WO 20051062514 PCT/ US20041035173 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) wireless conmunication device may inplement STC to nultiplex data
into a plurality of parallel data sequences. The STC device may al so

i ncl ude a v@8paomesisie (ST) encoder to encode the datecTamseuensys, 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 channel controllers associated with a plurality of

Si ngl e-| nput Si ngl e- UtMErHODSAPRPARETES ARDS®IEMOR! Ural ity of SISO
decoders, spectively. Each oOf the channel controllers nay be assi ghed to
2 different MEATBLEYNEUEMULTIPHIOWEP U WIRELESS COMMUNIGREON | y ¢ r ansr t
and/ or receive data over a plurality of different frequency channels. WO
2005/ 062514 PCT/ US2004/ 0 HDNOE THE DRAWNGS C C [003]
The subject matter regar ?23‘%{% ﬁgﬁl n\%ﬁé}rﬁl S particularly pointed out and
distinctly claimed in the concluding portion of the specification. The

i nventi on, [mﬂmévMﬂltlple-ERmﬂNa@P'F@utn“bQYﬂpM@t Prpae-Bime-Gading S TEY winglessat i on,

together wid.bnQRi tﬁ;ﬁtd%ncéc A& hﬂp%eﬁtrﬁjl'c Bt é?cQﬁ& 1}11'3% Oﬂ@rﬁluy BPYarklfeft be

understood by reference to the follow ng detail escription when read
with the aéaé@wme%athﬂwgsmhalewaeaﬁpﬁ@ajﬁnﬁ(gﬂ enchsrtae@eqiréhﬁtu c di agram

of a wrel @a%asse&&mrun@atsmc&ﬁsbed&dde ré%&@é?lrdi?an?ﬁe enbbded BREqeKRNP! ary
enbodi ments of 'the present invention; [Q05] Fig. 2 is a schematic

¢ ustrati & lzs%fsmaﬂtensalrslym%@d Byjaplraliyof HEW%%‘S‘PS\ °%?cf596\“%9§h‘3’é““ew th sone
e

| ar he- | nt i and 3 I S schenmati c
il ll]’];)t ra%ll @ﬂg ‘g g&ﬁsiﬂ)ﬁﬂﬁéﬂmb @?’?ﬁ)d’ P'l (‘}F‘P Bﬁ%(’}ti ng between
a spati al - prudakity pf ehanmg cmdu&rahssmihtddemthoﬁplmﬂﬁtya;f ’str@muﬁ;iwsmglﬂ-lautmi exi ng

dul at i hod d ' I mbodi f th
vent i on, CLRBOROSFD 4 4 PR 96 150 4FB0% RRPCRET SoRD T He ARl ol ar ity of

i | lustrati antolietsemgnbs asskgned to a different frequency channel. The MC device may

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



in the drawi ngs have not necessarily been drawn accurately or to scale. For
exanpl e, the dinensions of sone of the elenents nay be exaggerated rel ative
to other elenments for <clarity or several physical conponents included in
one functional block or elenment. Further, where considered appropriate,
reference nunerals may be repeated anong the drawings to indicate

cor r espondwWegousi62a#al ogous el enents, Moreover, sone pET/Udre04bbsoks depi cted
in the drawings may be conmbined into a single function. 2 WO 20051062514
PCT/ US2004/ 038173 DE TAMED DESCRI PTI ON OF EMODI MENTS OF THE | NVENTI ON [ 008]
In the follow ng detail ed description, nunerous specific details are set
forth in order to provide a thorough understanding of the invention.
However, it will be unders t hose of ordinary skill in the art that
the present invention M&MPT@W WW@%% specific details. In
ot her instances, well-known nethods, procedures, conponents and circuits
may not havyesbdaas sdgee matadrepardedessathe ifventivm isOfarticolashp pointe@ dubandr esent

i nvention. .. [.0Q9], Unl,ess spegi.fical.l at ed.. of. herw se, ..as .apparent fromthe
ol Tow ng diiedebisiita i fr SRk Suey o SERsBhOn TH BRensBR HABSRLCC! (| Lot on
di scussi onsothtas|tb 2irgagization reed guethiod &’ opérptionc gethan gyith Sigewtsp didatung, dhd

cal cul ati @%/anta egetf]é?%o%‘ Hl('%)n%est b%r?{d*e‘x‘éto!;d Iﬁf’reférglf.c@rtopﬁe tfgfoﬁf%'dgmled f'ind/ or .
processes of a ctomputer or conmputing system or simlar electronic conputing
devi ce, t hdescripion phénatad withdiearcompamesifdowingd it whishepr esent ed as physical, such
as electronic, quantities within the conputing system s registers and/or
menori es i f08] Sighénis & shematisdipgrapy qfyp wigslpsepmmuaigation syfigps incaerordatgtt i ti es
W thin t hey g oK dxbiapiSY SthsdinfenIBPME prefnt inve@BhSt €rs or other such information
?rage, transm ssion or display devices. In addition, file term
"PTurality'{o08p¥ighe isis eflerhdiic GUGHAIoh of 6ideal-Shaed WirelRis devicé t Atesi@ntde two or

nore conponents, devices, elenepts, paraneters and the |ike, [0010] Not

Wi t hst angPW&EéW eéﬂﬂ%j’gﬁfm?ﬂqgfmﬁﬁgtﬁ'\? W&gnel‘?“;?‘}‘ile term "nmodent (e. gF , ]

nodul at or - | gt.or i n..t A licatio | e eci fi.cal t at ed

ot hgrwi se, ?@ﬁﬁgi%e?rﬁs a')'srcr%%ﬁ"@## rﬁ?ruis&a%ggfogra °|c'$v Qiaﬁltj)oguﬁ %:?tg?:? Ogl.ca{.“f’ﬁ%?lb)d/e\s/i ce able
t o nodul at esletﬁngabetwmspa;idl-rmjltgﬂming modulatipe ntethad smi & fredermpadiublipleking a .
conal's amss Sy meBoE R YER TN ha iR AnpetiBh ot hENRRARL | L0 ol

si gnal s, ahﬁ _ _ _ denodul’ate signal s.
| Ml ement ayguons: vof bRSRARIe! haPF RRARAT Sty RTRRMRIEN s shiy | nvent i on
Y P 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

C the drawings may be combined into a singie function.



on specific applications and design requirenents. Furthernore, nodens in
accordance with sone enbodi nents of the invention may be inplenented by
separate nodul ator and denodul ator units or in a single

nodul at oT/ denodul ator -unit, and such units may be inplenmented using any
sui tabl e conbi nati on of hardware and/or software, [00 11] It should be

under st oodwOh@s/q2kld present invention may be used i neEr/vsasseisy730f
applications. Although the present invention is not limted in this respect,
the circuits and techniques disclosed herein may be used in many
apparatuses such as units of a wireless conmunication system such as for
exanple, a Wreless Local Area Network (W.AN) 3 WO 2005/ 062514

PCT/ US2004/ 039173 C C co ni ' ther unit and/or
device. Units BET b@&ﬂ@ﬁ%®@§ﬁ%ﬁﬁ$ﬁ%ﬁﬁ&ggEﬂgﬁﬂg i.ncluded within
t he scope of the present |nvent|on I ncl ude, by way of exanple only, nodens,
Mobi | e Uni {088) Mhe fobowiag Setdfed desariptidiPpymeronts spetifis detdils areseriforthen siderecei ver s, and

the like. f LA ' to be wthi
the scope BHPPYE ¢ VBE Berioebe B0 el Al R ok BRERABE bt 0, 20, o "
" . | EEE- St d thd&2f bidinadyoskl iiahietarichet the [p8&Ynt p@n880MDayl e pra_@%i)Wiﬂmutalnﬂar d ("the

802 11 stand TR I Gl "L EER: 1999

Suppl enment %ghg&)itmis q‘?ﬁg;g‘r G\ﬁ&gﬁt evsség kﬁ&hymtgo ang® (..r§§ gﬁé’ega?. cati1ons: Hi gher
speed Physrigaits mayyet hav@beéeh desstibedhinidetail sorps notdo ®s@r¢zﬂ1¢)mmnt inventjoBEE- St d

802. 11 b-1999 Supplenment to 802.11-1999, Wreless LAN MAC and PHY

speci fi cat [09%s Uniegsghesificalfyesispdmtipnyiseats appayeat romoithe)follovingdiscatsionn it he 2. 4 Gz
band”, | EEEpShhelfORar LuprgB0Re SYAPAAHRN ishiidh0 uillind S8s W @b eSS LAN MAC
qu PHY eC|f|c§gJons urther Hi gher Data Rate Extension in the 2.4 G
bRnd, Dr af {Prepessing,” Siqemputing:i-pealoplating s> daterminiage) 30rshe, ke weffr tothe 35ion 11-1990:
Wrel ess L&N/M@cedaéi &Wconﬁﬂﬂﬁ of b&l’ﬂ}iutlﬂgn@steﬁp&%lfnilﬁaéléc&&ué @émpdfg 0 Resource

or asent | e Bk L i BT PP DY o PR ot

t echni quesqsdhtitieh Qgithéh heramumys)@tbm dagjstets eﬂd/bzn nigibtis Wfo vihéreledss
communi cat i, Oﬂ éSt ens tem; satelli.te
gy i‘

o o ity PR o8 i el RO SYRTY E MEMRIE: et hods
I ncor por at tegigted $péethdr Such finfermathi smgé,mnshuﬁhmor dlsplay 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 demodulate data frames of
C received signals, and/or to a device able to both modulate and demodulate signals.
Implementations 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]1t should be understood that the present invention may be used in a variety 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

communication system, such as for example, a Wireless Local Area Network (WLAN)
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I nvention are also suitable for conputer communi cation network applications,
for exanple, intranet and Internet applications. Enbodi nents of the

i nvention may be inplenented in conjunction with hardware and/ or software
adapted to interact with a conmputer comrunication network, for exanple, a
LAN, wi de area network (WAN), or a global comunication network, for

exanpl e, twe2owesnet. [0015] Reference is nade to Fipcrdsoososssts
schematically illustrates a wirel ess comunication system 100 in accordance
wi th an enbodi nent of the present invention. It wll be appreciated by
those skilled in the art that the sinplified conponents schematically
illustrated in Fig. 1 are intended for denonstration purposes only, and that
other  compaRaRkeHSRYyskeh BRIOH fCshy| Sher QRRT ABioP Weffe, tﬂil@tsVUfré?'WE‘m syst ens,

devi ces and nethods ‘described here Thqose of skill 1n the art wll
firrther noYBmYHGEHOR HERIRFE 1ok Boe it g‘w%eéﬁem%mmwszow 038173
C C Cormonﬁmaé; Hynwdyh@f usaamplle&m@ dﬂ&dn@eMosiﬁsumtsb(W)hwc@asﬁ PERE {APPL
necessarily be as ted in h’é schematic diagramof Fig. 1.

[ 0016] Oom*rﬁ‘iﬂ‘ie'&sét“?‘?ﬂ?‘ eERiEpRyd sk‘ﬁ ncl ude wi reI ess conmmuni cation devi ces

130 and I ch y,,comuni cat e dnk or nel 120 of
wirel ess cm\ﬁh%éf’f %A@ﬁmmci Sy%ﬁ“?hlaten Ed ° ‘SNEJE)‘B eoﬁwlfehg%%r esent
i nvent i on ipeseabinvdntion inelidé, mltidogisare estgimgted to, C‘dﬁﬁﬁ-lstdcwudmlaﬂe\ﬁdmes 130 and 110

i | ud | t ) ” h | 120
neY e o TsBUEE E0R TR sBhaafiO LT 5.1 B AT B ARG RRT S 120 TR
W rel ess PEIEEBSE 80%:1da- 198 &mplcm(mt\PANp’ lblr99a me*seb&NWIds andrRFE Net wor k (W
VAN) . [00114&&%9&9%6@9 gfeQ@%hﬁfcam? pw;%e mhgl%s p’;]zngﬁs;}. glinted in

tfil s respec conmuni on S 1 may be
part of a WTEEE 1Stk 802. Hbﬁﬁ%ﬂwﬁmiemﬁ tg\BOZ. é1n1999,n lﬁ%‘thMrMAGS@d ce 130 is a

renote uni Epe(uﬁ!:&lmﬁmﬂh e{ @ﬂe@@%’hys%ﬁ!' angrle’l-l'ﬁ tﬁfén%cﬁlsﬁle% Gz (R, It will be

recogni zed, sone dinents of the |nvent|on ei ther or

bot h commniEgﬁtSFdogpzdéﬁl%f@é SPBEG‘EE‘PHml@@lhﬂ?/”béV‘WEEﬁ LéNsMépl ®ALHY 5 personal

di gi tal as%ﬂe&ﬁ&ﬂ&ns( Pm):r ﬁfgﬂeraaa&%veemmengls&mﬁé b4 BHE badl€ TREE8.001aRd S, Dase
stations, d%/ devi ce onbi of 'devi ces suitable for
conmmuni cat ﬂ};&Eﬁ m2nllk-2003 Supplement to 802 ll 1999 Wn’eless 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,
C 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 example, 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



comuni cati on system 100. [0018] Communi cation device 110 may include a
transcei ver 102, which may include a transmtter and/or a receiver in any
suitabl e configuration. Transceiver 102 may include any suitable

transm ssion and/or reception circuitry known in the art for receiving data
transmtted, e.g., by device 130 and/or for transmtting data, e.g., to
devi ce 130wWwoa®msndsiscri bed bel ow. Transceiver 102 nmayrdraszempbsmsnt ed, for
exanple, in the formof a single wunit or in the formof separate
transmtter and receiver units using any suitable conbination of hardware
and/ or software as is known in the art, For exanple, in the context of the
enbodi nent described with reference to Fig. 1, transceiver unit 102 may
operat e to hatdientd ih HSHelessTdRicdsAIER DR hedeid RdddSiot AR 3Py HIUEIiGathon devi ces
130 and 110 may i nc) ude one or nore radi o frequency antennas, as is known
in the art. ‘qfﬂ}emé%ﬁﬂaéw&g\n ce 110 may include an antenna 104 associ at ed
Wi th trans 102, .and devi ncl ude a of , ant ennas,

f or exanpﬁ@lg]%%’ﬁﬂgaé’mﬁyﬁmmffﬁmaér‘fﬁluri(a%lrelﬁf f%‘tﬁ‘f{’) Jeglﬁffpléo&?d t he present
i nventi on i1%0, mhich miay mrrtnamhcata via laivdreles dipleartchanhsi ) 2Gofofirelest comnmeicdtioat may be
used for ant 1 Lenna / ofk4: RCT/ 82004 038173 C C
ant enna 113’,’ g)/oog‘ nhr?aSc 23& ﬁt}é\%" tpog ?gar émlﬁegtmt “?s%ealto I nt er nal
ant enna; dicpxmhm:caamt@mes, 130namid - ldDrrmtmah:dalmhssemmmseofrmmptpﬂt eand ant enna, an

end fed antenna antenna, a
di versity 5%’ erﬁ”a“aoan ?%b r{ﬂe‘: bg?%'g%f rel gér}g}@cfg\el’ggg%hﬁénayﬁ? ncl ude a
processor 1@ be nMLAN systgm.izeWineeso Eérsoneldiren Wetwark (WRAN), pr  WarelessHidn) .  Pr ocessor
106 may pr ets of signals received by transceiver 102 and/or
@a packe?(s';&o t@l g%ﬁgiﬁﬁntended for transmi ssion by transcei ver 102.

;

el ess d%ﬂlﬂmtﬁ&@h RRYschfChiUde fﬁsaaf RREHSP s ﬂo%amﬂ@aqsltﬁs Gédpetd, te @ menory
(not shown), a controller Caontrol | er l%/ be abI e to control

the flow oF’“’(‘P&’P’é}' COMMERGAon YU SHPWM 1y %i&dltﬁ‘a%etlee@f Vil § P de to either
a frequencyomiidatdnesyétéis) IMi%muafggssQTewcealBSp@-ﬁ rea{otermﬁtt(ml) and ﬂﬁeléﬁ)dem 132 a

datafrarretogetransmtt lescrlb in detajl bel 0021]
Accor di ng L8t BRATAR a5 p@H‘B rHeW'tl °6‘F°ﬁ"f?€ PONRYRR fhatn sop °‘;3L' MSay” be abl e
to of the invention either or both communication devices 130 and 110 may be mobile stations,

a personal digital assistant (PDA) and a server, respectively, access points, base stations, or
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
transmitter and/or a receiver in any suitablq configuration. Transceiver 102 may include any
suitable transmission and/or reception circuitry known in the art for receiving data
c transmitted, e.g., by device 130 and/or for transmitting data, e.g., to device 130, as
described below. Transceiver 102 may be implcmefxted, 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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nodul ate data to be transmtted and/or denodul ate recei ved data based on a
Mul tiple-Input-Miultiple-Qutput (MM) frequency nultiplexing nethod, i.e., a
MMO nultiplexing nethod using in parallel a plurality of channels
separated in frequency, as is known in the art. For exanple, nodem 138 may
i mpl enent w0 hdodMd28dal ti - channel (MC) nultipl exi ng medTads200a838i3 known in the
art. [0022] According to exenplary enbodi nents of the invention, nodem 132
may be able to nodulate data to be transmtted and/or to denodul ate

recei ved data based on a MMO spatial-nultiplexing nethod, i.e., a MM

mul ti pl exi ng nmethod sinultaneously using a plurality of spatial channels of
one frequeng¥nnad$s, hﬁi/déraﬁ}maum ﬁukﬁn@lﬁde butFaE?er noemﬂaaltemwmaiammé;%ﬁmﬁay i mpl ement
a Space-Ti ne Codln g%aal gorit ; Space B‘ﬁlon NUltIEWTFr (SDM
met hod, or aatﬁ'}"ao?%rd’“’scﬂ f%ﬂt"“ﬁﬁlat’?’W% § AEPORR AR SRd e antgpna, g CBEHEYn Tt he art .

[ 0023] Accorpdhf@dmelﬂagamr&&mpeﬁaﬁdlamisﬁy@fenmmc!mawmt|on wirel ess device
100 may also include a plurality of Radio Frequency (RF) paths 134

associ ated [W20}anlndednvib8810an@ inchedderprac@Ror 1P tvrhich T3y brmgsotigtedieiipt ed t 0
transmt and rec 6 known in
the art. [00BH Aok gpiRh ety Yok 3 ockd sy ks B fobfreedBa 1y, 1

controll er trhdsBeiven 02 apd/biedatai packets of maml;ﬁmnddiafmatmmmnthymlwém e.g.,

ded b b d
b odet or mi MU RE SHRE Rt il okl R0 ltbteb bl bRt MbN, | o e Dy
t he sel ect @od awdarelleralid. ConinoBerekls aupy\ieaablsnte contrakihecilen Oﬁdﬂthsw/.f!@n to 6 WO
2005/ 062514, Joleld- YRPRQA44 &%M?y AR 8y %béﬁ&-%m}:ﬁ@ing MRdsm k3P ey al so

troI an enna sel ector sel ect one or " nore of antennas 112, 114 and
175, , aceatighmplHgjeding laWemoer’rmdae frame o &n Egnseriighrs| descibepingdeigitt ed by t he
frequency eb] Pl exing 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 ml]m&ydlﬁgaodmm# aﬁuadmfamseﬂﬁxmﬁenﬁaﬂmauehs&sqmymdmmolSZ For
exanpl e, datg Ern%‘\é/alm% rmdul ted ac g ntg to.the STC net hod may be
denodul at edropyat af’%fv%r HetF  reprived| 48R abese SPdfng to the MC
met hod may mlpubemﬁmwtp&ebzhpm (lmdebnfrhﬂﬁncyemguplex&% deakel ibed MBMo@w. The

ge gD du Lg‘t Sd 1rpf eXing rr%tg?cgng{galp ga]:ra lura¥ty o? ql%x{e sI sle;?agate]d]ig frtegu r O C e.s sor 119,

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

C 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 transmxt 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



[0025]1t w Il be noted that wirel ess device 130 may be inpl enmented by
different architectures, as are known in the art. For exanple, one or nore
el enents of device 130, e.g., processor 119, controller 118, nodem 132,
nodem 138, paths 134 and/or antenna selector 136, may be inplenented using
any suitable conbination of hardware and/or software, and may include any
circuit, cwpeeisnegis unit or conbi nation of integratepcoosidnssigeparate units
or circuits, as are known in the art, to performdesired functionalities. It
is noted that the ternms "circuit” and "circuitry” as used herein, may

i nclude any suitable conbination of hardware conponents and/or software
conponents, e.g., as described below C [0026] Reference is made to Fig. 2,

whi ch_ schegirkdal ekt iB'dSMB&FnQISO alasda@d coftRf BtEiina WildeRk €565t0 sy bife®r 200 i N
accordance wth some exenp nbodi ments of the inyention,

[ 0027] AccoParerRf apgns dd2, ék‘éﬁ‘iﬂy]alﬁye BnPROIHRG R et MGie PGSR hEWE devi ce 200

may be ca n&nﬁa bpeseefréqué}aymdi/pxamng Rl d 4.1 43Gs qtaavah usihedarteDither a STC
nodem or a channe

descr.i bed beIo ing to
exenpl ary E"ﬁﬂdel PEYRS OO A &Wéiﬁ Gk "”88‘?7%5‘0? zﬁ%m%@”g _processor
205 associ &lf@dndyﬂ Behdaamemagd Y lether Hdlem A8 Cle Ssdele B lFoxdebtaﬁiple lagh ow. Devi ce
200 may. also a du a 2 1C 230
associ at ede‘f"ﬁ‘ %J#ﬂf%&afcgf “?ff)g’ gg@;%eﬁoﬂ 5’ g%@ l@%ﬂ%’ B’é’gg)"biwow Devi ce
200 may al sl dancpredeushy ﬁwdxﬁtedREconp@ o thd M@ mekthad smyobtdddﬁiadquaém b250, each
associated with den122 and, 23 R 40 at may transmt
and/ or rec :A'Aijfén& agto?sfrgcﬁ’]lba E%i nTh g)emofhﬁ;te({ d%a : .,“m ?}énnas 290,
292 and 294qntxvliealh&ioambaasmal%ekemdcsgmbedbdQWe 280 as |s known in the art.

at h 240 and fat h 250 may include any suitable RF path for transmitting
and/ or r ec#80A]Hgwill7banapted Bt GéRESAdET/ 1362004b0 dBplgeenizd oyt diffeisriough a

channel, a Fex TR | k de a
transm ssi %ﬁl!"t(%gl'x egﬁﬁ‘h%%“ﬂﬁge%“? l‘:(S}dex ecgﬁe?fl 'ﬁ(g% Pﬁ:ﬁé@s::dé%ﬂﬁilog 244, and
5s

path 250 By Piopstond e gonselleryy Speflsmel 33 5modeny 134, gurEepS 4 as are
known i n tEvfecfasftue [n%gzc%]1%&9151@&@&1@%?)%@ﬁEBieaJo}fhbﬁmmddf%Me%dfohe i nvention,

nodem 220 may i ncl ude arlly suitab dual - channel podem for npodul ating data
to be tr anfiverecand pay/ipplude any circuit, clrcultry, unit or combination of integrated and/or

separate units or circuits, as are known 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.

C [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, réspectively, 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 ﬁodem 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



denodul ati ng received data according to a MC nul tipl exi ng nethod. For
exanpl e, nodem 220 may include a channel selection nodule 222, e.g., as is
known in the art, to select a frequency channel for transmtting data
provi ded fromcontroller. 210. For exanple, the frequency channel nay be
sel ected based on a physical-carrier sensing nechanismor a virtual-carrier
sensi ng newbamwssasisas are defined by the 802. 11 st ansmvub200408388) Modul e 222
may transfer the data fromcontroller 210 to a first MC based channel
access control nodule 224 or to a. second MC-based channel access control
nodul e 226, e.g., based on the selected frequency channel. Each of nodul es
224 and 226 may be adapted to control transm ssion of the data via an
i ndi vi dual gt QEUERAGYCHERRN ks kidwH -in tHéSk Gor ARAPIS! plPIA) Mby ARL&NRAs 290, 292
and 294, as 1s _known itn the art. [0031 ] Mdule 222 may al'so be adapted to
control antenmissien (s SEoModHs AR and 8 Receiing Gxhgib-nqguls 784.00d PR 59 r equency
channel s i g} GERE LTk faY-rolfe D3 afidih Rt fibencdig 25 4shekno @S ini te arfkNOWN i N the art
For exanpl e, nodul e 222 nmay control selector 280 to assign one or nore of
antennas 29§29)A0cdrduiptto2émplay embaiihentsiug tlﬁah'?nti@, g?odenvizm nat thelddeO, gnd to
assign one or .npre,of .antenn 290, 292 .an 94 for transmtting data,
e.g., via pHtM™ lﬁ,d‘[%ﬁh\?ﬁ'}%b'a%*%@ 3324mﬂ€"&%fnﬁ% %fé‘s&:ib&t e qfég]? Frst
Si ngl e- | npdémoBulajigaedeiveddita {cGirdaY to adMiC mditiplgxinmulethal. P& &xamnyde, mofléens st S| SO
decodi ng le 229, and | I i cond SI SO
encodi ng gg’%‘f’aey 'ﬂé%defn‘g’a%n@}s)%%gﬁoggéggga%zé?%dia%%%‘gﬁfnéqe %E}pseﬁﬁf)ggl es 228 and
225 may i nEtqueey ahanneufor triviswittii S@acpnavisdd firgmmaoutzdlles 210e Fop. sxample.athe  known i n
the art, a J y N CT: i i 240 and 250,
rleSpecti veﬁgﬁl Eﬁgﬁh‘&ggr}g%&aéﬁgaig%%aéno? ﬁ? %ﬂg&gg@y&éﬁ% ﬁé%@aer{?%? %SOa decodi ng

Qul es, evigual-cartier sensing knseiapishures arn defiied by thef¥gd befanderddecode data recei ved via
paths 240 and 250, respectively. Path 240 and/or path 250 may be assi gned
i ndi vi dual (4931 Mogule B22pgy trangerghe dagg, frompgogirglier 21940 a Hiept MC-basrdph@inglos such t hat
a dat a- f r apReEBYnBEmbARSI dr tAl sebbtd QOBased) haffel adeets RontRftRo@ilél23850. At | east
sonme of antennas 290, 292 ciamd 294 rr% be contraol] ablé% assigned, e.g., by
modul e 22288+ 8aspthph theatslegipd fraquency oibaringly, fach #ﬁ&@ﬁ\“é apfy $26,@as beyn
2005/ 06251 4iaftedlo S0 #4remBidiof tKe dafiivi-CifiEiitividhal fteaiienByX HalMet .gf, @sihg ansmi t

and/ or receive data over %{r ncy, channels in parallel, e.g., in full
dupl ex. Nb&ﬁl°ém§’2&?%“??3% aé‘ggbj‘ﬁﬁvzkﬂ%ﬁl ge%lapt ed to check for
[0031]1Module 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 niore
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.

C [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 transmitied 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

8



an acknow edgnent (ACK) frame corresponding to the data-franme transmtted,
and transfer to nodule 222 a signal corresponding to whether an ACK frane
was received or not, as is known in the art. Mdul e 224 and nodul e 226 may
al so be adapted to send an ACK frane corresponding to each data-frane
received without errors, as is known in the art. [0033] According to
exenpl ary ¥aBWaPeEMt s of the invention, nodem 230 nmeBCT/yReddIs173any suit abl e
nodem for nodul ating data to be transmtted and/ or denodul ating received
data according to a STC nultipl exing nmethod. For exanple, nodem 230 may
include a STC- based channel access control nodul e 232 adapted to control

si mul taneous transm ssion via paths 240 and 250 of the data received from
control | er imglémentedfor examplp.go oarsmitfapdéepuecaiyy daimensn o, frequency chiepmplirini n the art.
[0034] 'Vbdghﬁué%% Wn 8. bﬁdﬂ@m%@msﬁule@k Ha%ﬁ%maﬁtélﬁo @ﬁéc@fo& 0 be

transmtte rovide two parallel sequences.to. si nmul t aneousl y

transnittedn eqkepvﬁ%égmsnté @K)afrpelezewesponri@s ﬁ?éhqqatﬂefrﬂp’e tppsEnitted, @szwﬁsy be
associ at ed M&dme@v%l&@a@e& oaain%mu:lemer?a%@m walylré\é@vaﬁ&% Esgisrmdul e 234.

Modul e 236 may I ncl ud sui tabl e M MO encodi n%é nodul e ., as is known

in the art kn‘&’d‘dbi"éé“t‘%°®??@8@é“¢‘ﬁ@ule\%6 sy slsode geppfed dossepd B‘VA@E@"‘“From nmodul e

232. Modul go23¢bniiBYtoiesth detd Sramyecsived vithduberMd)hd isleadin@e sdul e, e.g., as is
known in the art, adapted to decode data received simultaneously vi a pat hs
240 and 25(90033]%6&;&1@ ﬁ&iemﬁgtyahabﬁﬂn’mnts(}ﬂm&hhﬁnﬁn‘n, che dank 'ajqoineydnnlgdajecoded dat a
provi ded from a nodem 230 may be

i npl enent e a.ny[ %1%? alﬁ'g mtf%l(‘)h]o %’ag léta ?V\g& dtxaf'lsmlpe and}or demolélsllatm recelve

via one annel on both
pat h 240 ardatapab:ldm@&ﬁ)asSiTﬁhmmlapiemgshgthod{I-)ﬁ35E]mpMdeﬂen anmaynchlﬂesm be adapt ed

/0 check i f,-an f Or [ £5P0 g a mtted, is
r%f:el ved, gge’base??%cl)]\?\'%n%{rﬁabﬁeﬁ rﬁ‘t%p 'ngjg@l 2§2§§gzl},?ed % Icgrcl)éqbe ?oﬁ]? to send an
ACK frane trersmisiprovial paticy ZﬂejaxdaZtﬁhotia‘tdatarrctawsdﬁ:mccmuvlﬂey21(bcg4,monas i's known
in the ang [ ”l(l)bﬁgillanﬁﬁcﬁ?& Sh hegiempl ary enbodi ments of the invention,

control l er 210 a selection nodule 211 to sel ect between elther
frequency- '[‘M)b:i mhﬁéh%MU'b@Ed eoﬂﬂlﬁﬁ?&i:ng%‘dﬁtﬁt&@é’ﬁ&?xﬁniﬁé@'e%%m ed using

nodem 220, tial-miltiplexing nodul ation _nethod, whi may be may be
i mpl ement e@ml')'&‘e Eﬁ"ﬁ“ﬂ@@queﬂ%{’éé‘Ub"oﬁmt‘lFPée"H?béHé"ts@FW Hé’dl’ﬂﬂ‘@rziw é?q & as

described idipcdeli Mol 03 mfy Wi asddeafe WHEB AIMINAS EhddAE HUdR3 B34 3nd a
MIMO decoding module 234. Module 236 may include any suitable MIMO encoding

module, 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

C 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.



C [0037] According to exenplary enbodi nents of the invention, controller 210
may al so include a Tx frame queue nodul e 212 able to buffer data provi ded
from processor 205, as is known in the art. Controller 210 may al so incl ude
a Tx control nodule 213 associated with queue nodule 212 and sel ection
nodul e 211. Queue nodul e 212 may provide Mddule 213 wth a data-frane,

e.g., whenwazebeqrsidl is avail able for transm ssion. Muus2e4B8873may
selectively transfer the data-frame to either nodule 222 or nodule 232, in
accordance with the nodul ati on nethod sel ected by nodule 211. If, for
exanpl e, the frequency-nultiplexing nodulation nethod is selected by nodul e
211, nodule, 213 may transfer the data-frane to nodul e 222. Conversely, if
the spati aI[GOB‘i]IAbéopdlwﬁoragcnndduIembbditnentsnmt}m'mwrm'ors ebewiled29ymapadsd e 211,

nodul e 213, 2 or nodul e

232 may pr on\g%ee& %’?‘%Pﬁ%@gh %%Tcg&fge%gg ﬁﬁ corrggé)sgnﬁlgng to

whet her an ki@ if tham Gootratles 6 matiy algo inolude ﬂmstml zrtoélde bt assobiatedrpitina s

recei ved. 'gseu@n,o&%l&@ma nﬁfamegﬁcgueﬁ@qm 213 rp%wdm&ib:l 2Ry be able to
rou e

re-send th datafrarret rent c anne as is known in the art,
[ 0038] Accomith mgiatatfmmema; whep %mwl iseavailsble ffort traasraispiann Modwle 2tbmey ol | er 210

ey al SO LAGlMARe e dahink A0kt mOBH Y Porkidbe 034, i RkebinolgP Ul 2t ed dat

provi ded from no 6, nodul e 232 [ or_nodul e frame queue
modul e 215 theagmedylatigrowmethed t prisctedn bywmslp’é 213 nHy st aﬁﬁP’éPlf’o tbmfer t he

data provi @l ey HRPRAME %oaaaéuoar}ﬂkﬂtoe it §eﬁ:@t§d 8{ moHﬂ]@2ﬂUfnfoﬁiil§d13jﬁ‘iﬁﬁ to

processor as is _known in the art, 8 Accor di ng to sonme exenplary

enmbodi ment §‘“t§fer the datp-frame, to; ragdule; 222. rﬁﬂ?"%sé Yr & &5 spatig--petiplprieg medvlatieRi ce 200 wi t h
Qor Mat i Oeth6le bdidcisll BPmbdite 210 AHbdAle! 20N m: dﬂﬁdr thdada@-ﬁ:mﬁehe module 232 ‘

frequency-nul tiplexin dyl.ation rreth or the spat]| | t XI ng met hod,
used for Modus 2% ity g‘g’gﬁﬁ% (RAYe PPY A%, X, ganiely E’ﬂg"ﬁ S ‘g{;‘azﬂ 8 This may be
per f OL med, Bcfrﬁﬁpon&a{gaﬁmlﬁthrrbaﬁ ACRFahik chiesghndif fbea/trélﬁmﬁt@@ dat figme vdae}‘ 0 (r]I e

Swi t chi ng exi a trainin s uenc cl udi ng

i nf or mat i oFF“d%AFﬁe'g%‘ggh‘éfP ‘g’ﬁﬁ"’?@p&g‘tc@’&mlﬁ’ﬁ ‘?’B? aﬁ@ sﬁlﬁff&{;‘ [ 0040]
Accor di ng Hﬂa-ﬁidnﬂhro@mhmdfmmmmaf,ailhmownuﬂmamn it may not be required to

inform device 200 of the multiplexing nmethod used for nodul ati ng the dat a.
I n such ot [0838]Aenctviingi toerdnsplary] embasigne@ B Oof eeyinyeaticng apritrotiert 0 deatyerdo t he

mul tiplexi 5%5,;&%31 W ;‘iLBﬁ dxﬁ@fbiu't d*bﬁ foftla W pfi0Had frd mofitf@ P! €,
nodul es 228‘911) A eﬁgapa da% pg 6 Fnoffé
226, module 232 and/or module 224 to a R.x 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
C 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 used 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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only data-franes previously encoded according to the MC nul tipl exi ng net hod,
and 10 WD 2005/ 062514 PCTf US2004/ 038173 nodul e 234 nay be capable to decode
only data-frames previously encoded according to the STC nultipl exing
met hod, [0041] Al t hough the above di scussion refers to a dual - charnel
wi rel ess communi cation device, e.g., device 200, it will be appreciated by
t hose ski | Wedousfa62stse art that device 200 may be nodpéiesods@sdifgo! enent a
comuni cation device of n channels, for exanple, by replacing paths 240 and
250 with n RF paths, by nodifym'g nodem 230 to inplenent an n-charnel
STC-based mul ti pl exi ng nmet hod, and by repl aci ng nodem 220 with a suitable
n-channel nodem e.g., includingn M& channel access control nodules, n SISO
encoding a8 AfhetapabR® 8RN0 H0EkHeS Srevib M AdbAie Qcdidilg 1§ © SOME
enbodi nents of the invention, nodul € 211 may select either the
Br equency- theISTC prultiplexige medied at i on met hod or the spatial -mul tipl exi ng
nodul ation_nethod based.on _a channel quality val ue, For exanple, the
channel quéﬂoﬂ]ﬁ?@f’&ﬁhgﬁ "g?/‘é?l q}%i‘flﬁl?“tf%ikgré@ angalﬁgﬁng‘WsﬂéW 1 le 211 from
modul e 214 daid/ ©F., devideibe®, 2 131l basppiteiated b édsetskilledvin th @R 4l deer200 ng to sone
exenpl ary enbodi ts . af the invention the channel gualit be
eval uated M g%nglﬁ%dﬁmt'g'p{eﬁ’&mﬁu%‘&““'8§hbﬁgivécff°?£r@§m?ﬁ’a r g}a\éip{eFE%Sm tted by
devi ce 20@prcngpptia@40 andt 156 with R patifs; tyunddifgiag axoflenn3); totilplement en acknow edged
by, for example, oraR. A rne. as.d i bed a .~~hhe.channel quality
val ue may B'gP x%ﬁgé'sbésﬁ P‘r‘f‘tg’g?“r% mc? ,"_)d,’aas d;@; rg@%?%@?% o%zgeﬁg'rﬁ)fuéqa Tﬁ% Packet
Error Rat en{hmnf) modeng eigt, agldinghMhchaengl dpeess ¢optrol mndalep IneSIS® eodingrber of
dat a-frane%oglﬁgsaxmglgoggb@%mdme has not been received, over the nunber

e

data-franmes transmt na particular period. In sone enbodi nents, a

success/f a{d@ﬁﬁ&%mg{g 1§ §RRSHbbdiRshtR R 1lvbAioR Snd¥RY 2 PEmBPRRMY Hfrfle Cal cul at ed

§
over an interval I, for exanple, a nost recent group of data-fianmes that
wer e t r ans fFquensgrmultiplexiag mapiiasion msthod prihg spatigbmplfiplegammedniation mateds

transm tt eghsed dn aGBmnEIQHality hhRt FUR exaRIpROME SRMHePquality 44§ 66 &alubRil based at € or a PER
may be cal cul ated over a given T for exanpl e, nodule 211

. tine per Ie,q%?’ us (
may eval uaPtdaBnevidad ioyeadul dhY frqmympdidedy4 q%dq@%@d&%ﬁ?"g@@f’we. g., related
to previousl transmitted data-fr s. Oher. neasures .or perjods of
ol butat Dol asroRiie b s pismim ABORRIP T OUREoh WotrehTels; t pe
i nventi on, mhyhke ehlametin rejativhité yhe mayibdd @f 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

C 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 transmitied, 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,
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expressed in terns of Cyclic Redundancy Check (CRC) error percentage, which
may be, for exanple, the nunber of data-frames received, e.g., by nodule
214, with an incorrect CRC, over the number of data-fiame received in a
particul ar period, Thus, for exanple, I | WO 2005/062514 PCT/ US2004/ 038173
nodul e 211 may eval uate the channel quality based on the CRC error

per cent agewoeo@os2siar el ated to previously recei ved dabertiéaaimisiis

[ 0045] According to sonme exenpl ary enbodi nents of the invention, one or nore
flumes received by nodule 214 may include quality related information
e.g., as defined by the 802.11 k standard. For exanple, if open |oop
signaling is inplemented, e.g., as defined by the 802.111c standard, the
qual ity relpdsed 21ty wua&mlmnm qiAityt batdd Gh e EROMRr Plrechtagt, @GE1 Ved
data-franme. Additionall rnatlvely, for exanple, if closed |oop

si gnal i ng it tm&%@&%&% “m% mﬁ? defined by the 802.11k standard, the

quality rel ti.on nma ar a. recei ved nmanagenent frarre
10046 accdPifFfs=3#RE Frepe &e&%ﬁwa?fg?mﬁ".m P08 PSP, 6 of RO drsh,

pr edet er mi nesived byamnduiey? 13 aopyeindele npalitheelated Grorwation) . gdevidefmecBBﬁmee g , at a
pr edet er m u 1 may

eval uate t ﬁgﬁzﬁd’ﬁ% u';%g!lp le’%o eyooﬁg]?’\f{]m %{r;é%lﬂgm%%d ﬁu%ndggmés% recei ved by
devi ce 200.theF§)2. lélxaﬂmpia@, thvmilaﬂltse réldidd imfoymasion |nessitts maheofcmareamlble ofjaal i ty based

on a conparlsgly ‘gﬁa AR, Md?ﬁcﬂhl r%ﬁ&ﬁh%?eg% Z@Sex%&cpg iﬂ:cgec{ o gﬁ%ﬂhﬂe‘i 214 and

the predetermned trainin uence fbodi ment s of
t he i nvent iiwplementedid-g a3 daf m@ll]}' tbeﬂ@dﬂketmdh@rtht m@htyfrcletqdjmﬁumatmlmav pl exi ng

modul at i on gr{m Sval YraRR€ | NPl enented by nodem 220, or the
bg?p ex;rer(fgvrmn,clllﬂtlj1 a%n:g%n nmet hod, e.g., as may-be inplenented by nodem

atial -
Zgl based [6026FAREorGiRA B Bherdéi@inplaty aﬁadomemér BE e hntie A Pledotenhitgy data frame
may be selectivel m)du at ed n (#her the frequ %ch mul ti pl exi ng
modul at i on YR SHUGIE AL °r§?5‘é1"ﬁ|]’§¥ F? O -8t A Grefgsermingd itigys iMevabdd based on

t he predet gf KioRRGh the iaft EMbdule ZlThﬁay SahRChE elﬁhnﬁanyiudm wéd 6 e daidiBp Ny any

sui tabl e sel ection net hg gzg s des ri b@jeﬁ? OW. #0048 Reference is
made to Fi §eauegce ghicegved Hgﬁ‘ﬁ?e gl] e’f'i‘F“Ip s &8y | cyalpais e £hagpel et hod of
controll abIq)mhas}el{»aeeﬂtdnralg:oim-:eetrisxﬁnaclsic th&lﬁlﬁrlgéﬁeq&hoemlbrbmﬁé&ﬁ(dm@oﬂmdwmahﬂ on net hod
and the frﬂe uancy-my L | exi ng nmodul ation nethod in accordance with an
exen,pl ary 1€ prede 1ne alm g 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

C 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 channe] estimation

related to the pre-determined modulation method may be evaluated, and a channel quality

12



enbodi ment of the invention. [0049] As indicated at block 302, the nmethod may
i nclude selecting a, pre-determ ned nodul ation nethod, e.g., the
spatial -mul tipl exi ng nodul ati on net hod. [0050] As indicated at bl ock 304,

t he channel quality corresponding to a channel estimation related to the
pre-determ ned nodul ati on nmet hod may be eval uated, and a channel quality 12
WO 2005/ 06W9RA05Pe314US2004/ 038173 val ue correspondi nge¢museomhdgiveel estinmation
related to the predeterm ned nodul ation mnethod nay be provided, e.g., as
descri bed above. [0051] According to sone exenpl ary enbodi nents, the channe
quality may be evaluated at a predetermned tine interval. For exanple, the
channel quality nmay be evaluated during a channel scanning process, as is
known in t hﬂua’:lédrre@oﬁdﬂ%% Ashannél Géstivdtion reliteddtoothk piéterrhiie  MBdulation may i ncl ude

conpari ng th n | i t a predeterm ned reference quality
val ue, e.g! ,E’&‘f‘ﬁ?ﬁ’e H{%&%&gi’ syde5/°§L’ abov%\ nodul ati on nethod may be sel ect ed

based on s ARIRRI0RICLURAR WAEAHANGE AR e, 48] Uil e ref er ence

qual ity valie rm ned e.g.,
spat i al - muhttai ppddeterimingd ltnmd irtexval.dor cxemﬂadhe ochenpelispalite ey beeeyaludted dwinghannel

qual ity vgtmiﬁ?eil éﬁ‘%‘&'é’%gﬁﬁ a??l‘l'cﬂ!)wrflﬂthtelaﬁ reference qual ity value. [0053]As

i ndi cat ed requency-nul tipl exi ng nodul ati on method may be

sel ect ed i foo53)&s FARRGEA: bIHRBOE, YheHRHIE maf ﬁcﬁa&c&ﬁwhgtth@cﬂasﬁeﬁfam@e qual ity
val ue. The channel uality val ue corresponding to-the predeterm ned

nodul at i on V¥t Rod Prré erﬁ’@eﬂéefé’i‘? e el valyer §-&df daipimpm guality valieedy ding to the
predeterm ﬂ@aiuatubmemm 1RéyVER sele@é&jbaﬁdarm&Ee&dmﬁ@xs&rhﬁtwdé@ﬁﬁrcﬁﬂﬁﬁ qaal i ty val ue,

as i ndi cat ed at k 304. [0054] Th ccordl n to S ex lary.

e@:bodl ment Yalyerfad srance ayy {-V 6‘15 ed’cr?dﬁtr‘? F@t’ﬂ%ﬂla ﬁ’g‘Psel ect ed,

e.g., by rregluthe sﬁailal rﬁﬁtﬁ;gexlnﬁ)modufatldnheetndaammpbe spteated ﬁiythvahdﬂﬁel qadlity esponding to

t he spatial -myl t1 pl exi Qg % at i og thod is at | east equal to the

ref erence Eﬁll‘é‘fl‘ﬁ 5798k0 thep S8 Bitf H’g'glu‘?‘rul ti pl exi ng nodul ati on nethod nay be

sel ect ed, nel allt is less than
85t S o 305 en bl SRR e B Wroe o

t he referehce’quality . k) hose skill ed
in the art seeated ifttleccharanel mlitsygmemlamd)amthe reference quallty value. The channel

quality value corresponding to the predetermined modulation method may be re-evaluated

periodically, e.g., according to the péedetexmined 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,
c .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
method, 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—multiple)dng“

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
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met hod, according to enbodi nents of the invention, may be inplenented to
achieve a relatively stable and rel atively high throughput in an open
environnment, i.e., an environnent characterized by relatively | ow
multi-path effects, as well as in a closed environnent, i.e., an

envi ronment characterized by relatively high nulti-path effects. This may
be achi eveWO2005/0626danpl e, by sel ectively sw tchi ng be¢mesnstobsi7s
spatial-nmultiplexing nodemand the frequency-mnultiplexing nodem as

descri bed above. (0056] Enbodi nents of the present invention may be

i npl enented by software, by hardware, or by any conbi nation of software
and/ or hardware as nay be suitable for 13 WO 2005/ 062514 PCT/ US2004/ 038173
speci fi c appekific applicatidnor in ﬁccaﬂm dﬂhlspecnﬁd desigs rqu'reﬁﬂeﬁtsdﬁmb@ﬁmmﬂcwi renments.
Enbodi ment g,_of resent ude,units uni ts, which
may be sepz?ea?feéeng?we {ChTBY 'rl?gllu San :}’bb"riﬂedlwg lcl}g{aﬁg? sep?rﬁte ?f'h é{%i’ in part,
and nmay be ot nqnhbmvértbgmheusmn@mpexcmfpw, andnmhy be pmiplemegedonsimgespecifid, pr ocessors,
or devices ag faﬁo%ﬁ‘@?"ggnéf{] érgceess%f:s, or B0IRs SMROYLIRALR @ ddle sphgsent

i nvention nay clude u , sters, storage units and/ or “nenory
units, for embwipuantsrof ﬂmrprwangn\teMmm @mhlgebldfemdagmteansmrege units endéber t o

facilita-te J { fidreeeSFRQLL dgecCertain
features oﬁ’%ﬁgl@%gﬁ%@&%&/@o%e ; fgﬁstr%e atln o@%&é}%&:ﬁﬂé ﬁerei n, many
modi fi cat i @matlosmmiiftq@ﬁ@meléhanges and equi val ents may occur to those of

ordinary skill in the art. It is, therefore, to be understood that the
appended c 1005 FWVhile gerteim feqturesiofithe invegtiosyhaug been fluptratadrnd idessiibed iereisnd changes as

fall wthi mahh@odifiddons Rubskitutibds, &hht%ed ARG Vedits nﬁybécur Wihe00bdilRdp 14 CLAI MS

R’Cl’/ QS2004/ Q 8 aimed is arat us .conprising a
control | er SE té‘? %‘&tﬁt\lﬁeﬁ‘fr EQP%\H ge‘%%?ggh# Thﬁﬁﬁpeaqedéla"%{) H‘Fen%é
t ransm t t edovesalleudhhiidifRation® sHdQRGesiibiall Withie Xie hile SPRGtRTHO invantion.
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spatial -mul tipl exi ng nodem based on a predetermned criterion. 2. The
apparatus of claiml1l, wherein said predetermned criterion conprises a
conpari son between a channel quality value and a predeterm ned reference
quality value. 3. The apparatus of claim2, wherein said reference quality
val ue conprises a mninmumquality value. 4. The apparatus of claim 2,
wher ei n saw@20isaes® qual ity value is related to oneporus2®fgsigit a franmes
previously received or transmtted by the apparatus. 5. The apparatus of
claim 2, wherein said channel quality value corresponds to a channel
estimation related to said spatial nultiplexing nodem .6. The apparatus of
claim1, wherein said frequency-nultiplexing nodem conprises a

mul ti-channel modem C 7. The apparat of claim®6, wherein said

mul ti-channel nodem conprises: a ﬁﬁﬁwgpity of channel access control
nodul es able to be assigned to a plurality of individual frequency
channel s, 1fesspP¥iat Melaimeddsnd a plurality of single-input-single-output
encodi ng nodul es able to nodulate data provided by said plurality of
channel access oAb apparatus camipsising & eospalict to eléctivelBproviden dappefeamgtofis of cl aim 7,

wherein said e gL cla.omd CORD | : urality of

si ngl e-i nput g}grl%'}ﬂetggﬁt?%u ce%g@e{]%éﬁgﬁlh g’s se’lé%%?%qeglcfg\%\ﬁ th said plurality
of access cont rspitiahrmultiplesing medspcdesedl oot predeterrinedysiriterion  denodul at e data
received froma plurality of radio frequency paths, .respectively. 9. The
appar atus of clZi Fheappgay eficlsing bivderginsqid Pré‘i%ﬁﬂ'ﬁ’éFd SR FIRASs8r conprises a
channel sel ect | @fhpifRENbBwdeRa SRhREHIaNS hiuCRD b bRicdrRRed i@t Raliy of said
plurality of channel access control nodules to said plurality of individual
fCequency chann®@lU& 15 WD 2005/ 062514 PCT/ US2004/ 038173 10. The appar at us
of claim1l1, wh 1.n said spat.ial-pul.tiplexin em conpri ses a space-tine
codi ng modem %?’l'hfﬁgpﬂé%ﬁgf‘gflﬁl ’8?‘;#%'? ?F‘Jrﬁff('ﬁ?‘g\ﬂﬂﬂggye‘fa ¢ AP face-ti me codi ng
nodem conpr i seSnininfimgukkity pale: | nput - nul ti pl e- out put channel access control
nmodul e able to -

[

4. The apparatus of claim 2, wherein said channel quality value is related to one or

more data frames previously received or transmitted by the apparatus.

5. The apparatus of claim 2, wherein said channel quality value corresponds to a

channel estimation related to said spatial multiplexing modem.

6. The apparatus of claim 1, wherein said frequency-multiplexing modem

comprises a multi~-channel modem.
7. The apparatus of claim 6, wherein said multi-channel modem comprises:

a plurality of channel access control modules able to be assigned to a

C : 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.

8. The apparatus of claim 7, wherein said multi-channel modem further comprises
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.

9. The apparatus of claim 8, wherein said multi-channel modem further comprises
a channel selection module to selectively control the assignment of said plurality of

channel access control modules to said plurality of individual frequency channels.
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mul tiplex the data-flane 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 transnmt the encoded sequences
via a plurality of radio frequency paths. 12. The apparatus of claim 11,
wherein said space-tinme coding nodem further conprises a

mul ti-i npuwe pwbnd2si@ut put decodi ng nodul e to decode aqiluse@bnisyrsof recei ved
paral | el data sequences fromsaid plurality of paths. 13. A wirel ess device
conprising: V two or nore onm -directional antennas able to send and receive
signals; and a controller to selectively provide a data-frame of a signal
to be transmtted via one or nore of said antennas to either a

frequency- mul tipl A% iafr-HR GFNRIA"N, Wherdhdald spdtinl Bl rhdaem EBfRRQased on a
predetermned criterion, 14. The wrel ess device of claim13, wherein said
predet er ni ned @PIcE-HEEHINBINFTR ses a conpari son between a channel quality

o Clalm 14, Wi HE ARG of R bR IR R P TSR R SRR

qual ity value. 16. The.w tel.ess. ' of ¢l ai ' aLn saird
frequency-nultipIex?%@nﬁ%ﬂgﬁ?aggﬂ%éhgggm%wﬁ% sg%%%gﬁﬁgﬁga%%%nl 17. The
Wi rel ess devi cenultfplexitiz date-fidme oiseid @ignal tretie drawsmiitted inthaplvrelity pbmieallelconpri ses:  a
plurality of ch g&és,grfdcess control nodul es able to be assigned to a

a

plurality of indlvidaal frequency channels,  respectively: and 16 WO

2005/ 062514 PCT/ .Usméfiﬂéﬁiﬁsnmﬂwmdﬁ{ dredtifgimodhie 1€ oleRE safd NQI €- out put
encodi ng nodul es able to nodul ate ata provi ded b¥ said plurality of

channel access Pa@hgl pegnenses auy agsmit the proeded yegrgpees vig 2 itypfrediess device of

;@ai m 13, wher gefuefidigdihgpat i al - nul ti pl exi ng nmodem conprises a space-tine
codi ng nodem ,
12. The apparatus of claim 11, 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.
13. A wireless device comprising:
two or more omni-directional antennas able to send and receive signals; and

a controller to selectively provide a data-frame of a signal to be transmitted
via one or more of said antennas to either a frequency-multiplexing modem or a

spatial-multiplexing modem based on a predetermined criterion.

14. The wireless device of claim 13, wherein said predetermined criterion
comprises a comparison between a channel quality value and a predetermined
C reference quality value.

15. The wireless device of claim 14, wherein said reference quality value comprises

a minimum quality value.

16. The wireless device of claim 13, wherein said frequency-multiplexing modem

~ comprises a multi-channel modem.
17. The wireless device of claim 16, 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
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19. The wireless device of claim 18, wherein said space-tinme codi ng nodem
conprises: a nmultiple-input-nultiple-output channel access control nodul e
able to multiplex the data-frame 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 seW@ef58625W a a plurality of radio frequencycpesdeyo3st;20. A net hod
conprising: selectively nodulating a data frane of a signal using either a
frequency-nul tipl exi ng nodul ati on nethod or a spatial-nultiplexing

nodul ati on nethod based on a predeterm ned criterion. 21. The method of

cl ai m 20, wherein selectively nodul ati ng conpri ses evaluating a channel
qual ity val ue correg pmﬁﬂymgslﬁglz-ﬁpm-bnaglaeﬁtpxﬁsﬁcbmﬁg in6dules eblatoabdilatea

Pethod  and sai BERTBiGERCTa RO SRt bR s il v The et hod of
claim 21 wher ellrg ﬁa'vgrefécﬁéﬂ{: egfmaﬂ_gﬁhggeq&%%d%lmgpﬁ%n rﬁg@grl ses said

spatial -mul ti pl'exing no 1 on e Tnalm21 wherein
sel ectivel y nodematisengsphesrtinespdingynplemses  conparing sai d channel quality
value with a predeternined reference quality value. 24. The nethod of claim
23, wherein saild Themdrelspideviep pf Flaim 18y whergin p-timg codingfedeRum qual ity val ue.
25. The nethod @fpkdedi M 23, wherein selectively nodulating further conprises
using said predet er m ned nodul ation nethod if said channel quality value is
at least equal to saudppinpieheit-nesht CRhRI RBEEcontdinddye Wt te. 17 WO

2005/ 062514 PCT/ 004 73 26.. Th t hod ,of. .cl aim si ng
eating said® ﬁ‘ q‘?fg‘faﬁaf?ﬁaﬁﬁaﬁltsfgﬁ to be\ranspitied inio ﬁB]H'ag‘P' °£Pag$lr’# 26 conpri sing
6I odi cal |y r epgefidesignesai d sel ecti veI y nodul ati ng.
& multiple-input-multiple-output encoding module able to encode said
parallel sequences and transmit the encoded sequences via a plurality of radio

frequency paths.
20. A method comprising:

. selectively modulating a data frame of a signal using either a
frequency-multiplexing modulation method or a spatial-multiplexing modulation

method based on a predetermined criterion.

21. The method of claim 20, wherein selectively modulating coﬁprises evaluating a

channel] quality value corresponding to a channel estimation related to a

predetermined modulation method of said spaﬁal—multiplexing modulation method
C and said frequency-multiplexing modulation method.

" 22. The method of claim 21 wherein said predetermined modulation method

comprises said spatial-multiplexing modulation method.

23. The method of claim 21, wherein selectively modulating further comprises

comparing said channe] quality value with a predetermined reference quality value.

24. The method of claim 23, wherein said reference quality value comprises a

minimum quality value.

25. The method of claim 23, wherein selectively modulating further comprises
using said predetermined modulation method if said channel quality value is at least

equal to said predetermined reference quality value.
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28. A program storage device having instructions readable by a machi ne that
when executed by the machine result in: C selectively nodulating a data
frame of a signal using either a frequency-mnultiplexing nodul ati on et hod
or a spatial-nultiplexing nodulation nmethod based on a predeterm ned
criterion. 29. The program storage device of claim28, wherein the

i nstructi owe20088&2s14i ng in selectively nodul ati ng r eBci/gs2003/0881al uati ng a
channel quality value corresponding to a channel estimation related to a
predet ermi ned nodul ati on nethod of said spatial- multiplexing nodul ation

met hod and said frequency-mnul tiplexing nodul ation nethod. 30. The program
storage device of claim29, wherein said predeterm ned nodulation nethod
conpri ses sai d 26k imgthedwofl clainn 2 Soompesimgrepebinigisaid saleetivelydnodBlaBidg. The program
storage device of claim?29, whérein the instructions resulting in

sel ecti vel y no@# Bemethod efrclaim 26 comprising neriodiagipispeating ssidiseledsivelnnel qual ity
value with a mogglgﬁl%:]m ned reference quality value. 32, The program storage
devi ce of claim3l, erein the instructions resulting in selectively

modul ating fur thBes pbgiat kiorabd eVied Miding Hseluchbrd aldle by A fhckROMAtRhePn Mt hod i f
sai d channel quallg value_ is at |east equal to said predeterm ned reference
qual ity val ue. CB@Pte‘all'WéhW%f@PaFPF‘ﬁ‘t’@r age device of claim32, wherein said
instructions result jn, re ting ,sapd selectively.modul ating. 34, A system
conprising: a fi rstsekﬁtﬁﬁeﬂﬁi‘fﬁ’g’gﬂ%gdﬁ%b\“@e‘ﬁéé‘ﬁ?ﬁ}‘%’f%&ggtam or nore antennas to
transmt and recei ViegingPmblfipledntinaiulutcd retiod f a épatiat-aluRtiplekiigl y provi de a
data-franme of a sign .0 b ransmtt via one or nore of said antennas
to either a 18 WO %@g%&mdﬁeﬁmgﬁg@ﬁgp?%quency- mul ti pl exi ng nodem
Cca spati al - mibtfh%l%éﬂmﬂgtoﬁﬁéj@e%g’ 9fsc?a§jm Qﬂ wherein the instructions resulting in

selectively modulating result in evaluating a channel quality value corresponding to

a channel estimation related to a predeiermined modulation method of said spatial-
multiplexing modulation method and said frequency-multiplexing modulation

method.

30. The program storage device of claim 29, wherein said predetermined

modulation method comprises said spatial-multiplexing modulation method.

31. The program storage device of claim 29, wherein the instructions resulting in
" selectively modulating further result in comparing said channel quality value with a

predetermined reference quality value.

32, The program storage device of claim 31, wherein the instructions resulting in
C selectively modulating further result in using said predetermined modulation
method if said channel quality value is at least equal to said predetermined reference

quality value:

33. The program storage device of claim 32, wherein said instructions result in

repeating said selectively modulating.
34. A system comprising:
a first communication device comprising:
two or more antennas to transmit and receive signals; and

a controller to selectively provide a data-frame of a signal to be

transmitted via one or more of said antennas to either a
18



predeterm ned criterion,; and a second comuni cati on device able to receive
one or nore signals transmtted by said first device. 35. The system of
claim 34, wherein said predetermned criterion conprises a conparison
bet ween a channel quality value and a predeterm ned reference quality
val ue. 36. The system of claim 35, wherein said reference quality val ue
conpri ses wo2pisné2yum qual ity val ue. 37. The system ofcnusziodstss wherein said
frequency-nul ti pl exi ng nodem conprises a multi-channel nodem 38. The
system of claim 37, wherein said multi-channel nodem conprises: a plurality
of channel access control nodules able to be assigned to a plurality of
i ndi vidual frequency channels, respectively; and a plurality of
si ngl e-i nput -si ngl e LA i ta provided
by said plurality Oyﬁgh@ﬁﬁgﬁ%ﬁ@g@gdégﬁﬁ? ool dﬁéﬁ’%@?%ﬁ%?&?ﬁﬁfy. 39. The
system of cl ai m 34, Pifptarmingd csidarign.s49dt i al - nul ti pl exi ng nodem conpri ses a
space-tinme codi ng nodem,Z C 40. The system of .claim 39, wherein said
space-ti me codi ng nd¥ERdCompRicatien devige ship 1 FoRTIEE 9O PR FROTRSERAlS)| e-out put channel
access control wmReutta blsdifilstdedigd.t i pl ex the data-frame of said signal to be
transmtted into a plurality of parallel sequences; and a
mul ti pl e-i nput -3SuUlHeisytetn aficlajnni34, ehaea saidprededmiiredatiledot @mprisssde said  paral | el
fs ?ggﬁgﬁg; 22? h;c_c)%ﬁ%{srz)l} beEwQ:gn £ &%n%?&aﬁt?gggenagg 2 pr\éée?errg‘ingcl r%?e?‘elnlcé[ c}{lal?c; radio

: value.

~ 36. The system of claim 35, wherein said reference quality value comprises a

: minimum quality value.

37. The system of claim 34, wherein said frequency-multiplexing modem

comprises a multi-channel modem.
38. The system of claim 37, 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.

39. The system of claim 34, wherein said spatial-multiplexing modem comprises a

space-time coding modem.
C 40. The system of claim 39, 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 transmitied into a plurality of parallel
sequences; and

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

frequency paths.
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