres. v DBISERr 2o sate Shr Ao A Bl A A S or

di spl ay devr@ﬁﬁsmﬂenaxarelglrhtyleorbodltﬁaets of BiE Mvemiouyanddi ty" may be used throughout
the specification to describe two or nore conponents, devices, elenents,

paraneters andst bg. I3| kea sc{h@ﬁt&@d Nbktratoh Nt 2 AgvnGhad ot aCQﬂ:\rlﬁ)ﬂttbiOd‘lﬁholmW’ll ng of
the term "nodent (e. g@ ‘E & denodu ator), in thrs applrcatron unl ess
speci fical | ysekf%rtgetft%teﬁérwt smutiplexing mgdu %a@ﬁt‘w%ﬁgﬂr BFenYoMUItREHEE at or |

e.g., a devigediiod nlethoiDoatc@tignce B séhad@apREy it eststod the invention.

[007] It will be appreciated that for simplicity and clarity of illustration, elements shown
in the drawings have not necessarily been drawn accurately or to scale. For example, the
dimensions of some of the elements may be exaggerated relative to other elements for
clarity or several physical components included in one functional block or element. Further,
where considered appropriate, reference numerals may be repeated among the drawings to
indicate corresponding or analogous elements. Moreover, some of the blocks depicted in

the drawings may be combined into a single function.



be transmtted and/or to a denodulator, e.g., a device able to denodul ate
data franes of received signals, and/or to a device able to both nodul ate
and denodul ate signals. |Inplenentations of nodens in accordance with
enbodi ments of the invention may depend on specific applications and design
requi r ement SYORUBORSHror e, noderns in accordance with soeesaedisTent s of
the invention nmay be inplenented by separate nodul ator and denodul at or
units or in a single nodul ator/denodul ator unit, and such units nay be

i npl erented using any suitabl e conbi nation of hardware and/or software.
[0011] It shoul d be understood that the present invention may he used in a
variety of applications. Althou kﬂi esent |nvent on is not limted in
this respect, th@réIiMb@Pt%EWPTgQE‘ Eﬁ@m *@WW&IP%e used in
many apparatuses such as units of a wireless connunlcation system such as

for exanpl e, [@s\id Bk e oW Rtailtd BaciyRioafukieloWl 4N)ific et #d 40562 oA,
PCT/ 1JS2004/ 038173 conmuni cati on_ system and/or_in any other. unit and/or

devi ce. Unit % mipvide euthrpueh gmsipianding ofihs juendnni Howsvgedt ol breundasioadidyl wi t hi n

the scope of yhhemy&aaPtkilNY aRtdofat thsrtdddCinydVo iy BF pEX AL IVELBRY these TODENS,
Mobile Units (MJ), Access Points (AP), wreless transmtters/receivers, and

the like. - proofio]dripgesinoptheny mKlaresimid-gietnomet§yds: Srasequitse se@poneris Fad wi t hi n
the scope of citdiBs mBY £S5 @BYe ueelv@eaweald JE%MQ%S ndthd QRLGD 1RNE0RY v'ew]t ed to, "

| EEE- Std 802.11, 1999 Edition (IS C 8802-11: 1999)° Fstan "t he
802. 11 st andgypg' Lnledd e@iﬁ[‘ﬁly%ﬁﬁéd' dil‘a’ellﬁfsé Yag In aren{ ggx% iRl ﬁ)ll%% MdiRuskR29 it
Suppl ement to 802.11-1999: Wrel ess LAN MAC and speC|§'cat|ons Hi gher

speed Physi cil agpagpisted Haty)thueyghenssithsn Sneﬁlﬂpﬁ@n5d1@qzsm§naﬂhzmg' temEE-sgely as
802. 'l b- 1999‘[‘1;7%5{3@ "gﬁg% Qtu 2“&i]cul]ag9g9'? ‘AMJU%} 1?1%5‘% We"{h’& Pe@éii tg)%Yehactlgn

speci fications "Physi cal ' Layer extension in
band", "|EE®JSt dﬂrmsseiwé a- Q@O@te&@pppmmﬁn@ o180t $imilep gEctraniy e¢191ssmgAN MAC

and PHY spe c r r i
and PHY. PRl S BUIor LA Pt FRLE B OB W00 bl !
Wrel ess LANjwABicandithh- thy COBWewlgf bsteni’ onegistSpeil/or catriwies fioto Raei datResour ce
Measur ement, siHIﬁfl‘} 1'e%1“e%enteaagg phyk?cal 'qha%tities within the computing system’s memories,

registers or other such information storage, transmission or display devices. In addition, the
term “plurality” may be used throughout the specification to describe two or more

components, devices, elements, parameters and the like.

[0010]Not withstanding any conventional meaning of the term “modem” (e.g.,
modulator-demodulator), in this application, unless specifically stated otherwise, the term
“modem” may refer to a modulator, e.g., a device able to modulate data frames of signals to
be transmitted and/or to a demodulator, e.g., a device able to demodulaie data frames of
received signals, and/or to a device able to both modulate and demodulate signals.
Iinplementations of modems in accordance with embodiments of the invention may depend
on specific applications and design requirements. Furthermore, modems in accordance with
some embodiments of the invention may be implemented by separate modulator and
demodulator units or in a single modulator/demodulator -unit, and such units may be

implemented using any suitable combination of hardware and/or software.

[0011]It should be understood that the present invention may be used in a varety of
applications. Although the present invention is not limited in this respect, the circuits and
techniques disclosed herein may be used in many apparatuses such as units of a wireless

commuuication system, such as for example, a Wireless Local Area Network (WLAN)
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[ 0013] Al t hough the scope of the present invention is not limted in this
respect, the circuits and techniques disclosed herein may al so be used in
units of wireless conmunication systens, digital comrunication systens,
satellite comuni cation systens and the |like. [0014]Devices, systens and
net hods i ncSYPIPEPI2AY aspects of embodi ments of the i nvEATUSHOHIBIEI so
sui tabl e for conputer comruni cation network applications, for exanple,
intranet and Internet applications. Enbodi nents of the invention may be
i npl emented in conjunction with hardware and/or software adapted to
interact with a conputer comunication network, for exanple a LAN, w de

area networ KedniNlcati®f sfst&rh Ofidlor i CpUshératidioandIgt Wevike, TIRlfs BXAMAIAN t he
Internet, [001S]Refeience is made to Fig. 1, which schematically illustrates

a wirel ess COFHRHBHRER PSS ntendsd toche lv%udawcbﬂlalath%écqmﬁtoﬁ thenPIERROAVIERR of t he
present invepti@N byl day W kkardfe 3R %H@ﬁse(ﬂ/ldb}’letmﬁée(W) IA&@lepmtbwsrt t hat

the sinplified corrponents schematical |y |lustrated in Fig- | are i'ntended
f or dem)nstrwr@]@fﬁtfwrlb%@éfcﬁﬁwal]ﬂbWﬂhk‘hat other conponents may -be required

for operation of the wireless systems, devices and nethods described
herei n. ThosKOGH Twies 1of WhANHemanicgiqn sYFiePs Hisgnderieby withing the seapreé e on

between 4 V@a%@@é&&ﬁ@é%lﬁ@élhﬁgp% Qéﬁﬂaﬁ@ed QOWEEEJS&!S 8o 1L h999"’£81ﬁ5@55

devi ces described herein need not necessarily be as depicted in

schemat i c di @YPak F80=1Y. 199907 @@Ylvﬂeljdd)ﬂﬁﬁﬁ%étﬁf@ﬁa@ /s t28¢n M@ Rﬁyulﬂlﬁb IHUde
Wi rel ess COomTHRE Gaf k@ 1‘191‘9'9‘5%?361@1%&“\9 803 19.1 0911 Fl-IBY LARMWIHY Gl §

wireless |ink or channel W reless communi cati on system 100 AI t hough
the scope of spetiicaipuss ertiglionvsppadi Bysical hayer ((PHAYY ewtensiont fri sher és@H@tbaHd”

comuni cati o Vi1 3G 114 uters,
and conmuni gggg\glr\dcgfaﬁ\:&gﬂ@ggsouﬂ’mnfg@emp@?tﬂg? 9%\/' WJRF%?L %\Iﬁr@ Eorﬁggrrpl e,
system 100 spagifiagons: \Nigidr sspsede RpysmalLayet €-SY Pextsusal inAtlea? MeG o rdand”WPAN) |

or 2 Wrel essryf dp o) A3 MBOIRLLAN sod ﬂ%@b%{é%@?h&f‘ﬁm@ggg& pRfy the

present |nven ron s no rmt espect
comruni cat i ospesfistiens Shidvan HigheFiDgta RatmBytes@npartie 2 GHawand] Pedt 8.2”, and

“IEEE-Std 802.11k-2003 Supplement to 802.11-1999: Wireless LAN MAC and PHY

specifications: Specification for Radio Resource Measurement, Draft 0.17, and the like.

[0013]Although the scope of the present invention is not limited in this respect, the circuits
and techniques disclosed herein may also be used in units of wireless communication

systems, digital communication systems, satellite communication systems and the like.

[0014]Devices, systems and methods incorporating aspects of embodiments of the
invention are also suitable for computer communication network applications, for example,
intranet and Internet applications. Embodiments of the invention may be implemented in
conjunction with hardware and/or software adapted to interact with a computer
communication network, for example, a LAN, wide area network (WAN), or a global

communication network, for exanple, the Internet.

[0015]Reference is made to Fig. 1, which schematically illustrates a wireless
communication system 100 in accordance with an embodiment of the present invention. It
will be appreciated by those skilled in the art that the simplified components schematically
illustrated in Fig. 1 are intended for demonstration purposes only, and that other
components may be required for operation of the wireless systems, devices and methods

described herein. Those of skill in the art will further note that the connection between



conmmuni cation system in which wreless device 130 is a renote unit (RU) and

wreless wunit 110 is an access point (AP). It will be recogni zed, however,
that in sone enbodi nents of the invention either or both comuni cati on
devices 130 and 110_may be nobile stations, a personal ital assistant

(PDA) and a“§@fVeP‘>Hespectively, access points, base stﬁF HRYOHBB173any

ot her device or conbinati on of devices suitable for comrunicating within
comuni cati on system 100. [0018] Conrruari cati on device 110 nay include a
transcei ver 102, which may include a transmtter and/or a receiver in any
sui tabl e configuration. Transceiver 102 nmay include any suitable

transm ssi Onc@ﬂdﬁ]él{ts maBeRpikleR delit&tetdiPeditos néed fohfecadshrill, @k af 8&6%itdd Y dat a
transmtted, devi chJSO and/or for transmtting data, e.g., to

devi ce 130, §§Sgﬁé‘§ﬂ¥?1%@‘ﬁ Bw: Transceiver 102 may be inpl enented, for

exanple, in formof a si uni t. he form. of separate
transnmitter Lfﬂ) 0] F@E‘Q?‘Wf?“%rﬁyft “‘L}QP g d ?@‘%M‘f‘a T eopeatige |d5‘ﬁ°esdf30 Aot dwar e

and/ or sof t War® wakhhy ko@iiinicale Vi@ vafeless Ilor elmmllgo of Wirdl&8 ceRMLEtoR! the
enbodi nent descri bed V\nthlrﬁf erence to Fi transceiver unit 102 may

1

a

operate to b&EHEM {49 4dihpyehathy spepeentitiae Bie E\I‘r‘é’en“of’dé)i’g] ligyiishith e f55BRSL devi ces

130 and 110 pHymiddiGlibdecang B0 HRr80NAS Bkl HeREY moddHL BN 8snpAss, | adknown
in the art. For exanple, device 110 may include an antenna 104P associ at ed

Wi th transceFU@RUEHON gigne)dvd é’b“yleO’aMalvﬁéNLﬂﬂé LDy ke gxamgle.opstamti@fnas,
for exampl en,apt £NASN dktem, b Wireld Beddifdl A&MQ&&E#WMI\B‘ corewtledshgiger esent

invention is not: linited in this respect, types of anténnae that may be
used for ant &smadletpuk (ANAMWha 112, 5 WD 2005/ 062514 PCT/ US2004/ 038 173
antenna 114, and/or antenna 116 may include but are not |imted to internal
antenna; di pBO&7JARReushntAe senmsi of e @&SF%H&‘IC“‘MI Bnpfd, limpitedpioésl eseeat dba, an

end fed ant epngyiad %ofn‘?dﬂnﬁ:ﬁﬂl% sQQénﬁréh%% g]ntr,qegn@ may ”B&r}f%ltSto"f'aP wgena, a
diversity antenna and the &3 020] Wrel ess device may i nclude a

processor 10@111W1@H01h§>§3teﬁe "a§/§t9 ivetedsas ddvicn 130 inve prymoge wafméh@@n‘ylremﬁ ocessor
106 may procggs|dal & &@&L‘ﬁ&lﬁt @m sn GBS edoBhisdd! ﬁgvéw,r tifak mﬁﬁ'em%dlﬂn% and/ or

dat a packets of S|gna s I ntended for tranSWISSIOH y transcei ver
of the invention either or both communication devices 130 and 110 may be mobile statlons

a personal digital assistant (PDA) and a server, respectively, access points, base stations, o1
any other device or combination of devices suitable for communicating within

communication system 100.

[0018]Communication device 110 may include a transceiver 102, which may include a
transimitter and/or a receiver in any suitable configuration. Transceiver 102 may include any
suitable transmission and/or reception circuitry known in the art for receiving data
transmitted, e.g., by device 130 and/or for transmitting data, e.g., to device 130, as
described below. Transceiver 102 may be implemented, for example, in the form of a single
unit or in the form of separate transmitter and receiver units using any suitable combination
of hardware and/or software as is known in the art. For example, in the context of the
embodiment described with reference to Fig. 1, transceiver unit 102 may operate to both

transmit and receive signals.

[0019]Communication devices 130 and 110 may include one or more radio frequency
antennas, as is known in the art. For example, device 110 may include an antenna 104
associated with transceiver 102, and device 130 may include a plurality of antennas, for
example, antennas 112, 114, and 116. Although the scope of the present invention is not

limited in this respect, types of antennae that may be used for antenna 104, antenna 112,
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Wrel ess device 130 may include a processor 119 associated with a nenory
(not shown), and a controller 118. Controller 118 may be able to control
the flow of data to/from processor 119 and to selectively provide to either
a frequency-nul tiplexing nodern 138 or a spatial-nultiplexing nodem 132 a
data frame ™ W&”%ﬁﬁf‘ism’ tted, as described in detail bePQUUS2004/038173

[ 0021 ] According to exenpl ary enbodi nents of the invention, nodem 138 nay be
able to nodulate data to be transmtted and/ or denodul ate received data
based on a Miltiple-Input-Miltiple-Qutput (MM frequency nmultiplexing
method, i.e., a MMO nultiplexing method using in parallel a plurality of
channel s sepaitained14, and/sremteancyl6 ms induddduosma nbinirhikd taitternfantetnsadipble, nodem
138 may inplenment a M MO Ml ti-channel ) mul tiplexing, nethod, is
cnown 1t hesBRDE U SaTe R o * Gy ShBOG R e Py
invention, npslaived ddeiays heroniariiehna Miihek iy @nehaiaand telliket ransmi tted and/ or
to denodul ate recei ved data based on a M MO spatial-nultiplexing nethod,
i.e., a M MJooRd]Wipdlex devicentdd heg isdlumsl of poeesos | 86, whichgnay bepdsercitddt withod

spatial channels of one f uency, .as i s_kno in the art. For exapple,
rodem 132 nagPRpahaRy T R RO PTG Cut ARy B penfl ruCaghoy

D vihsidon Mul trirRéeevel mgR an(dBDMh ta imikbt(ﬁdf si@lﬁalsanmmglﬁ@rn-asmts&ia{ bylnuhisbemeexdémg

met hod, as ‘are known in.the art. [002.3] According to .exe ary enbodj ments
of the i nventhigHss "i‘éﬁé@?aﬁé‘ﬁ‘@é al%@ccﬁg&yfl9aﬂ5§°8'a?eﬁc”ylﬂ’d%”§T’B%?‘/’QT g’?’)”)’“bf Radi o
Frequency (Rmd pabhimldS4asoachiah adswhiyhbdraslens tadrange nowdemiats /it hs 134
may be adapted to transmit and receive data via antenpas 112, 114, and 116,
as is known PiRCesHE 147 819 PERISAVAY BT CtiePr XERRaY-PUERIHETECE b o he
invention, cpridialh8lipiddiSs RYem S8h &Cdaa/Bine tof BNEiRmitdal & dQchRdtindBg tted,
e.g., provided by processor 119, either to nodem 138 or to nbdem 132, based

on a predet eP#¥¥ed criterion, as described bel ow. The data may be nodul at ed
by the sel ected nodem and transferred vig one or m)rg of %t hs 134 to 6 WO
2005/ 062514 BeAY1{3d1pie BRIty emhqdigenis 9nthe dperiqio modep 1 3RBERF 180 %ay al so

control anteppauisel 864 o 186hBmRRUCGRI/ONReMbdulate received data based on a
Multiple-Input-Mu.ltiple-Output (MIMOQ) frequency multiplexing method, ie., a MIMO
multiplexing method using in parallel a plurality of channels separated in frequency, as is
known in the art. For example, modem 138 may implement a MIMO Multi-channel (MC)

multiplexing method, as is known in the art.

[0022] According to exemplary embodiments of the invention, modem 132 may be able to
modulate data to be transmitted and/or to demodulate received data based on a MIMO
spatial-multiplexing method, i.e., a MIMO multiplexing method simultaneously using a
plurality of spatial channels of one frequency, as is known in the art. For example, modem
132 may implement a Space-Time Coding (STC) algorithm, a Space Division Multiplexing

(SDM) method, or any other spatial-multiplexing method, as are known in the art.

[0023]According to exemplary embodiments of the invention, wireless device 100 may
also include a plurality of Radio Frequency (RF) paths 134 associated with modem 138 and
modem 132, Paths 134 may be adapted to transmit and receive data via antennas 112, 114,

and 116, as is known in the art.

[0024]According to exemplary embodiments of the invention, controller 118 may
selectively transfer data to be transmitted, e.g., provided by processor 119, either to modem
138 or to modem 132, based on a predetermined criterion, as described below. The data

may be modulated by the selected modem, and transferred via one or more of paths 134 to
6



nore of antennas 112, 114 and 116, e.g., according to one or nore frequency
channels inplenented by the frequency-nultiplexing nethod, e,g., as is
known in the art. Data received fromone or nore of channels 134, e.g., via
one or nore of antennas 112, 114, and 116, may be denodul ated by either
modem 138 orVOBUIA2IH2. For exanple, data previously noBGFASE4/ESEEr ding to
the STC nethod may be denodul ated by nodem 132, and data previously
nodul at ed according to the MC nmethod nay be denodul ated by nodem 138, e.g.
as described bel ow. The denodul ated data may be transferred by controller
118 to processor 119, e.g., as described below [002511t will be noted that

W rel ess deviiGiehdDseleatr P, 'MH@!EnﬂfTBmhﬁsﬂ aldy cshibf 8 QRNE sel@EENBE eLdeltbOshe RS are
known in the art. For exanp one or nore elenments of device 130, e.g

processor 1190 nieanserl 21 1l antoldéng- &3 8Ccordingetn oragr potE HEsauesay shrmpels
antenna  seligpletendtd®y MBYrehSntyBLRFRAIE dndifddNg 8N iS Wnb@Pli® uEORPIi HaL i on of
har dware and/ or software, and may include any circuit, CIrCUItr¥ unit or
conbi nat i on 18feiver diegr atedd neFrIshaingls harh &tge Vitrine o7 merecf rrignias 1154 T4 eed known

inthe art, 13 RRLTEY MAGRIARLY léﬁﬁér'rf?c’i@ln' §3Ly mddtsm' $32. Rk eéﬂaﬁﬁ@@t dithe terms
"circuit" and ‘cifcuitry” as used herein, @¥ i nclude any suita

conblnatlonlﬁﬂﬂmah@mahéﬁ%bm@@ﬁ@ﬁﬂ%”@ﬁﬁﬁbﬁﬂb ma be deardubatrdritysmodsny 132, as
descri bed hgm] {,lfeg%@l Ref Anen eac&o%dl @& ui;e wg* hetifd mégv 61 aSGhEMRL 63 1 Y
a 5 sone

illustrates a anne W rel ess I n accordance w
exenpl ary enbotimbid,se.nf as Idescuhc:ﬂehqlwm.ﬂle[ @@zaqulwﬁcémdirnfg bo txosferraxbnpl ary

e”bOdi”E”Fsc%gnln?lzﬂxgﬂkhgﬁq1€%¥%%§dé8gb&ﬁ%k9@ capabl e of receiving and/or
a

transmttin usin emor a dual channel noden1 as
described b 1l 2@;@5 grghng,g@ eg&nglg S &fb b ay.ention,
devi ce 200 ﬁﬁgﬂﬁt ﬁ de a rt\E|orocesérorSSZOS ass%%ﬁ% ahéﬁcon% P ” 210, as

descri bed |nﬂdewavmsb@wnmhw“@EVM@eﬁQEQ @ﬁmwkamydnnmvb@&emamdﬁdbwahEWnel

modem 220, and, SIS AAMASI ARG W, g RO BLLPTa2HorsRRget  vel .

as descri be Device may al so |ndlu and a
second RF pathMB5®36ea@hbaﬂsmcmataﬁummgtmmnawaﬁnZzabmmdnnnﬂbmﬁﬁaﬂzmﬁhth 240
:Rgeﬁﬁtag ng Ha Xre al%nns'xzrx? %1101%‘5]9 énoyrmrcm?ecllr\éf?ltrg,a&nat (;[Ioc/o];n sk [Im{egra edyancci)/fm

sepeuate units or circuits, as are lknown in the art, to perform desired functionalities. It is

noted that the terms “circuit” and “circuitry” as used herein, may include any suitable

combination of hardWare components and/or software components, e.g., as described

below.

[0026]Reference is made to Fig. 2, which schematically illustrates a dual-channel wireless

device 200 in accordance with some exemplary embodiments of the invention.

[0027]According to some exemplary embodiments of the invention, device 200 may be
capable of receiving and/or transmitting data using either a STC modem or a dual-channel

modem, as described below.

[0028] According to exemplary embodiments of the invention, device 200 may include a
processor 205 associated with a controller 210, as described in detail below. Device 200
may also include a dual channel modem 220 and a STC modem 230 associated with
controller 210, respectively, as described below. Device 200 may also include a first RF
path 240 and a second RF path 250, each associated with modem 220 and modem 230. Path
240 and path 250 may transmit and/or receive data to/from a plurality of antennas, e.g.,
antennas 290, 292 and 294, via an antenna selection module 280, as is known in the art.

Path 240 and path 250 may include any suitable RF path for transmitting and/or receiving

7



antennas 290, 292 and 294, via an antenna selection nodule 280, as is known
inthe art. Path 240 and path 250 may include any suitable RF path for
transmtting and/or receiving 7 WO 2005/062514 PCT/US2004/038173 data

t hrough a channel, as is known in the art. For exanple, path 240 nmay incl ude
a transnlséYQﬁWTﬁﬁWL%ub nmodul e 242 and a Receiving (Rx) PETMSHOHM8E3244, and
path 250 nmay include a Tx sub-rnodule 252 and a Rx sub-nodule 254, as are
known in the art. [0029] According to exenplary enbodi nents of the

i nvention, nodern 220 nmay include any suitable dual-channel nodem for
nDduIatlng data to be transmtted and/or denodul ating received data

accordi ng togg, Woﬁ’éﬂ'at l:ll%ﬁé(l' '3913”8{0%% tﬁ@anemr@hﬁ 1enB£ﬁn5h0 %?af} ﬂ@lﬁdé pclude a
channel sel ection nmodul e 22 e.g., as is known inthe art, t0 select a

frequency chasnmissipn(Ter sgradete 3{1‘@ ang EaRgsrisvE dBY) suboredmidlolandpatz 260 For
exanpl e, t hema& fnaqa'eemymmemé 297BYq BRx S&J- mealﬁgzﬁa%ﬂe v iRiysikcal -carri er

sensi ng mechani smor a virtual-carrier sensi ng meéch anism as are defined by

the 802.11 s @M%Egndl[lg%glenwy|eﬁ’1bgd?n%e1{@¥f ﬁlEEiﬁlz%B%n tnmaclq 28 hdyome@nt rol er

210 to a flrst MC- based channel” access control nodule 224 or to a second
MC- based chagelsuitibice sialebpneb| medseiulfer ppgulating (flata b@s@ﬂtﬁmﬂmﬁéiﬁ@ﬁéeted

frequency chap %lllrz]xtulr:gaﬁ&lgd JE&%LQ@@I %%ﬁa ugqmﬁgﬁe{lrg%m%o %aﬁﬂ%let ot ! rol

transm ssi on o?) data via an 1nd cy c \arn e g., using
one or nore 310 mat veldsa 2BQuel2gReliondniRlE, 22&56 gs ak soumwinn theeartafa seldc0@31]

Vodul e 222 gy 5008 AGANE Sk BeCRN £liadNEEANANRSIP St O, ke, R8O

accordi ng 0" bnRe nore frequen y channel s |np enent ed by
mul ti pl exi ngfrﬂmtlmw,haxasl irgy Uersolasted hastdhen arnhymﬁahcaxemasqmbxeg mmhbgnllsen 22 may

cont r O! sel effl L1 C%?g] gegsu%ﬁ%(gﬁmgﬁ,disg{e dgﬁlge% b&SSI @gtl?g&g@ar(ggo 292 and 294 for

recei ving da gn one or ~ nore of antennas

290, 292 a”dgo%?(ggfo‘aﬂletzfz?ﬂfi?‘utabéfQQhedﬁ?attﬁlnpu 1tgﬂlng o ta*’ﬁ&ﬁ@f&&:%%f%lxﬁ{@ld”' e 224

may be associa wtha i ngle encodi ng
nmodul e 228 amdesa chitrod imo8hiSQ2d ec tda sr:gomrbm@ @s@@xammh deagsstwngol22édubm32ohe

associ at ed th. a $8G9 adi n ec SISO decodin
I 5 27W| %BHSF onztggé se%ecicazg'gcﬁle 813111 eggéach mo ? §a72§ erH Cyoa I 'ng

nodul e sul tabl ?ng
nodul es, e. gadapted toatoetrol transmission of the data via an mdmdual frequency channel, e.g., using

one or more of antennas 290, 292 and 294, as is known in the art.

[0031]Module 222 may also be adapted to control antenna selection module 280 according
to one or more frequency channels implemented by the MC multiplexing method, as is
known in the art. For example, module 222 may control selector 280 to assign one or more
of antennas 290, 292 and 294 for receiving data, e.g., via path 240, and to assign one or

more of antennas 290, 292 and 294 for transmitting data, e.g., via path 250.

[0032]Module 224 may be associated with a first Single-Input-Single-Output (SISO)
encoding module 228 and a first SISO decoding module 229, and module 226 may be
associated with a second SISO encoding module 225 and a second SISO decoding module
227. Modules 228 and 225 may include any suitable SISO encoding modules, e.g., as are
known in the art, adapted to encode the data to be transmitted via paths 240 and 250,
respectively. Modules 229 and 227 may include any suitable SISO decoding modules, e.g.,
as are known in the art, adapted to decode data received via paths 240 and 250,
respectively. Path 240 and/or path 250 may be assigned individually to a channel, e.g., by
module 224 and/or module 226, such that a data-frame may be transmitted through one of
paths 240 and 250. At least some of antennas 290, 292 and 294 may be controllably

assigned, e.g., by module 222, to path 240 or path 250. Thus, modem 220 may be
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known in the art, adapted to encode the data to be transmtted via paths 240
and 250, respectively. Mdules 229 and 227 may include any suitable 8150
decodi ng nodules, e.g., as are tarot nn in the art, adapted to decode data
recei ved viayﬁaths 240 and 250, respectively. Path 240 and/or path 250 may
be assigned TAA"I" MoK Iy to a channel, e.g.., by nodul e PSPASHRHPBI3npdul e
226, such that a data-frane may be transmitted through one of paths 240 and
250. At | east sone of antennas 290, 292 and 294 may be controll ably
assigned, e.g., by nodule 222, to path 2401 or path 250. Thus, nodem 220 may
be 8 WD 2005/062514 PCT/11S2004/ 038173 inmplenmented, for exanple, to
transmt andinplementsd; {pe cxhmpde, 6v Grnsmijanf/PeBORYRCdAtONgR ed Sequencypdieatelseh, e. g.

in full dupl gx.;Mdulie R BRI E: 4 0hddRY 236 59y bE k for
an acknomdedg%%nf %%ékfgﬁﬁgnqug?9e§%gﬁgihg to tﬁ%y a%gggggﬁgkéggﬁgﬁﬁtted,
and transf er an asnowlednenPAL1) fsimgreairespordingdp thediaiagfrants twinemnitied, aadh trdGRer f r ame
was received, o 59988 d n.t ] dyl.e 224 .and nodul e 226 may
al so be adap{oexéoc[&ge "s"é’%ds ‘%‘Bﬁl %W %{h‘gto \gl%}lr%éé%é% ng t\g%ergg%‘%gé)f g&f e
recei ved wit houwtn ie tiregirts Modsle 284 komlowedule 26 eny aufsp . be p@Q:83 to Aaciomdi GBI fitvae

exenpl ary enpodi nent s, of the Lnventi.on, .nodem 230 . i ncl.ude any suitable
nmodem for nodUl s Eﬁlﬁgéfa?ta%ﬁ gfga Ee T 5%%%1%1@% Anas %Srls eo%ld'ﬂlﬂéeﬁr%g recei ved

data accordi ) | 1 pl.exi . F anpl.e, - em 230, may
include a S éﬁgggodéggé%ﬁ% pgiég)eélgggdé%%%]gfmﬁédﬁ@%g% dgraaigt'ag’&ayt Bt r ol
si mul t aneousanyt judagern®dénn dorvinedubaing sia@ 4@ bamrdns2b@edofndfohalepadidatingaedeired from

controller 2 ;921 usij on hanne nown. in,the art.

[00.34] Moduf® Q%Q%m to A2 tgréu?léplexrleqxlfllgtﬂcé( F%} F)fag}plle’ .n?‘osdex:-pﬁze% g?yalnflgdeb%

apabl e of nu exing
transm tted, SEC{asedt chanml owdcdss tcotrgbamadile] 232 e gdepredeso t enhel ssinuitaheoweous! y

transmtted via pat hs. 240 & : 3??8 ﬁeggectci.velfgd Ntf%le?ﬁgz may.. be
associ at ed WtHR LS RF VOPEIR ot A gt a8 eeiued fom ganiRlI A B g SiiG i e 234.
Modul e 236 nayquenglclish@elamyis Buiviraibltie: M MO encodi ng nodule, e.g" as is known
in the art, adapted to encode the two data sequences provided from nodule
232 Modul e 2R34ipspdulacBudry aBy bs tapablblobmkiMekidg drdiatago e ddh®yiti@l, gg, tdS 1S
gzgvgnhnzggem%{/itdé t\?f'cg g‘g[al?eq sgq%égceeg (‘?(9 Be gf?'r;[u m{egl(l:s?yl '}{'z?l%m?t{egu\!ig %Qt 19 Ljid XndV!Zﬂ), paths

respectively. Module 232 may be associated with a MIMO encoding module 236 and a

MIMO decoding module 234. Module 236 may include any suitable MIMO encoding

moduie, e.g., as is known in the art, adapted to encode the two data sequences provided

from module 232. Module 234 may include any suitable MIMO decoding module, e.g., as

is known in the art, adapted to decode data received simultaneously via paths 240 and 250.

Module 232 may also be capable of demultiplexing decoded data provided from module

234, as is known in the art. Thus, modem 230 may be implemented to transmit or receive a

data-frame via one channel on both path 240 and path 250 simultaneously.

[0035]Module 232 may also be adapted to check if an ACK frame, corresponding to the
data-frame transmitted, is received, as is known in the art. Module 232 may also be adapted
to send an ACK frame corresponding to each data-frame correctly received, as is known in

the art.

[0036] According to exemplary embodiments of the invention, controller 210 may include
a selection module 211 to select between either frequency-multiplexing modulation
method, which may be implemented using modem 220, or spatial-multiplexing modulation
method, which may be may be implemented by modem 230, based on the predetermined

criterion, as described in detail below.



Modul e 232 may al so be capable of denmtipl exi ng decoded data provided from
nodule 234, as is known in the art. Thus, nodem 230 nmay be inplenented to
transmt or receive a data-frame via one channel on both path 240 and path
250 sinul taneously. { 0035JModul e 232 may al so be adapted to check if an ACK
frane, corré’%‘ﬁ&‘f?&% o the data-frame transnmitted, is PETASYBHIIHE s
known in the art.. Mdule 232 nay al so be adapted to send an ACK frane
corresponding to each data-franme correctly received, as is known in the
art. [0036] According to exenplary enbodi ments of the invention, controller
210 may include a selection nodule 211 to select between either

f r equency- nu[00B HlAexdirdige i dxdnzptdry mmbpdimkae of Witsi inhentrary, dostrodlig| 28 remtyedscusi ng
nodem 220, or at i-al - ' [ j _ ~which may.be .may be
ol ement ed. 05 RahLegadb i PLERER TRi: Bhigd e BENIAA oo

descri bed i nketndn thelae! Guniro8eNADD 200510 G4 2 FETokIER ap6h10331 28ociated with

[ 0037] Accordi ng to,ex | ar nbodi f the. in tion, conir.oll 210
may al so i n%qeﬂ%glogfﬁﬁ'z{?arllgﬁée%ﬁglﬁléOdﬁE(%f‘e&fﬁmg%lfl%yﬁlom%??é eg/(t&dﬁle&ﬁ)vi ded
f r om pr ocessefth 3Qfata-fasnd, 8.g., kviewn eantdies avatlablCtranbhiesio? Modme/ 28 8@y i ncl ude

a Tx control dule 21 .3 associated with ueye nod 12 and_ sel ection
modul o 11 e maneE B EER A sYiet ot e P gt o aRcR Pl

e. Ig. , yvheln ath6ha'l‘i(?ﬂ|atib1$haa‘a!%lﬁddabieeecfeﬂr thyr amﬁﬁlssmg, | i dube 2>1a3n%raly theé 2

sel ective ransfer' the data-franme to either u or . nodul e , in
accor dancey "‘i"ﬂenctyﬁ%”l%ﬁiﬁ‘i‘gai’lf’g‘ﬂatf?@tlﬂﬁfﬁ"ds’éIsﬁlﬁctt?éjdggi?wﬁ‘gaél%i Bedule P15 mpy,

exanpl e, t heyarkfee Gidiag)ramiel thinpldari 119. ORGEkaY,i i0hepithpehuithlsal:aséRetiby nodul e
211, nodule 213 C{T,ﬁy tr nsf% tf]er\ da&q%é{rane_ togfrpgul e %_22. Conversely, if
the spati al - BEiPq ISPESSHPYHBAMEA T OO IH Ry tendle) 1z faljr ligipe fh@ases 21

nodul e 213 neisahlE ansf er nlsdamedana-lﬁaragﬁw_td@ 0 deh@ol2 Ak dule MBURH2 & 25i@a) MOdUI €
232 may provide Tx control nodul e 31 with a signal corresponding to

whet her an ACRCFRoBHBE LoMhebycidb el fragerorewasting toed tl‘al&ﬁ“a“‘fdr‘%ﬁ%ﬁm% was

recei ved. | f anvAGKaf nRBANRSWRO ot FRESEY 89 conlb] KOMIE Blay BRGMIL & ARY,HIK: abl e to

re-send the data-franme through a different channel, as is known In the art
data-frame through a different channel, as is known in the art.

[0038]According to exemplary embodiments of the invention, controller 210 may also
include an Rx flow control module 214 to transfer demodulated data provided from module
226, module 232 and/or module 224 to a Rx frame queue module 215, as is known in the
art. Module 215 may be able to buffer the data provided from module 214 and to transfer

the buffered data to processor 205, as is known in the art.

[0039] According to some exemplary embodiments of the invention, it may be required to
provide device 200 with information identifying the modulation method, e.g., the
frequency-multiplexing modulation method or the spatial-multiplexing method, used for
modulating a data-frame to be received by device 200. This may be performed, for
example, by transmitting to device 200, e.g., before switching between multiplexing
methods, a training sequence including information corresponding to the selected

multiplexing method.

[0040] According to other embodiments of the invention, it may not be required to inform
device 200 of the multiplexing method used for modulating the data. In such other
embodiments, device 200 may be adapted to detect the multiplexing method wsed to
modulate the received data. For example, modules 229 and 227 may be capable of decoding

only data-frames previously encoded according to the MC multiplexing method, and
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[ 0038] According to exenplary enbodi nents of the invention, controller 210
may al so include an Rx flow control nodule 214 to transfer denodul ated data
provi ded from nodule 226, nodule 232 and/or nodule 224 to a Rx frame queue
nodul e 215,\@§‘%s %nomn in the art. Mdule 215 may be able to buffer the
data provi det’ fPIMAbdul e 214 and to transfer the buffePEHUSHIHIBYS
processor 205, as is known in the art. [0039] According to sone exenplary
enbodi ments of the invention, it may be required to provide device 200 with
information identifying the nodul ati on nethod, e.g., the
frequency-nul ti pl exi ng nodul ati on nethod or the spatial-mnultiplexing nethod,
used for nodetudd i?ﬂ@b:ﬂr lﬁba&a@alfldf anicbde didy deciinedrbyoddyimeedsdRcording o My be
per f or med, for viﬁﬁ é&atransnlttlng to device 200, e.g., before

swi t chi ng befife qug ! met hods, a training sequence including

nf or mat i on ondi 0 e sel ec net hod 0040]
hacord gt 0[5@{1&5519@%1%9%%? WGpSBR Foh R da t e g R SRRk b ¢ o
i nform devideeicg 0. ofevich@omut tv[lpbcexppﬁ’dgxalmtblslaﬁbsashded or therduhatdetige 2ée dat a.

I n such other enbodi.nents, .device 200 nm t o, detect the
BB g R e R s o O R e A

nmodul es 229 gpekiglatiFenobed eapahh @ raf ﬂ]@p@ﬁm@mfylﬁg\wdmu&e fo iipRsneRt @Vi ously
encoded accordlng to the MC nwltl IeX| g% 10_ VO 2005/0 2514
PCT/ US2004/ 038! Skbeharsd Duupladye B’é“@%p’él % ¢ aca@claa%e“bamwaataﬂw

previously engRded mesral Neciid@ng b VC SGndldddedsbotid] ighduik hpdisof HR4AJA t hough
t he above discussion refers to a dual -channel wirel ess comuni cati on

devi ce, e. g.modiss ek SIGE, depqding Pedulss: appreci ated by those skilled in the art
t hat device 200 may be nodified to i a cQ ni cati n device of n

| enent
channel s, fdP L@i&?ﬁﬁldé“g tgyoms eipbosinens d ar}p lfﬁﬁgvefzwa duiszh! Fay e icfeﬁrﬂ P4t hs; by

nodi fyi ng rmsﬂe%mn%ﬁ%uitméxml xﬁmmmo@nwmed eh@p @;ﬁklal%'[ﬁtlpl@)‘éiﬂ% nﬂ%hfhﬂlcm @&h&g
nmet hod, and by replacin 20 with a suitab annel e.g.,

i ncl udi ng 7abafad O@Héﬁ?i@lelg ‘&@b’é‘s"é””éoprﬂ‘ e g chgmelnualigmay e ol H@jed Wé*aiul es and
n Sl SO deco%nﬂﬂta'ﬁ’cﬂ"xﬁe@% module 211 from module 214 and/or module 213, as described below.

[0043]According to some exemplary embodiments of the invention, the channel quality
may be evaluated in relation to the number of data-frames that are transmitted by device
200 compared to the number of such data-frames that are acknowledged by, for example,
an ACK frame, as described above. The channel quality value may be expressed in terms of
a percentage, for example, a Packet Error Rate (PER) percentage, which may be, for
example, the number of data-frames for which an ACK frame has not been received, over
the number of data-frames transmitted in a particular period. In some embodiments, a
success/fail rate of transmitted data-frames may be measured or calculated over an interval
of, for example, a most recent group of data-frames that were transmitted, for example, the
last 100 or 1000 data-frames transmitted, if desired. In other embodiments, a success/fail
rate or a PER may be calculated over a given time period. Thus, for example, module 211
may evaluate the channel quality based on the PER percentage, e.g., related to previously

transmitted data-frames. Other measures or periods of calculations may be used.

[0044] According to some embodiments of the invention, the channel quality may be
expressed in terms of Cyclic Redundancy Check (CRC) error percentage, which may be,
for example, the number of data-frames received, e.g., by module 214, with an incorrect

CRC, over the number of data-frames received in a particular period. Thus, for example,



[ 0042] According to sone enbodi ments of the invention, nodule 211 may sel ect
either the frequency-nultiplexing nodulation nethod or the

spatial -nmul tipl exing nodul ati on nethod based on a channel quality val ue.
For exanpl e, (gh%nzﬁ(hannel gquality may be eval uated based on data provided to
modul e 211 PIOM'Y¥Al%e 214 and/or nodule 213, as descri b &G TREPBHI381T30043]
According to sone exenplary enbodi nents of the invention, the channel
quality may be evaluated in relation to the nunber of data-frames that are
transmtted by device 200 conpared to the nunber of such data-franes that
are acknow edged by, for exanple, an ACK frane, as descri bed above. The
channel qual hmyulwalmmaym:yalbz&e d)epmamsaedueiliﬁy beedren dife CRCperot entcagege, £@r,
exanple, a Pa et Error te per.cent age, which may be, for exanple,
the nunber of° aéﬁatuép’feygu %Raé ewgdvﬁ% " ACK frame has not been received, over

t he n_unber O OogﬁtAccmﬁl?gfc? satnfe eX P@ er?bo'am%n{gaorftt 'gj]aefaltlo e(é{{r?gog ‘?ng fr%rggsﬁe asur ed

enbodi nent s, succes ransm tte
or cal cul at edacov@rbyamodm et4 aday nwllqdefqoahtexeaatpﬂ @formatos te.gr, &6 elefingr tputhe of

dat a- f ranes t r n [ ex st 100 1000

dat a- f r ames %ﬁné\rﬁ% ? R} ggg‘epsﬁ rl%cPeQ Oog efngésnLnbpzenﬁ%%d egaa§§%f8‘5gg)'f ai |
rate or a PERerf@g.l1ble staaiau:dJIthet qdalmy/eerlated g1fmmatubn may [ber pasidof a'twaunbieoof exanpl e,
nodul e 211 v nnel I ity based,o PER cent age,
e.g., relat el %155% q%Lavi? msfq{/agm aj] i t%éa Vel 8T fﬂf%s%%ﬁ% r”@sl or

peri ods of calhlﬁdmheateﬁpeng amy,ﬁb@i wysiel 807 0Q4¢hhdafd; Glor flialiy rtiates Gfemenbothayrent s of
the inventio chann ?c’]dua |t\éﬁmay be expressed in ternms of Cyclic

Redundancy ee‘%?k FERETVE ’?1 EBYLEATSige, which may be, for exanpl e, the
an incorrect CRC,

nunber of da r.ame cei,ved nodul e 214

over the nun’@gi‘}g} Oﬂ‘if’%?? rogf’?éses‘?lg%lgriyveé@%flwleggp(gr %1? c‘hYeéBPOIbe?‘ iPEACepE £ or
e>r<]arrplfa 1|:|.lrM1%@<Q}561QGHﬁSL43€ RCTNVEISR0OAI0 380, 23, aﬂmﬂt&Haer&ﬁﬂcdrmye meglauatze t he
channel qualjt ase error ted.to

rovi oust'y rcpUed har: PRENES! Fobess et JRdAy <t ootieesed SRy yrine

enbodi ment s ghudnbead RYEW @merBQO@rFoﬁ’ﬂéﬁfﬁlpﬂd’ MBASle 2 eciyvediuby toddhe] 214 may
i ncl ude qual i téurel ated information, e.qg., as defi nedgjﬂéwt he 802.11 Ic

standard. Folibyapoen 5 FORSBRIM BN Eijteioniger & MRpAehErndeduls 44 inds

defined DY the predetermined training sequence.
[0047] According to some embodiments of the invention, module 211 may select either the
frequency-multiplexing modulation method, e.g., as may be implemented by modem 220,
or the spatial-multiplexing modulation method, e.g., as may be implemented by modem
230, based on the channel quality value. Thus, for example, the data frame may be
selectively modulated using either the frequency-multiplexing modulation method or the
spatial-multiplexing modulation method based on the predetermined criterion. The

selection may be performed using any suitable selection method, e.g., as described below.

[0048]Reference is made to Fig. 3, which schematically illustrates a flow chart of a
method of controllably selecting between the spatial-multiplexing modulation method and
the frequency-multiplexing modulation method in accordance with an exemplary

embodiment of the invention.

[0049]As indicated at block 302, the method may include selecting a pre-determined

modulation method, e.g., the spatial-multiplexing modulation method.

[0050] As indicated at block 304, the channe! quality corresponding to a channel estimation

related to the pre-determined modulation method may be evaluated, and a channel quality
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the 802. 11k standard, the quality related informati on nmay be part of a
preanble of a received data-franme. Additionally or alternatively, for
exanple, if closed loop signaling is inplenented, e.g., as defined by the
802.1llc Stawgﬁﬂgmai?f quality related information may be part of a

recei ved managenent flame. [0046]According to other exen‘d’lcéwlﬂﬁz@d’i%qdﬁrents of
the invention, a predeternlned training sequence may be received by device
200, e.g., at a predetermned tinme interval, as is known in the art- Module
211 may eval uate the channel quality based on the training sequence as
recei ved by device 200. For exanple, nodule 211 nmay eval uate the channel

qual i ty baselugncaresgongiag i ts on clfnnel hestimatiinnickatpdsoq the nedetegmjored vinatimthtibs om

nodul e 214 r g, n sequence. [0047] According to
sonme enbodi arr@g“%&lo?yﬁfgg\?&n@é%T %Sgdeg&r%dﬂbgg%ll may sel ect either the

e oy Mobs Bheh i oM AL AL mc s the ARl BYARE laJR SURRLST DY

nodem 220, e sp X1 'ng nodul ation as may be
i npl enent ed éby pmd@min@&me beesed T@newahvelecﬂﬂanlrrﬁ@helq;uaiitj/ may \balevauatsihinsing f or

exanpl e, the (y ?‘3515%5%? Y egry nodul at ed using either the
frequency- mut |p eX| ng u ation Rod O the spatial - mul tipl exi ng

modul ati on mpphad, %&q@d%blggfaw ﬂf&%gmlﬁ Pﬁg%é@omp%nng & pangl Gflihen my

be perforned usi'ng any suitabl e $election escCri bel ow.
[ 0048] Ref er evibe fosa reefietetoingd gefeBneewipiabty sadee reeg @ahinynurhlthﬂyataks aflow

char t of a cfula%gn g‘}(eth%g ﬂf g%!e ls@lgété(d[ %a%%?c%t 1189 9(%1’}1]%5 %‘Eebet\;vce the ctraﬁ‘lel Iqual ty

spati al - mul ti piexi ng nodul at1on ne requenc

nodul ati on n'erlhhcmdd ihe 1a”cmmecta.uaht$ valut| H‘oamzmmﬁie@mdeteemhenﬁlmémmxaﬁfmm]hﬂ

i nvention. [004 |ncI el ecting
a pre-deter ni Elz'l’etdl' SPmlauﬁn ]?lipfexmﬁe?%ué‘f)m metq)w(“"t“rf@/ebe Seliecgeg Eﬁ?lt?lﬁ?%e %

nodul at i on nefikradat |25 todushelaﬁﬁemat]mlu)awahtal ock 304 t he channel qual ity
corresponding to a channel estimation related to the pre-determ ned

nodul ati on rr[@t)hc}ds mdicateé atblatlufise dhe faaqdenay-mwimtmingquaiuﬂaﬁym niehodhay be

rngg/{ é(]j-6t2(5)1:1%é)‘ gié%o }ﬂ/rﬁgﬁ8l7ﬁ.\6(¥a?|a? %qﬁéletﬁgpe?cg’!m%g QU%H)’ value. nﬂle chgl%}el mat I on

quahty value corresponding to the predetermmed modulation method may be re-evaluated
periodically, e.g., according to the predetermmed time interval, and compared to the

reference quality value, as indicated at block 304.

[0054] Thus, according to this exemplary embodiment, the spatial-multiplexing modulation
method may be selected, e.g., by module 211 (Fig. 2), if the channel quality value
corresponding to the spatial-multiplexing modulation method is at least equal to the
reference quality value. The frequency-multiplexing modulation method may be selected,

e.g., by module 211 (Fig. 2), if the channel quality is less than the reference quality value.

[0055]1t will be appreciated by those skilled in the art that the device system and/or
methed, according to embodiments of the invention, may be implemented to achieve a
relatively stable and relatively high throughput in an open environment, ie., an
environment characterized by relatively low multi-path effects, as well as in a closed
environment, i.e., an environment characterized by relatively high multi-path effects. This
may be achieved, for example, by selectively switching between the spatial-multiplexing .

modem and the frequency-multiplexing modem, as described above.

[0056)Embodiments of the present invention may be implemented by software, by

hardware, or by any combination of software and/or hardware as may be suitable for

13



met hod may be provided, e.g., as described above. [0051] According to sone
exenpl ary enbodi nents, the channel quality may be evaluated at a
predetermned tine interval. For exanple, the channel quality may be

eval uated dyrin a_channel scanning process, as is known in the art.

[0052] As in %%a&‘ 23t bl ock 306, the method may incl ude RERMYSIHHEPSERe
channel quality value to a predeterm ned reference quality value, e.g., a
m nimum qual ity value. A nodul ati on nethod nay be sel ected based on the
conpari son between the channel quality value and the reference quality

val ue. For exanple, the predeterm ned nodul ati on nethod, e.g., the

spati al - mul tdppdxﬁuhppgcmdublamiaomrmmwdh spwiﬁc Idesigedeemtemtnisf Britediotratanél
quality val ere C 53]As

i ndi cat ed attH%P%ceI?%i@ﬁgl%o? Hmyf%mzlﬁiﬁélﬂ%s s ti FeXi ﬁl o hﬁf%)ﬁa% OLflr?%qthho "may be
selected if dr h@ndahanrtegethm,ain tW)oMaduum pa$t Iaeessmetyhbm uhhlemmﬁ&eruange;pquasl,l ty

val ue. The chqﬂnel ‘qual |tg val ue corres ondln% 0,t he pre eternlg

modul ati on nBEHTHRNS heB ok PRGEPS O pEVFSait AT yRoun gin MG 8 4PHES t o t he
predeterm nednﬂodmmsrﬁfelﬁe/pksenamdemmﬁmayeﬁtmde btuffers Iregxfsersea@@gquatsl dny/oval ue,
as indicated at bl ock 304. L j%Thus accor ? this exegpbary

enbodi ment , 'Pﬁl%‘”%ﬂia‘t‘% ST FRIPIP BN P b UL ER Pio "H’é‘ %4y OWﬁyt"o 5Bkt ed,
e.g,, by nod(;ﬂeﬁn&iafa(sﬁb(gﬁp Znbodirhent.he channel quality value corresponding to
t he spatial -nmul tiplexing nodul ati on nethod is at |east equal to the
reference quabmwhmawemn I'éhala‘sroeqwemwmuhdve pEaxillngramacihd ales@bedRdréigd may be
sel ected, e. modul e 211‘%@5% | f the channel quallt Lg | ess than
t he referenclamau%crd?/wlv&r PO BHEEFLE 5 quaéleatﬁﬁraé@rcatl cathsw REERSKi | | ed
inthe art téhat lnttl‘ftﬁardelthé;@)e?éd‘o‘ﬁeemb@ﬁﬁﬂ@ﬁtoodnfﬂﬁthﬁdapp@ﬁ@e@ﬁﬂhuﬂgaJteQru@lﬁﬂé@(ﬂd ment s

of the |nvent|on be i npl emented to e relatively stable and
rel atively HOYH 2 ﬁﬁ‘%]d@‘l’%@ﬁauf”ﬁ a3d chagess a8 fiﬂ%l@m@mw@ §pigt of theqnvegtion: r onnrent

characterized by relatively low nulti-path effects, as well as in a closed
environment, i.e., an environnent characterized by relatively high
multi-path effects. This may be achieved, for exanple, by selectively

swi tching between the spatial-nultiplexing nbodemand the
frequency-nul ti pl exi ng nodem as descri bed above. [0056] Enbodi nents of the
present invention nmay be inplenented by software, by
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har dwar e, or by any conbination of software and/or hardware as may be
suitable for 13 WD 2005/062514 11 CT/ 162004/ 038173 specific applications or
in accordance with specific design requirenents. Enbodi nents of the present
invention may include units and sub-units, which nay be separate of each

ot her or conbined together, in whole or in part, and may be inpl enented
using specific, rmulti-purpose or general processors, or devices as are
known in the art. Sone enbodi ments of the present invention may include
buffers, registers, storage units(ﬁﬂgﬁgg menory units, for tenporary or

| ong-term storage of data and/or i r to facilitate the operation of a
speci fic enbodi nent. [0057] Wiile certain features of the invention have
been illustrated and descri bed herein, many nodifications, substitutions,
changes Whaids dejitnedds:ent s may occur to those of ordinary skill in the art.
It is, therefore, to be understood that the appended clains are intended to
cover all such nodifications and changes as fall within the true spirit of

the invention, 14A6ApMatus\Woadpristnge! ai med is: 1. An apparatus conprising: a
mul ti-channel nodem inplenmenting a frequency-nultiplexing nodulation

met hod; a spati al -qrumuliyichsingy midlem i impplemerfinghgaa Bemehey-mutiplexipg exi ng
nodul ati on net L&O%{tioandetlﬁqﬁc'om roller to select either said nmulti-channel
nmodem or sai &% bl P ti pl exing nodemto nodul ate a data-frame of a

signal based on a, Bﬁe&ﬁﬁrﬁﬂtﬁ@l@ﬁd?cﬁbﬁ@ﬁi ApleRBIiRE Na SepatalMuhfultigi®annel nodem
conprises: a plurality of channel access control nodules able to be assigned
to a plural imodubstiop mfithaddend frequent channel s, respectively;

a controller to select either said multi-channel modem or said spatial-
multiplexing modem to modulate a data-frame of a signal based on a
predetermined criterion,
wherein said multi-channel modem comprises:

a plurality of channel access control modules able to be assigned to a
plurality of individual frequent channels, respectively;

a plurality of single-input-single-output encoding modules able to
modulate data provided by said plurality of channel access control modules,
respectively; and

a plurality of single-input-single-output decoding modules associated
with said plurality of access control modules, respectively, and able to
demodulate data received from a plurality of radio frequency paths,

respectively.
2. The apparatus of claim 1, wherein said predetermined -criterion
comprises a comparison between a channel quality value and a predetermined

reference quality value.

3. The apparatus of claim 2, wherein said reference quality value comprises

a minimum quality value.
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a plurality of single-input-single-output encoding nodul es able to nodul ate
data provided by said plurality of channel access control nodul es,
respectively; and a plurality of single-input-single-output decodi ng nodul es
associated wth said plurality of access control nodul es, respectively, and
able to denodul ate data received froma plurality of radio frequency paths,
respectively. 2. The apparatus of claim1, wherein said predeterm ned
criterion conprises a conparison between a channel quality value and a

predet erm neq refT‘BE%gﬁfraﬁx‘é%'ficia\fmvf}'\#ﬁ%reif?-saiﬁ%aﬁ{éﬁ’ Eaﬁty%afﬂ‘ei 'rél%t’%l}éo wher ei n
said reference quality value conpri'ses a mninumdqualrty val ue. 4. The
appar at us of oat ar oz davh famesn paiclsiyhaceiadd atahshitted dly uke aparatiat ed to one
or nore data frames previously received or transmtted by the apparatus. 5.

The apparatus of claim2, wherein said channel quality value corresponds to

a channel estj mat iﬂ% 5@#&5@9 Le agiing ?p?u,ﬂegéinny%igi R %ﬁl’{#ﬂ%{‘éﬁ@f%ue& The

apparatus of claim erein said multi-channel no conprises a

channel sel ecbiresponduiiol scHaone ekt btiotelelataloiotstidl sphtied naddplgring moden. sai d
plurality of channel access control nodules to said plurality of individua
frequency channels. 7. An apparatus conprising: a frequency-nultiplexing

modem | mp et ngR LLSAMENEY sl £ LGS GATRIN 2AA00) FRUDATR Aespace-ti me

codi ng nodem™T npl enent'rng a tipl'exing no on ne and a

control ler teom@tissta ehdnner sdédtidnmibdile ¢dagleive Foctamiod thes agstbnafeat bal -
mul ti pl exi ng nodemto npdul ate a data-frame of a signal based on a
said plurality of channel access control modules to said plurality of individual

frequency channels.

7. An apparatus comprising:

a frequency-multiplexing modem implementing a frequency-
multiplexing modulation method;

a space-time coding modem implementing a spatial-multiplexing
modulation method; and

a controller to select either said multi-channel modem or said spatial-
multiplexing modem to modulate a data-frame of a signal based on a
predetermined criterion,
wherein said space-time coding modem comprises:

a multiple-input-multiple-output channel access control module able to
multiplex the data-frame of said signal to be transmitted into a plurality of
parallel sequences; and

a multiple-input-multiple-output encoding module able to encode said
parallel sequences and transmit the encoded sequence via a plurality of radio

frequency paths.
8. The apparatus of claim 7, wherein said space-time coding modem further

comprises a multi-input-multi-output decoding module to decode a plurality of

received parallel data sequences from said plurality of paths.
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predetermned criterion, wherein said space-tine coding nodem conprises: a
mul tiple-input-nultiple-output channel access control nodule able to
mul tiplex the data-frane of said signal to be transmtted into a plurality
of parallel sequences; and a nultiple-input-nultiple-output encodi ng nodul e
able to encode said parallel sequences and transmt the encoded sequence
via a plurality of radio frequency paths. 8. The apparatus of claim?7,
wherein said space-tinme coding nodem further conprises a
nulti-input-gplti-outpgt &ecodiQ% nmodul e to decode a plurality of received
paral l el dat & seqdbNUSES] IO B al ity of paths. 16 9. A wirel ess
devi ce conpri si ng:iwh\Wp nftre BRLE dRERoNEI AnBGhhPIAE tARhE AN PeceRleqidmalssend and
receive signals; a frequency-multiplexing nodeminplenenting a frequency-
mul ti pl exi ng nodulaat ifisquensy el tiplgximgacmodeme ooplemgnimgiera i dsqeensyit i ng a
spatial -multi ﬁﬁ%in %ﬁﬁ IatioH?. thod; and a controller to select either
sai d frequendSHHEFEEIT %KW6HQ r said spatial-nultiplexing nodemto
modul ate a dat a-f ,anBaQitideStoAE HOIAR ihpRARMiAS €8 WaRaPNemdipleBhg of said
antennas, based on a predetermned criterion, wherein said space-tine
codi ng nodemmeaiyiationgsethed;renflt i pl e-i nput - mul ti pl e- out put channel access
control nodul e able t? nu{tigl?x.%he q€$a-frane gflsaid skgnal tqibe
transmitted into & PIEFCHFY QSR Cpihs spidireisprismuliplexipg mpdem or sai
mul tiple-i ”p%atml”nidlﬁ{;l%xﬁgt RiddeneOdhosulae x| &rahbet Of 6NGRARI S8l B paral | el
sequences and transmt the encoded sequences via a plurality of radio
transmitted via one or more of said antennas, based on a predetermined

O

criterion,
wherein said space-time coding modem comprises:

a multiple-input-multiple-output channel access control module able to
multiplex the data-frame of said signal to be transmitted into a plurality of
parallel sequences; and

a multiple-input-multiple-output encoding module able to encode said
parallel sequences and transmit the encoded sequences via a plurality of radio

frequency paths.
10. The wireless device of claim 9, wherein said predetermined criterion
comprises a comparison between a channel quality value and a predetermined

reference quality value.

11. The wireless device of claim 10, wherein said reference quality value

comprises a minimum quality value.

12.  The wireless device of claim 9, wherein said frequency-multiplexing modem

comprises a multi-channel modem.

13. The wireless device of claim 12, wherein said multi-channel modem

comprises:
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frequency paths. 10. The wireless device of claim9, wherein said
predeterm ned criterion conprises a conparison between a channel quality
value and a predetermned reference quality value. 11. The w rel ess device
of claim 10, wherein said reference quality value conprises a m ninmm
quality value. 12. The wirel ess device of claim9, wherein said
frequency-mnul tipl exi ng nodem conprises a multi-channel nodem 13. The

wirel ess device of claim12, wherein said multi-channel nodem conprises: 17

a plurality of ch . trol e Le e i.gned. to a
plurality of indi 3:@%&&@3@%@% & easlf’lggﬂgé,l @8@%@%@ F@e{% szagsdgrée%pﬁougal ity of
si ngl e- i nput phirfigy &f ddiyddial érgachcyghamal, éspédtivelyt end nodul at e data provi ded
by said plurality of channel access control nodules, respectively. 14. A
syst em conpri si ng? Rrplkityt of opinelsriepdtisHigleraytipre @sapingsmpgulaswablsr toror e

ant ennas 10 MABE LN BVRRA! P SHUORRT B SARMENEXSULIAR) S ddTodem

i npl ementing a frequenc mul't 1-pl exi ng rodaT at 1 on net%od, a space-?lne
codi ng nodemrésppdteBnt i ng a spatial -mul tiplexing nodulation nethod; a
controller to select said frequency-nultiplexing nodemor said
spatial-multiplexing nodemto nodul ate a data-franme of a signal to be
transmtted \{'ha orAeS}%{&n{rggrg I@g‘in aid antennas, based on a predeterm ned
criterion; wherein, “said space-1ime codi ng nodem conpri ses:

a first communication device comprising:
two or more antennas to transmit and receive signals;
a frequency-multiplexing modem implementing a frequency
multiplexing modulation method;
a space-time coding modem implementing a spatial-multiplexing
modulation method,
a controller to select said frequency-multiplexing modem or said
spatial-multiplexing modem to modulate a data-frame of a signal to
be transmitted via one or more of said antennas, based on a
predetermined criterion;
wherein, said space-time coding modem comprises:
a multiple-input-multiple-output channel access control module
able to multiplex the data-frame of said signal to be transmitted into
a plurality of parallel sequences; and
a multiple-input-multiple-output encoding module able to encode
said parallel sequences and transmit the encoded sequences via a
plurality of radio frequency paths;
and
a second communication device able to receive one or more signals

transmitted by said first device.

15.  The system of claim 14, wherein said predetermined criterion comprises
a comparison between a channel quality value and a predetermined reference

quality value.
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a multiple-input-nultiple-output channel access control nodule able to

mul tiplex the data-frame of said signal to be transmtted into a plurality
of parallel sequences; and a mnultiple-input-multiple-output encodi ng nodul e
able to encode said parallel sequences and transmt the encoded sequences
via a plurality of radio frequency paths; and a second conmunication
device able to receive one or nore signals transmtted by said first
device. 15. The system of claim 14, wherein said predeterm ned criterion

conprises a,conpasison between channel .quality value and a predeterm ned
Cofbrence quii Ty ailen rgtan I REYE sulierints AR Vil G
reference qualmihimvdlquelitgGaRkl ses a mninumquality value. 17. The system

of claim 14, wherein said frequency-nultiplexing nodem conprises a
mul ti-channel nmodem 18. The system of claim 17, wherein said nulti-channel

nodem conpri §6s: luralit f. channel access.control ules able to be
nosigned To 47" pi P P sof, faind 13 aerdE SRR Lo RRE Tl BE BRI er y  and
a plurality @bmpiisgla8nihiiPdHansdlMdRnOUt put encodi ng nodul es able to nodul ate
data provided by said plurality of channel access control nodul es,

respectively. 19
18.  The system of claim 17, wherein said multi-channel modem comprises:
a plurality of channel access control modules able to be assigned to a
plurality of individual frequency channels, respectively; and
a plurality of single-input-single-output encoding modules able to
modulate data provided by said plurality of channel access control modules,

respectively.
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