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1 5 SYSTEM AND METHOD FOR MULTI PLE- | NPUT

MULTI PLE- QUTPUT (M MO) RADI O COMMUNI CATI ON Thi s
application clains priority to U. S. Provisional
Application No. 60/319,437, filed July 30, 2002, to
U.S. Provisional Application No. 10 60/461,672, filed
April 10, 2003, and to U S. Provisional Application
No. 60/ 479 945 filed June 1?) 2003 The entirety of
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mgna[l\g:streams simultaneously by a plurality of antennas uses a power constraint

on the total power transmitted by the plurality of antennas combined and a
waterfilling solution. The waterfilling solution requires multiple full-power power
amplifiers at the transmitting device since, for some channels, it is possible that all
or nearly all the transmit power may be transmitted from one power amplifier.

There is room for improving the design of devices capable of MIMO radio

. communication, particularly where it is desirable to fabricate the radio transceiver

of the device in an integrated circuit.

SUMMARY OF THE INVENTION

Briefly, a system, method and device are provided for simultaneous radio

communication of multiple signals (signal streams) between a first device having N

plurality of antennas and a second device having M plurality of antennas. Unlike
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35 Briefly, a system nethod and device are provided
for sinmultaneous radio communication of nmultiple
signals (signal streans) between a first device having
N plurality of antennas and a second devi ce havi ng M
plurality of antennas. Unlike 2 5 prior approaches,
t he approach taken herein is to i npose a power
constraint on each transnit &ntenna path at the
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The above and other objects and advantages will become more readily
apparent when reference is made to the following description taken in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a system diagram showing two multiple-antenna radio

communication devices, where multiple signal streams are simultaneously
transmitted from a first device to a second device.
FIG. 2 is a flow chart depicting the mapping and multiplexing of signals to

multiple antenna paths for simultaneous transmission.
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wi th the acconpanyi ng draw ngs. 30 BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is a system di agram show ng
two nultiple-antenna radi o conmuni cation devi ces,
where multiple signal streanms are sinultaneously
transmtted froma first device to a second device. 35
FIG 2 is a flow chart depicting the mappi hg and

mul ti pl exi ng of signals to Rultiple antenna paths for
si nul t BN@GUs a bloelndingramioda raddo cdmlrizatiSn d&vic capdbidof
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rel at i ¥ 0df ¢ & il glob et lﬂésmkﬂsmrﬁlame@effewqa@b

dessio et hubs ddfEbAl LEBRDESCRI PTI ON OF THE DRAW NGS
Referring to Gs. 1 and 2, a system 10 is shown in

which a first radio 15 comuni cati on device 100 havi ng

N ant ennasvt&%ﬁtntmééﬁfﬁrdi@gnﬁﬁ%% PRSI Gs?
wireless radiro TTnk W t1 catron device
200 haRefpgingitalliGsnhand 2, 2 svaten) 19 is shovar iwhiche fitstradio

eé&hﬁﬁﬂ&dﬂ%ﬂ dbAa 100@al:8 an%]nﬁasdl 1 b@?nt?uﬁ truloo it Lgﬁ)crétes by

device transmts to t e secon evi ce;
bawirelees radipdink with pse@nd pprhingsication device 200dhaiing M anténmasn

i fi Th
ol P 2N ETHP e hain B Sk heglfsbleibieihevic
r @apmtts & the esvohdhenidiaridatiom d&‘l@f butttiee shine S:halysm applies to g,
td on. d to th M t
BB B S biEoobgnliuth ARG IR Ry THERRERE
r mmapmwummmqu&insmxﬁme N antérli@s 0PHhe Gist €
YRS Rn friete P arteding kfhg sepnd Eostntcatonevics i

described by the channel response matrix H. The channel matnx in the opposite

direction is H”.

Device 100 will simultaneously transmit L plurality of signals s, s, ..., s,
by antennas 110(1) fo 110(N). A vector s is defined that represents the L plurality
of signals [s; ... s.] (at baseband) to be transmitted such that s =[s; ... s;]”. The
number (L) of signals that can be simultaneously transmitted depends on the

- channel H between device 100 and device 200, and in particular I < Rank of H'H
<min(N,M). For example, if N =4, and M =2, then L. <Rank of H'H <2.

The device 100 has knowledge of the channel state (e.g., using tralmng
sequences, feedback, etc.), i.e., device 100 knows H. Techniques to obtain and
update knowledge of the channel H at the transmitting device (between the
transmitting device and a receiving device) are known in the art and therefore are
not described herein. For example, training and feedback techniques are described
in U.S. Patent No. 6,144,711 to Raleigh et al.
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25 by antennas 110(1) to 110(N). A vectors is defined

that represents the L plurality of signals [si .

sL] (at baseband) to be transmitted such that s = [Si
sL] T The nunber (L) of signals that can be ‘

simul taneously transnitted depends on the channel H -

bet ween devi ce 100 and deV|ce 200, and in particular L

< Rank of HHH < mn(N, M. 4For exanple, if N = 4,
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exanple, the first
corresponding antenna of the first communication device. For example, component

X1 is the sum of all of the weighted elements of the vector s for antenna 1,
component x;is the sum of all of the weighted elements of the vector s for antenna
2, efe.

The transmit mafrix A is a complex matrix comprised of transmit weights

Wi, fori=1to L and j =1 to N. Each antenna weight may depend on frequency
to account for a frequency-dependent channel H. For example, for a multi-carrier
modulation system, such as an orthogonal frequency division multiplexed (OFDM)
system, there is a matrix A. for each sub-carrier frequency k. In other words, each

transmit weight wrj is a function of sub-carrier frequency k. For a time-domain
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device 100 is an | EEE 802. 11 access point (AP) and the
second device is a client station (STA). The product
of the transmt matrix A and the vector s is a vector
X. This matrix multiplication step effectively

wei ghts each el enment of the vector s across each of
the N antennas, thereby distributing the plurality of
signals among 25 the pluralitdy of antennas for
Si(siuglé-aarge motinlatiandysismoeach Campiinesigia wel niayrbe agdppxdN

of, the vector x resulting fromthe matrix

mﬁlie ?’EP?@%‘?T on bl ock are then coupled to a

cor r espriscipp@adiet Bivoie edlectifg theiwesght-CNehaki@eid @pacity
devi ce. For exanple, conponent x1 is the sum of all
of the weighted gl ements of the vector, sHRr| &ntenna
1, conponent G(%Zéog(ﬂle&\(ﬂp)pf SAIR, @Iﬁp{

el ements of thepector s for antenna  30EZn,
transmt matrix Ais a conplex matrix conpri
tE %@lﬂ&dﬁﬂota MR BAVE coMdiraink em#ti@dl by the phurdlfly bf RRMdmit andkndR N.
ac

ant enna wei ght may depend on frequency to

" afeBbined adhe gauspRquEAY Y Hependent channel H. For

exanpl e, far A A I2e! TrrPPREVE] QN2 syst em  such
as an ort ho&gﬁal frFe I:L;J)aEnIEp)I/ dir\gip?i on jrru?%fr’lk pl exed ( OFDM
35 system ther & FEVBDRROT B (dsopming Blsplstb) carri er

I TRAHRAGH Solutldh 10 Hiero ¥R ﬁ%}a'kt '
wi,vis a l?%u% Coi?ll on of s ?itgrurggg%e%érl eque E!élyc \I?Eé ‘Ig:%)iéht%d"
t (ires vskowatentilling i pltsherg bewerdn pigencharmetiuhitdt higher SRt i)
each tgansm t...wei ght wr, ij. V. pe a ta d- delay.Line
it er TRt et redsct B PR AR P oteE “REBAR <
dpt thetramsmittihg doviephiee, ifyr sofvesRindgls Grislplosdile (ol tNpHnal
SNRP=1 dp| 2, | 2 0 Pzl. E(LNPI ubject to a
© Btden gt ffafnea el Ofreranl el trbaeh S e penns
t pans mp$amt@$e ?ﬁzr l_zép@ft%:ﬁkg Id%ﬁ&aﬁ%mzmvtbfaaﬁ@l;bmrteﬁwa&r%ﬁn Al
i.e,, = Tr \ " = Tr (VDDHVH), ' El s =
T?ff%_eﬂlm PEpHEGMYBs SFAPRG BsPaop = Hryx (e iTBtooN) eRtpRAR)
S@hete PO id Diotall bSwR OIAM iRl ; & tHS FoWR R ridshtGmnieRna
sel ect the weights dp

path i.

A better approach is to use a power constraint for each individual transmit
antenna path. One such constraint is that the power transmitted from each antenna
is less than the total power transmitted from all N antennas combined (P, )
divided by N, e.g., P; <Pue/N for alli, Using this approach, referred to as the
“antenna power constraint™ approach, each power amplifier can be designed to
output (no more than} Pp./N average power, where Piy.y is the maximum power of
the transmission from all of the N antennas combined. A significant benefit of this
approach is that the power amplifiers can be designed to have lower maximum
output power capability, thus requiring less silicon area. The use of smaller and
lower-output power amplifiers has the benefit of lower on-chip power amplifier
interference and lower DC current drain.

Using a Pmax/N power constraint for each antenna, the problem becomes:

Maximize capacity C subject to
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(i.e., use waterfilling to put nore power in
ei genchannels with higher SNR)1,). The waterfilling
approach requires N full -power capabl e power

amplifiers at the transmtting device since, for sone

channels, it is possible for the optimal solution to
require all or nearly all the transmt power to be
sent fromone antenna 20 pafh. To reiterate, the

pri or @nﬁbpapggﬁqeengtmain the total pomer emtt ed

from.al f t he ,ant en t hs con‘ol =
DB i o R otof's 1Ry Sy bR RO e BE BY ATy 6 2
tab:aimdaﬁm&u&mﬁigrm, a@@%uﬁiphleﬁs (bAfoP&HOR bf fhe @hdve N

transm t_ ant enna . A better_a pro ch |s o use

a CStRIRts) ARY VAT ﬁhﬁf?’éﬁsga)&%ﬂqnmﬂm it 1°P twog
apisenna path. One such constraint is that the pomer
transmtted fromeach antenna is |less than the total
power transmtted fromall N antennas conbi ned
(Base’l"ﬁ<1\ﬁ!‘i vided by N, e.g., Pi SPmax1N for all i.

0 'S approach, referred to as the "antenna

p owe r loghis cassi the transpyiitiog devicedbayingdd whwralisyef antanass) can

oINS O Rl 00, SR 1) R s
t thetrendmitingtixfA (e, sdbpwes AdcviNreihe et waisiAnis gomputed

ShARnf def 48‘%”?({1-{5%%9& x@:le?el i§ r?&ﬁﬁ &én{db%‘foilﬁgx?ual

pwmram)llas ower
opdvpartin goivercde.apabirdsiil, " H ismlfennﬂqu iand ¢wjthl pretmbility 1)de full-
| ower

use ,.of 0 _
R ol e RS 0 P Bl prR pons GG ARK PRAFH v =
a(‘wlf)ﬂrﬂg,yN = Mfﬁﬁﬂm&m@ﬂﬂt éqon:lqrowla@,ga;JNrmﬂinsdﬂtwd rat eadh
n Pmax/ N wer constr for e e
FBTe fy BLRB LR 5B 5vies 1B0 A Pl Genghilc
(ﬁ&&&mSeqﬁﬂﬁﬁaégN i —1,.. N Thls is a dlfficult
problemto solve for dp, since it involves finding the

roots of a non-linear function using N Lagrange
nohdeiopNiexss (one for each of the above N
constraints). wever, there is a sinple non-optimal

sol ut i1BtHF Etse.dd I isgpot fitllranke 46k, Ypdenote the L eigenvectors for
H"H having nonzero eigenvalues. Let V =[v; ... v.], and let D = sqrt(d " Pma/N) I,

- where the power for each mode is the same and d, =d forp=1to L. The power in
antenna path i is given by (d* Proax/N) * (VV)y;. Thus, the power emitted from each

.of the 1 antenna paths may be different. The transmitting device (having the N
antennas) multiplies the vector s representing the L signals [s; ... s;]" to be
transmitted with the transmit matrix A (i.e., computes As), where the trapsmit
matrix A is computed with D set equal to sqrt(d " Pma/N) *1, where the power for
each mode is the same and dy =d forp=1+to L.

Approach 1: Set d = 1/z, where z = miax{(VVH )a } Then the maximum

power from any antenna path is Py,/N. The total power from all antenna paths can

be shown to be at least Prax/M and no greater than Pray.
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‘Case 1: N<M In this case, the transmtting device

(having N plurality of antennas) nultiplies the
vector s representing the L signals [a, ... sL]T to be
transmtted with the transmt matrix A (i.e.,
conmputes As), where the transmt matrix A is conputed
15 with D set equal to |l ' sgrt(P,,,ax/N (where | is
the identity matrix) enforcihg equal power in each
node. Agpreéach@s 8éttd = Hillrhisscakde thritéthlgpowan emittell birthe N

probabiljty 1) .is full- rank, which nmeans that
oP BRG R ende it et s Por S o R g 1= 120 N
Voo ¥ (VB P. / N, whi ch means that equal power Prax/N
is trapsmited at each,. antenna by a_.co ondi
pover “2FTBPITE (8% PyYer gEpiia A gavicsta bpcides pfhe bals e
2EhrRPORE orktfutQIwal, tef fcﬁ’fm& 1 4RiSEase zfAlﬁpﬁ)aM 2,lthe fofal Sower

case, HHH is not full-rank. Let vl ‘denote the L

elrsmitisditeams the &Y antqnpp devigsivil b sa%@dh%@&éa%?rﬁrégmﬁa
Virom [tvd M-antenifd-devi@N Hich@! thphﬁc Béthtdndhe twd deMlces is (Ejymmgiﬁc

where the power for each node is the sanme and

f@fth?§° sifuatigng. Capp&/Appraedh 1 ip slightly mipse praplicpted @mgP #en by
gmrefs’ E ﬂo)mahzlglt\iém s'f%v% but h;@llﬂ&e ﬂaﬂ&ﬂ&@d\g&?& %ahtzﬁﬁircfaﬁlpﬁn

na paths ma ferent.

t rans ﬁhﬁﬁﬂﬂ@%ﬁe‘iﬁﬁ@@ﬁé ﬁ:mm g C@mb%él‘@f perrevnggithin 1 dB Ofthe
n@:ﬂabﬁﬁ l'ﬁlﬁﬁ férllesyfﬁﬁfemrs gsgfng n? ‘rérrbg aﬁtla&ag' off b&ﬂ@id@s (Lfs'

trans fransmt nat
(the &nk), bimfmﬂute‘@ ussof, snwiﬂ;raed oz etfﬁamt mpwemnpiﬁmmﬂm i s

Vﬁ%%ﬁﬁ%ei%} Qmp a$ ellesu?tq%ﬁ%vé R)a\ﬁég 5111 Q@H terfer%/ i}%wa%n rgdla

f maths{cansdd li}Othh povgapmplifi¢rs)thanShe wdte;ﬁlhﬂgsoluﬂbﬂr e z =

\ Then. t. f
ot oot st dovps! OSt Bttt Tils B e B8 ForepdiHEfY Bansmit
adiitemnMeand AidybeGpifidre osdiffarnt for &2h ahtehi@a Morbbver, @%dnNF a

noggreater than P. 7

roach 2: Set = 1. In
fpnng B%W%P%ﬁﬁalﬂmfe%éﬁp 2 R EnteRpay %@1 Rf 'ﬁ? ARt y
dp?aﬂéﬁwas:onssraﬁmha&m@ksmopeqmuo%med by a?th enna
or sum ng,

power E‘ﬁﬂFYlf‘"% %?qogw’é]% Mdti‘b‘?kt@ §’f\%"%ﬂl§‘6§ W‘ds fremitse devirs 199 nk

ha¥Rctith e same type of power constraint at each of the M plurality of antennas.

- The cases described above are applied where M is compared relative to N, and the
appropriate solution is used for transmitting signals to device 100.

FIG. 3 shows a block diagram of a radic communication device suitable for
devices 100 and 200. Device 100 comprises a modem 120, a plurality of digital-to-~
analog converters (DACs) 130, a plurality of analog-to-digital converters (ADCs)
140, a MIMO radio transceiver 150 coupled to antennas 110(1) to 110(N) and a

- control processor 160. The modem 120, also referred to as a baseband signal

processor, performs the baseband modulation of signals to be transmitted (vector s)
and the baseband demodulation of received signals, In so doing, the modem 120
multiplies the vector s representing the L signals [s; ... s ]” to be transmitted by the
transmit matrix A. The DACs 130 are cc;mplex DAC:s that convert the digital
baseband modulated signals representing As to corresponding analog signals




10

15

20

25

30

35

same peak output power, then for Case 1 and Case
2/ Approach 2, the total power 10 transmtted fromthe
N antenna device will be equal to the total power
transmtted fromthe M antenna device. Hence, the |ink
between the two devices is symetric in these
situations. Case 2/ Approach 1 is slightly nore
conplicated (since it requiPes a normalization step)
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a bl ock di of a radio co ti on device
SOIPHE B R ot orirot ShS b miir Seron ROUA ol Tysrer Seokons
COIW, te%ﬁ@snaemnﬂﬂmnaofa@m 120Pfokls Ahuitt-YarSér, &b, g@ﬁ@goﬁ@ -
analog converters (DACs) 130, a pluralit

afequency; dvision mukiplekerh (G SIM} @plisghoa) Ggeera.lﬁ@maw MO

r gt h&d&l@ﬂ%ﬁﬁb‘t’ﬁé dés'éﬁbé&%@lr@i@ pb@orf3ll %ﬂﬁﬁeﬁd&ﬁk@(o]a)ea&lp
110 contr ol rocessor 160. The nodem 120,

aPE %lbeam@r&o ppjimige perfosmansa der indqgn Arquepsiotelestivy fading

PEhITB WillGeRAAENS R0 @iél !ﬁhkrﬁi‘&epgecﬁdngﬁ@h%f 1R R&dem

transmtted (vector S) t he baseband denodul ati on

ofompsises asstnbileyirlack 310, a bwkébﬁ n@convﬁ@uwbmtiez@ a block

t Si
"Rkl 5L ABIGUERCDS Wil ik ol LS
Anulﬁplécaﬂmmmm tenenic wairixek thamshffdnaxt ataarlvefthe OFBPM sub-

Se du i an n 0
c 2l esg% % %Zlﬁg |ag8b arr%‘ g}%dﬁla% %C? a'bidek §350 f m@é}séﬁ%s{
Fourier Transforms (IFFTs) and a block 340 of low pass filters. The output of the
low pass filters block 340 is coupled to the DACs 130 (FIG. 3). A preamble
generator 350 is also provided and is coupled to the DACs 130. As shown in FIG.

4, assuming the modem is in an N antenna device, there are L instances of blocks

315, 320 and 325 to perform processing on each baseband transmit signal stream
and N instances of blocks 335, 340 and 130 for processing signals associated with

each transmit antenna path..
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8 5 coupled to transmt paths in the M MO radio
transcei ver 150. The ADCs 140 convert the received
anal og signals from correspondi ng receive paths in the
M MO radio transceiver 150 to digital signals for
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| er block 310, a bl.oc 315 f Qonvgfutlona
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lication with the transmt matrix Athat i S
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i nverse Fast Fourier Trans and a bl ock
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prea gener at or S a SO pr
cApplication Mo.t1085TRE% fR0una, 20A%ine ¢ntirdey ¢f which is

incorporated herein by reference. Information regarding constellation order as a

function of subcarrier index and eigenchannel may also be included in preamble,
Each subcarrier has an associated constellation order for each eigenchaunel. In the
transmitter section 120A, a multi-dimensional vector trellis encoder (VTE) may be
used to map input bits from the scrambler onto OFDM constellation symbols,
Examples of multi-dimensional VTE’s are known in the art. Other techniques for

obtaining channel state information are known in the art as suggested above.
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4, assumng the nodemis in an N antenna device, there
are L instances of blocks 315, 320 and 325 to perform
processi ng on each baseband transnit signal stream
and N instances of blocks 335, 340 and 130 for .
processing signals associated with 35 each transmt
antenna path.. 9 5 The receiver section 120B shown in
FIG 5 conprises a block 4151&f resanplers, a block of
| OWpass pbitdrh 81z bé Bl thet Rpyiiek i Bwaconstimit peiakibls

troll ed 'l at bl ock 430
eI O a1 e GBS YN A PRSI ion st o el ine

afik-rapphiad to the receive signals, a block of
de-interleavers 440 and a bl ock of convol uti gnal
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i HfresHpriisEpternioProrsess Yostor spepresepting Lisigngls slies &l to be

rEASmHRE with dRhSnit FHAMK A & mS8¥izE SapaditFloftRe EHaBRS Between
signals back to the other device. This assunes

rthe ﬁﬁt émqe;anql ﬂ13tSPF@11F1 dpwice shigettp a pewerconsiaimb s thepoper
GCE éaQﬁ‘ itk mdhvig ﬁ:@s tﬁﬁfgl%ailﬂl OQE%E' fv@:{e% the

ues M hase ration are disclosed
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entire
computed subj ect to the power constraint being different for one or more of the N

antennas or being the same for each of the N plurality of antermas. For example, in
the latter case, the transmit matrix A may be computed subject to the power
constraint for each of the N plurality of antennas being equal to a total maximum
power emitted by all of the N plurality of antennas combined divided by N.

The above description is intended by way of example only.




i ncorporated herein by reference. |Information

regardi ng constellation order as a function of

subcarrier index and ei genchannel nay al so be included

in preanble. 30 Each subcarrier has an associ at ed

constell ation order for each eigenchannel. In the

transmtter section 120A, aqjpulti-di mensional vector

trellis encoder (VTE) may be wused to map input bits
Claim#i t he scranbl er onto OFDM constel | ati on synbol s.

Exanpl es of multi-dinensional VTE s are known in the

art. Clhﬁgﬁfgphni ues for obtaining channel state
Li nf o et et redignmommumieation betweem e ditst copypuanication
48 2 (ﬁ noderqn@{ be.byilt.that applies the power

COHsFPARAENY REPRURCAAn deves cg 1% a tine-donain

system i npl tion where.tapped del ay-.line, filter
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ant ehiten AR (RNAHIALInARACII AP AeyllR! QUhAO ML ERNt e a

the optimal waterfilling approach. n3um ‘a“system

and grefd1as T RoléPvhdesre Gindtdieocial &aneAREH 4Rt N second

between a first device having N plurality of antennas

and carseanjiedtide \degiet@vihadinyt comui@ichdion deditk cRhasein each
At the first device, a vectors representing L signals

[ s| mode 14 signel $lweamansnmitted is processed with a
transmt matrix A to maximze capacity of the channel

bet Ween ehehei fisgt epinamicatipn devisec oomiputingcrecsive weights

. to power 15 constraint that the power emtted b
eac%mé‘F thige s &pepived at) thes plpeality %ﬁpmaspé&éh? first

o gseminpation "HB e AL {Bera, ARSI obY nrfbennigeond
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radio transmtter: coup a correspondi ng one
of ¢20 thethd Gral tdmAniBRIRNASAce, HathFhtAdS ERAAGkmit matrix

signal processor coupled to the N'plurality of radio

t r afiom therscelv@ WERBESSnd vector s representing L

signals [Si ... sL] to be transmtted with a transmt
mat di x Aat therfxstntenemaapadionydeficd, r@plyiagriak thetseimatrix
the first device and the second device subject to a

powkr the pduradityt oft matles e heosimultamédustd tansesictedofrom the
the N antennas is |ess than a maxi mum power, whereby

t hePlurality of antennas of the first communication device to the second

communication device,

2. The method of claim 1, wherein at the first communication
device, further comprising computing a matched filter matrix from the
signals received from the second communication device at the plurality of

antennas of the first communication device.



25 transmt matrix A distributes the L signals [si
sL] for simultaneous transm ssion to the second
device by the N plurality of antennas. The transmt
matrix Ais conputed subject to the power constraint
being different for one or nore of the N antennas or
bei ng the sane for each of tiae N plurality of
antennas. For exanple, in the latter case, the
trandsm t Thet mhethAd nafy claémc @npuihadirs i) dod firat tdoenmonization
3Q constraint for each of the N plurality of antennas
deyd¢eng campaitingo she ottapnsmiti numatrizoweempmses eccopyputing  the
l‘% the N Ezl ural ity of antennas conbi ned divided by N
or¢hegonslization of Fhemabehedsfiliar madsd by way of exanpi e
only. 11 dainms: 1. A nethod for radi o conmunication
bet ween &Hel methabofreinimal,i whereiie congpuding and epphdng at the
comuni cation device, conprising: a. at the first
finsd vommiwzicktdon device ere pedermedgaclatinee plpmald ateyregéived from
antennas of the first comunication device, signals
: thp@&p@g%pﬁmmcatmmd@pp@ {0 updatedde trapgmifrmatrix that the first
simul taneously transnitted by the second
coBTRIFALAR] GV iR Vrti (o STt 3 iuERlikn o) mwdpsito the second
de ecvi ce, wherein each node is a signal stream b. at
the first communication devi ce, conputing receive
wei ghts fromthe signals received at the plurality of
-ant &nnas T methdd roftclaioo iyuwhersinothed etépseof hemnpwéing and
transmtted by the second conmunication device, such
apphang Hethe Satt eomprugeation devisepanecperformpd at baseband for
receivi separate traiping sequence; ¢. at the_ . )
© ]Progta eﬁﬁcﬁﬁm CatigHenex Se :caEHﬁﬁ%F?ﬁ?ﬁlaéegr @ fulti-carrier
X fromthe.receiye ights,...and d.. at the first
kit sbEh Wi Fcactipg e PR S BOER mmcrix to
the plurality of nodes to be sinultaneously
trafisni t The fethed € clpinar 3l mtherein aht thenfigstofcommeunication

first conmuni catigon device to the second .
dewsan EARPEEng cogeRiises computing the transmit matrix such that the

- power transmitted from each of the plurality of antennas of the first

communication device is less than a maximum power.

- T. The method of claim 6, wherein at the first communication
- device, computing comprises computing the transmit matrix such that the
sum of the power at corresponding sub-carrier frequencies for each mode
across the plurality of antenna paths of the first communication device is the

same.

8. The method of claim 1, wherein at the first communication
device and further comprising selecting a transmit data rate separately for
each of the plurality of modes to be transmitted from the first communication

device to the second communication device.



2. The nmethod of claim1l, wherein at the first

communi cation device, further conprising conputing a

mat ched filter matrix fromthe signals received from

the second commruni cation device at the plurality of

antennas of the first comunication device. 12 3. The

met hod of claim2, wherein g§ the first conmunication

devi ce conputing the transmt matrix conprises

conpt i ngThmeneigmﬂho@@}m'm Batwheredd athéherdimshegbrfiinhamtion

matri x, 4. The nmethod of claim 1, wherein conputing )
dege sglaclinggisapenfprmed j gegprdingrions creceivad deighaktaneise ratio

rned, each tjne .sigpals are received from, the .

(‘ﬁ@{)ﬁ’a &g e-luralithetmedes gt thegsaeend gempmugisation device.
matri x that the first comrunication device uses to
trandhi t Bhemethodt gf ofainD @ swhereimeats eleorfikst d@vimanication
5. The nethod of claim1, wherein the steps of

desdesp furthgr aeaipripivigy esfmatingh ¢hé i reseivednBNR dfat i each of the
devj.ce agre perfornmed_at baseband for each of a

Plﬁrﬁl:“a’l of
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coﬂﬁiﬁﬁflictaﬁ@ﬂsgé‘ﬁﬁg dnbt %eﬂﬁﬂsﬁ’lﬁtt&? %JP Iﬂéé alobbNa %fornmunication
antennas of the first conmmunication device 1s ess

ddvil@n a maxi mum power. 7. The net hod of cl ai m 6,
wherein at the first communication device, conputing

i i P T
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e A
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12. The method of claim 10, wherein at the first communication
device estimating the received SNR for each of the plurality of modes at the
. second communication device comprises multiplying the received SNR of the
corresponding mode received at the first communication device by a factor
that compensates for a difference between a transmit power of the first
communication device and a transmit power of the second communication

device.

13. The method of claim 12, wherein at the first communication
device further comprising receiving from the second communication device
information indicating the transmit power used by the second communication
device.

14. The method of claim 8, wherein at the first communication



each of the plurality of nodes to be transmtted from

the first communication device to the second

conmuni cation device. 13 9. The method of claim 8,

wherein at the first comuni cation device selecting is

performed according to a received signal -to-noi se

ratio (SNR) for each of theyplurality of nodes at the

second communi cation device. 10. The nmethod of claim
deyicenseleetingatomppeises rslecdgmanist@atvéonraeamite dhta tizte when

conprising estimating the received SNR for each of the
transmiting todhemisdend eommymieatien doviee dorf jorer received SNR of a

device, and received at the secon

medhdt El%wg géqiog cgEpeRicatigmderice ra@éeieb%caug\mhigherddata rate for
. ' LN h.of t.h I [ i f d .
higBEerarBtyed SR BReeS ot Bivemte A epir wlor R ehsicear o

transmtted by the second conmunication device. 11.
The ¥et hddeomeathed mf1daimh8y eiherain taiethd figst communication

communi cation device estimating conprises equating.
devife selectingds parormedchasedoen traeeived FNR| injoratatieni ebtained

t he second .camuni cation device to the recei ved SNR
eag\% time @, rapspHEep A% F?@l\‘ﬁsﬁé‘? ﬁé%%ir%feaoramwwqq gvice from
thE& QT ic%ati on.device. .12. The net hod of claim 10,

Whérern .gt‘mpi%c 1Pt S imuni cat i on device estimating
the jpeceiriecubihd oF RGN 18 bAGRL Widld il cg,glgf@?@%ﬁon

the second comuni cati on ‘dévi cé conpri ses nul

detite fulafirV&hnpNEngf réc@ﬁ(in% Qrdh SN %&ﬂd%ﬁ%@%ﬁgﬁtﬁd device

at the first communi cation device by a factor

infosipeRandscdtiig dhélirbdaval SNIDFEMBREN @fttheqﬁﬁ}él_i@omemodes
of the first communi cation device and a transm

reqeaveet abofhe deeoné comanwwinntion daticenhatieyd fansmldtteds the first
met hod of claim 12, wherein at the first comruni cati on

comawirgeatiien tdheiceconpri si ng receiving fromthe second
conmuni cation device information indicating the

LT angm t TROWREHEIP df Riaih!'q 15 SPRAIE QAMHY 3L Bfimmunication
device further comprising storing the received SNR for each of the plurality of
modes received at respective ones of a plurality of other communication

devices for use in rate selection when the first communication device

transmits to a respective one of the plurality of other communication devices.

18.  The method of claim 1, wherein for a synchronization field that
the first communication device transmits to the second communication
device, applying comprises applying elements of the transmit matrix for
corresponding ones of the plurality of modes for digjoint subsets of a plurality
of frequency sub-carriers associated with a multi-carrier baseband

modulation scheme,

19. The method of claim 18, wherein for a data field that the first

communication device transmits to the second communication device



14. The nethod of claim8, wherein at the first

comruni cation 14 device selecting conprises selecting

a slower transmt data rate when transmtting to the

second conmmuni cati on device for |ower recei ved SNR of

a node at the second communi cati on device and

sel ecting a higher data ratesfor higher received SNR

of a node at the second communi cati on device. 15. The
apEyhgdcahprbes applying elementatoftthe thanshitcmabrinicontesponding

device selecting is perforned based on received SNR
toj escbrofihe pluusbitnohewdes futeli thepliralitnefswstamiarg associated

ved at the first comruni cati on device from the

Wstgcao chgnthmedulation sgheinee. 16. The method of claim

S e St g Flfam‘:?“““%%ré% ”&éﬁféﬁ optpunication

SNR
d‘%ﬁ% &ﬁflptlﬁﬁgr BRoP Proj e RmRd st SubPoBhE 3PoRE vdkinet =
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I catron Vi Cce

mYlieTagion atheblie fifolnd St %@Wﬂﬁfﬂttﬂ‘ ]!F)\’Y dexi £Rohd rcbﬁﬁﬁumcatlon

conprising storing t recei ved SNR for each of the

deplider ahd trgcaited @0dde plecdityest attehfspeftthy aiiebesmhuiication
plurality of other communication devices for use in

devidee rspresenting wheynthenidatsin dwldutianatiitieddéyi the second
transmts to a respective one of the plurality of
comrhénm@tmmdﬂvm wsing ¢laments. of k8traTismitmtadioi fof coiresponding
wherein for a synchronjzation field that _the first

| 0n@8 Pithe PAuray pdvpedes foarnipind subsetieokepbwplity of frequency

b EREAT <At oried L RIS HoarbaRd FeEeien Freme.

ones of the plurality of nodes for disjoint subsets of

a pl2dr al Thy methdéd edfudainy 20,bwhearain eats thes st @bmenwhichtion

a multi-carrier baseband nodul ation schene. 19. The
defricehéderivingceamputisg thieerespivef weighte somprissisdintérpolating the

fi.rst ,comruni catjon device transmts to the second
recelyewaishisi 3t remaindae ones of the plurality of frequency sub-carriers

for each of the plurality of modes from the receive weights for the plurality of

frequency sub-carriers associated with the received signals.

22.  Aradio communication device comprising:

a. a plurality of antennas;

b.- a radio transceiver coupled to the plurality of antennas, the
radio transceiver upconverting a plurality of transmit signals for
simultaneous transmission via the plurality of antennas, and
downconverting a plurality of signals simultaneously received at the
plurality of antennas to produce a plurality of received signals; and

c. a baseband signal processor coupled to the radio transceiver

that: (i) computes receive weights from signals representing a plurality




15 applying conprises applying elenents of the

transmt matrix corresponding to each of the

plurality of nodes for all the plurality of

sub-carriers associated wth a baseband nodul ati on

schene. 20. The nmethod of claim1l, wherein at the

first communication devicegjgonputing receive weights

conprises conputing receive weights at a plurality of

f r egenadesdudmsmittedehy ansdeeicatmatuimichtioa dexd cei axglbwaceiwied at

baseband nodul ati on schene fromsignals transntted

by tthe Butdify eformtiennasat wbareidedcbemadd is ecsignell stream and

the plurality of antennas of the first conmunjcation

deviseh thab BaFeceriy weighte Bro Aryived svitheud rgceiving a separate

transmtted bX t he second  communi catj on devi,ce %Bin .
ﬁ celve

el etEHPISHFeRUenRcEn ST COMBIEES, 2t GANER ZHEHq o

of 8 ur.aki t f des for..djisjoin bset s ,af

o1 R ot b, B¢ e Hhist pob Bl o, TR gy B, mpdes
mul tj.-eakrie d jpogulatliPngshhfms .

et | g(o)l @@ﬁ%l gi ﬁ%ﬁﬁ&hé}?& n gﬂl?hselgﬁlgr st .ch%#rmsgllgggztaflg%us}y
devitsgnGeitied BY theMadid BhdbSvEL R YRe \WLENIS of antennas to
conprises interpolating the receive weights” at

r enghabtlgeradasmohichbienfevicl i ty of frequency

sub-carriers for each of the plurality of nodes from
the receive weights for the plurality of frequency
sub-carriers associated with the received signals. 22,

A r&3i o dbemuadicacommutsvitien cdenicd soifnglaimn. 22 wherein the
plurality of antennas; b. a radio _transceiver coupled

b I

bagepansbsignal Brqcegsazrcoprudan agnatohed filken matyiy fiembhersignals

upconver.ti plurality of transmt signals for
re%qeﬂ?f{]?ﬁﬁ?o&glrglﬂgvn%i{ﬁrggp Avia the plurality of

ant ennas, and downconverting a plurality of signals

si nB#t an®bheskadioe cemwadhiedtiomedeyitairal iclainof22ntvdienais the

to produce a plurality of received signals; and c. a
bapehssish pignel paredespercenputescBiptragsnyt mhatrix by ccomputing the

ansceiver that: (i) .conputes receive weights from

orQiognat iatiany etbarnatshad FHEATRRLEEL 6

25. The radio communication device of claim 22, wherein the

baseband signal processor computfes the transmit matrix each time a
plurality of signals are received at the plurality of antennas from the other
communication device.

26. The radio communication device of claim 22, wherein the
baseband signal processor computes the transmit matrix for each of a
plurality of frequency sub-carriers associated with a multi-carrier modulation

scheme used for each of the plurality of modes.

27. The radio communication device of claim 26, wherein the

baseband signal processor computes the transmit matrix such that the power



of nodes transmitted by anot her conmunication device
and received at the plurality of antennas, wherein
each node is a signal streamand such that the
receive weights are derived w thout receiving a
separate training sequence; (ii) conputes a transmt
matrix fromthe receive wejghts; (iii) applies the
transmt matrix to the plurality of nodes producing a
trphsmired frood ebaclans the pdugddly oftamtbenss mildsarthansd ynaximum
transmtted by the radio transceiver via the plurality
Pa¥ferant ennas to the other communi cation device. 23.
The radi o comuni cation device of claim 22, wherein
t he 2gbas gihangdadiod RBMNMLACLESR dEHP U AT hQtherein the
filter matrix fromthe signals received at the
bagkharad siopabprapsrrampulds thdha anaghiomatrimeack ahabthe sum of
device of claim22, wherein the baseband signal
the myvesy st covegponding keb-camenirequendiex obpaconpedd agross the
the, orthogonalization of the matched filter matrix.
plymplityied apienns pafhminthesa®s. devi ce of clai m 22,
wherein the baseband signal processor conputes the
tragom t Thet FadioeasiriuniBation Pleiried | 81y chfinsi ZP)aktheddifl the
received at the plurality of antennas fromthe other
baselranshsigatl procdssdrcelec® a tFansmitdd atacatesapaatelynfor each of
device of claim 22, wherein the baseband signal
the phaadisy of nodps tebe transmittedriotthamthéconamusaciiof device.
plurality of frequency sub-carriers associated with a
mul B0 CaThé fadiBdub@id Blicatis 1 CdB it & CRAMCY) @hetdif the
plurality of nodes. 27. The radi o comruni cati on device
basdbazldadigh 2oprosbaine isblebtitn thasaliaddts raRalcchfdifg $6 lreceived
conputes the transmt matrix such that the power 17
signabte-moiseactio GNBaldr edcht dfethel pluaklity obimodes eacwised st the
| ess than a maxi num power. 28. The radio
othegrprgrnynicationdleyiase of claim 27, wherein the

31. The radio communication device of claim 30, wherein the
baseband signal processor estimates the received SNR for each of the
plurality of modes at the other communication device from the received SNR
for corresponding ones of the plurality of modes received from the other

communication device.

32. The radio communication device of claim 30, wherein the
baseband signal processor estimates the received SNR for each of the
plurality of modes at the other communication by equating the received SNR
for each of the plurality of modes at the other communication device to the
received SNR of the corresponding mode received from the other

communication device.




baseband signal processor conputes the transmt matrix
such that the sumof the power at correspondi ng
sub-carrier frequencies of each node across the :
plurality of antenna paths is the sanme. 29. The radio
comuni cation device of claim22, wherein the
baseband si gnal processor s éects a transmt data rate
separately for each of the plurality of nbodes to be
trardin t e tradichecontthenicationudeciaei of oleiwm c&l, Itherdhe the
radi o communi cation device of claim?29, wherein the
bﬂtﬁ&b@%‘énﬂg@ab rRIpcgseot cstimnatee| gegeivedinSNRt forateachaph the
accordl to a received signal-to-noise ratio (SNR)
Plgality,e I%?d@aShet sherother popmupgigation cdesicee by amufiplying the

SR TR beoSlaandt g S TGPE i somponstes e o
T SR S LR Fe S L
trgﬂgmﬁgdogﬁeg mhg %méaecfoﬁﬁ:gm({aaoh%fe%eéed SNR  for

corre ing ones o urality of nodes received

fro the t her ., communi cati.on gew ce. f The radi o
ni cdfeoRagioy iCOBIBRNICRER, devichnef &4t 83, wherein the

BTSN TR S5E e 5 ISR A
reB T DA LR SEAL 0L Bt lfES e o
by%\é'o%ﬁeﬁ&brﬁﬁl%m{] % ceoNR of the correspondi ng node

e ot her

received fromt cormunl catl on deV| ce. 18 33.

The adi ni cati on, devic cl V\/ne ein
t he BaseBRAAT 19 N BUGEEL0sy nef é@ é" s SERPLFEY When

| urali.t des

ot Rhe s ot iige Bthiimicaidl dRiR e ifkeRing, Nﬁlgnal
pr?éesgt!;}e Stgﬁgt{seé ps%‘v%xg E[H%%t g&/ +8 ltaﬂgti?{‘ IE)@@{' rggé]‘g%&l%%ﬁ

erence meen ran m power O

coﬁ@gﬁﬁﬂﬁlﬁgtnh&fb ey 's@l%ct%nadhghe&' 11325 Fhie ROMEELG rcbfed SNR of

ot her cohmuni cati on devi c
a corresponding mode.

36. The radio communication device of claim 30, wherein the
- baseband signal processor selects a transmit data rate for a mode based on
received SNR information obtained each time a transmission is received from

the other communication device.

37. The radio communication device of claim 30, wherein the
baseband signal processor processes information received from the other
communication device indicating the received SNR for each of the plurality of

modes received at the other communication device.

38. The radio communication device of claim 30, and further

comprising a memory that stores the received SNR for each of the plurality of



34. The radi o conmuni cation device of claim 33,
wherein the baseband signal processor conputes the
factor based on information received fromthe other
conmuni cati on device that indicates the transmt power
used by the other comunication device. 35. The radio
communi cati on device of claijgh 30, wherein when
transmtting to the other communjcation device, the
mpdselygeeived gHarespeeice vnee efepephwrality |ofwether reomymimication
data fate for | ower received SNR of .a correspondi ng
deigers 19K sednd@te salepfiom athematransmilding to pirgpractive one of the
recej ve NR of a.cqrrespandi ng node. 36. The radio
ol P bro ey e ARARR 50, Wher ei o t he
baseband signal processor selects a transmt data rate
for 39.nodéhebasdd commnuuentien dNive of olmen i 28) wherdinedhen
each time a transmission is received from the other
ProgeRmiRg c 8t | ymcheanigation? fiekthe to adko teomsroitterht fonthe other

devi ce of clai.m 30, wherein the baseband sjgn
coprgre npf&%’é%‘ﬁg% bARRALTIEBAL PERCEFYE BRRTISM algraents of the

B ST SO B e S MR B Y i
: . . S . . .

R By oL EFTIAD, 7 eGeffY sPpnitord nl R with o mute

cagﬂgpbhgmdqnm%%ntggﬁ%ngores the received SNR for

each of the plurality of 19 nbdes received at

resp@ct i Mheop@dioOborAmRiniéaidd YeQiceObh aie® MY NvhatdiANwhen
devices for use in rate selection when transmtting to

pracessipeatdate fivdd tobetthensmpittedito the othat d@timunication device,
comuni cation devices. 39. The radi o comruni cation
thdebassbanfl elgniain PDcessioer appliesh elementsc of stheg teansmit matrix
synchroni zation field to be transmtted to the other
coprgineidingt tiooercdeof the plurelita oéasdessiograll the aderady of sub-
applies elengn{s of the transmt matrix for
CaRGPTSASTBRatehWHRes basehard IBP@IP]@MWC%?%deS for
disjoint subsets of a plurality of frequency
sub4gdar r Thes radeocomnechishtibn adewiké i of claim 22, wherein the

- baseband signal processor computes receive weights at the plurality of
frequency sub-carriers associated with a multi-carrier baseband modulation
scheme from signals received at the plurality of antennas representing a
synchronization field transmitted by the other communication device using
elements of a transmit matrix for corresponding ones of the plurality of
modes for disjoint subsets of a plurality of frequency sub-carriers associated
with a multi-carrier baseband modulation scheme, and derives therefrom
receive weights at each of the plurality of frequency sub-carriers for each of

the plurality of modes.

42. The radio communication device of claim 41, wherein the

baseband signal processor derives the receive weights at each of the plurality




carrier baseband nodul ati on schene. 40. The radio

communi cation device of claim39, wherein when

processing a data field to be transnmtted to the other

conmuni cati on device, the baseband signal processor

applies elenents of the transmt matrix correspondi ng

to each of the plurality of des for all the

plurality of sub- carriers associated with a baseband
ofnfrephertdyosutsedreives fdrl eadthef tlad phurabitinefind@idsoly deterpdating

of claim 22, wherein the baseband signal processor
theongnet s wedgldisvat weinginingaeneshef ghar pluireljtyoof frequency sub-

frequency sub-carriers associated with a nulti-carrier

COHSED Mtdeamiu of the phuradidyeanedemireny bl seqeive weaghtst for the
t he.pl lity of antennas representing a . )
PRIl fFemienoR SEP SR ETSARSAVEIEVEY Brdesried signals.

co i cation,device i,ng .,€l enents. of transm-t
ot ik o Be Shended GHET Brerteaions, faf (g executed,
f 1 SO o fea plurality of frequency
P su ?%gﬁétggg%ggygﬁla#%‘%%?ﬁﬁa mul ti-carrier baseband
nmody, at | @BmPebiREEs tARRNHE HhMeS BRI RieRB whRTRE Werived from
wei ghts at each of the plurality of frequency
a Plordlayr berigldls RprBscdfting e ddhtdIRY b 1R6dSLERRultdReously
The radi o conmuni cati on device of claim4l, wherein
tramenitbakbp anstcsnd ramopnmicatisw desizei arebrdchiredegich piurality of
wei ghts at each of the plurality 20 of frequency
- andetnasnof ise figstt cpmenuticadfion Wevigeuvehdrein ehchrodede By a signal
i nterpal ati n%h the receive vyei&uhts at remai ni ng ones
a

stysam padn gy thet) the rpeaive avrightrupre dariveéreithont seesiving a
of th Eﬁlurali%% of nmodes fromthe receive weights for
SePﬂ%ﬂe§¥ PIRE 38AUSRCS A iency sub-carriers associ at ed

st uct PBRG I 2 TR B BITERY, t0 BBt UL neL Fies to be
s QIBRESII0 HARALART Bt HCOURNLIRG 5 LLANSILY I irst
ght's derived from plararity o

- coﬁlmﬂlﬁh&twﬁ ea\fﬁ@ R4 tRE séeobll ﬁ%ﬁ%icgﬁio Gice

simultaneously transmtte second conmuni cation

devi,ce and recgeivyed. at a pluralit f
: 42. A me% og for radio comm%n?cation between a first

communication device and a second communication device using radio
frequency (RF) communication techniques, comprising:
a. at the first communication device:
1. receiving at a plurality of antennas signals representing a
plurality of modes simultaneously transmitted by the second
communication device, wherein each mode is a signal stream;
1. computing a transmit matrix from parameters derived from the
signals received at the plurality of antennas, said parameters derived

without receiving a separate training sequence; and




antennas of a first comuni cation device, wherein each
node is a signal stream and such that the receive

wei ghts are derived without receiving a separate

trai ning sequence; and b. applying the transmt matrix

to the plurality of nodes to be sinultaneously
transmtted fromthe plural hjy of antennas of the

first communication device to the second

conmmiimni c stppdyingethe drantit Anaindd ther phadlity of modes to be

communi ¢ati on between _a first _communication device
and Smidtanequelyniransaiited frome fhe eluxality of amitennas of the first

frequenc RF) comuni cati on techni ques,  conpr.i sing:

a. a°™R n%‘iaﬂé‘fl Jessiem vy s seepnceamdincating Sing at

a plwrality,of antennas sikgnals,representing a

pl ur}g:il i tyatngﬁﬁ(éoé’éf q%upé élé)ﬁ?sq e.r'ansm' tted by the
secqgnd %Mfﬂ%c%tt' gn ﬂﬁ*%ﬂi?f’o filetdhsC & a'ig)q%Pi'c—?seﬁting a
signal streany i. computing a transmt rix trom

par giRtAks def | Weshes! OfhidifancdhelA! $rdriESitiegd dﬁgr B8  first

plurality of antennas, salid pararreters derive

wi t heuimugatishii@gvicesepar ate trai ni ng sequence; and 21
iii. applying the transmt matrix to the plurality of
nodes t o chmpusinmpud teneois inyatrizafiom phednbtarmndehieed from the
plurality of antennas of the first conmunication
deviségnals re¢raverbob fible pbwrality odtaindennasy isaid pbrametarhelerived
second communj cation device: i. receiving at a

pl urEtheyl receiying A saRarate fxaisinggaquenpt;iang a

plurality of .nodes sinultaneousty transmtted hy the
FR R I o M matpx Yo mshuﬁgha of daadis to be
matrix f.romparapeters, derjved fromth si.gnal s
Fecarbelre8fo Bl “FRuRpS bR thenleahin o Rl Snasept the
deriguathd H&rﬁ%%ca&&%ed%)i&qtoaﬁh%efﬂ% ab ik 'cQt{iB‘xQ deyice;
sequence; “and 111 . applying the transm U matriXx V6%t he
plucal i t Y1 REefPHRS sfeP Hecomputing the transmit matrix is repeated
each time signals are received at the first communication device from
the second communication device to update the transmit matrix at the
first communication device, and the step of computing the transmit
matrix is repeated each time signals are received at the second

communication device from the first communication device to update

the transmit matrix at the second communication device.

45. A radio communication system comprising first and second
communication devices, wherein
a. the first communication device comprises:

i a plurality of antennas;



simul taneously transmtted fromthe plurality of

antennas of the second communication device to the

first conmuni cation device; c. wherein the step of
conmputing the transmt matrix is repeated each tine
signals are received at the first conmunicati on device
from the second communi cathen device to update the
transmt matrix at the first communi cation devi ce,

and ihe st epdf toomwpeivengoupledt tarbai pluralty ok dandennas, the
repeated each tinme signals are recejved at the second
conmidie dlirrBeceiayi ¢apdhlenvk Hwepnyerting mmplieadityonl transmit
devi ce to date., the transmf mtrjx at the_second
comMIBRAE OB FER g ous STanSTh5610p ‘é’é‘n?hﬁ@i‘é‘tail'éﬁ of\antepnas,
conmprisi;ng first .and seco onmmuni cat | devices, .
ot G mpir Bt n BT AR sl oRieived at
i I bty ; I} . 1.O. : . )

t e S A S o ot M ikPesived sigpplys and
radig tr | I ty k

of tranon PReii SRRRD DR estil SHBN" (ot Blolrh Lok that
the phifhakst ¥ ofandBlieNARSrix &Y dPARGABHRE L H88vEd from the
plurality of signals sinultaneously received at the

pl urhrdljtyofof ameeiviab dignplsodepresantingr @l iglyrdity of modes
recei ved signals; and iii. a baseband signa

pr ocmsblaneously e tiransnribigido byr 4hecedcond tommurdoation edevice,
atransmt matrix_from parameters derived fromthe )

pl urasrein epch apede ég askignal streapr.csridt pangmeetprypxg ideyived
of nmodes , simultaneously transmtted by the second

co Wt FEEFTHEEI ReSCPARALY dTaiDUME IFeRBRRee, sand dhgnbgseband
o L ARG o0 A LA LR NLSERY oo
Progs (Sjél%rd BEP{HE 1&@?1;#8{‘%{31{5'115@ L Xa{so & hbee pslu_%{l?tl I tXusly
of modes 1o pro uce t e pluralitty ransm t~signal’s

to Qﬁaﬁnﬁlﬁﬁédaﬂ?’?%%e&n& EARRRIiE A5 Gedibs Se€cond

conmuni cati on devi ce;

b. wherein the second communication device comprises:
i. a plurality of antennas;
1i. a radio transceiver coupled to the plurality of antennas, the

radio transceiver capable of upconverting a plurality of transmit
signals for simultaneous transmission via the plurality of antennas,
and downconverting a plurality of signals simultaneously received at
the plurality of antennas to produce a plurality of received signals; and
1ii.  a baseband signal processor coupled to radio transceiver that
computes a transmit matrix from parameters derived from the
plurality of received signals representing a plurality of modes
simultaneously transmitted by the first communication device, such
that the derived parameters are derived without receiving a separate

training sequence, and the baseband signal processor applies the



b. wherein the second conmuni cati on devi ce conpri ses:

i. aplurality of antennas; ii. a radio transceiver
coupled to the plurality of antennas, the radio

transcei ver capabl e of upconverting a plurality of
transmt signals for sinultaneous transm ssion via

the plurality of antennas, and downconverting a
plurality of signals si mul t aneous| y received at the

pl urtaknsmitomatiix darthe plorpliguet madepltarmboiitge dhe plurality of
received signals; and iij. a baseband signal

pr od&anypitc Gignady t@ badsenyltaneovsly ciranpmitted opputhe first
atransmt, n?trl fromparanmeters derived fromthe

pl ureRPRynigptipn V’&ng SI gnal s representing a plurality

comon o TER LR Basbathd, SBFRTpHoeRtsat AnJBy et amd second
par ARhSicatifn %Hc\égg ﬁ*ﬁﬂg lﬂfle gf)é’dtﬂr% ﬁ%aﬁggﬁr Ab8rix each

trai ni ng sequence, ase processor

app ltiBe sihlLdre féc@ﬁ%ﬂ‘ﬁoﬂ‘%hé Ioﬂlélocomﬁuakeém&ﬂ debi

nmodes to produce the plurality of transmt signals to

be sinmultaneously transmtted to the first

conmuni cati on device; c. wherein the baseband signal

pr odéssons methiole féri sivhubindesedpncompnnitutingita oplurality of

devices conpute their respective transmt matri x each
sigriale betyeen ¢ fry comemivnichtionodevibe andhe rsecominemingathioation

device. 46, A nethod for sinmultaneously communicating
dexicgusing radjo drequengy SRE) ermnmawvication teshnigies eimepriFog:

£ £ efuoncgOPREE & SRARTRLARRT Ité%?wﬁu%ﬁlé@?%%%’gﬂ%gﬁ igmals to
baséﬁgaﬁuﬁ%%%ﬁsfﬁt@%a%@“%% peihe ;“95%%%{1?%6% via
fr o@f#lﬁ?aﬁ@rcgf}ant% ?”Hé ﬁfhtci‘s}ﬂrﬁ mca n%e%clért%l tlthhey second

t enna conmunit Ca eVI ceto

secg(g}gmlﬁﬁ%gﬂ gadikc Qn deV| ce; b. rece| ving the signals
transmtted by the i rst commruni cation

b. receiving the signals transmitted by the first communication

device at a plurality of antennas of the second communication device to

compute a matched filter matrix from the received signals, said

‘matched filter matrix computed without receiving a separate fraining

sequence;

c. computing from the matched filter matrix a transmit matrix for
: simqltaneously transmitting a plurality of baseband signals from the

second communication device to the first communication device; and

d. applying the transmit matrix to the plurality of baseband signal

to be transmitted from the second communication device to the first

commaunication device.



device at a plurality of antennas of the second

comruni cation device to conpute a matched filter

matrix fromthe received signals, said matched filter

matri x conputed wi thout receiving a separate training

sequence; c. conputing fromthe matched filter matrix

atransmt matrix for sinubganeously transmtting a

plurality of baseband signals fromthe second

conmdihi cakheometboilcel tlaimhd6f whereipo theteptdifotpmputing the

device; and d. applying the transmt_ matrix to the i
trgpapmal matrigs ab fhe sepend comamunication devigeseampriges computing

t he ,second canmmuni.cat i eyjce to the first
ﬂi?o‘?ﬁ‘iﬁ 0 Vﬁﬂo’aé’gfl&%ma%&‘e%ﬂéiterr%%%t hod of cl ai m 46,

wherein the step of conputing the transmt matrix at
t he second communi cation device conprises conputing

the gyth ' i ; h N '

15, She nprBHER AL 45 End BERE b bliEina kb Bt

steps Of rBecibREChYithe Abst! BSnbduribattHMHUR! SRIAREY Wiesignals
plurality of signals transmtted by the second

conrtum graittah evhe sedsit] cofiibiniRgtian datiedeshd ichbhpiting a
matri x therefrom ff, updating the transmt nmatrix at

t he rhatched ddtanumatrat thereftewi;ce from t he mat ched

filter matrix derived fromthe signals received from

t he fsecomgdetinguibiedaanenitdeaine at 4be fifist comniodcation device
claim 48, wherein fhe step of updating_ the transmt

mat fFom dhe phatched dilteromatik derived foemi e Yanplsitsgeived from
corrgﬁti n(g) the orthogonalization of the matched filter

mat PP SEPPAReMpPpLicali 1%ation device. 50. The

nmet hod of claim48, wherein steps (a), (c), (d) and

(f) are perfornmed at each of a plurality of frequency

subyear r rer.s [ - W ipcaryier .

m)dljL ?at [ gﬁ Esgﬁ%ﬁg&u@gﬁfﬁc@r agag‘ﬁhéolfuih% hﬂel%p%elp alolftl)l/pdlo":'ftmg’r the
tr&2eRaAGtrix at the first communication device comprises computing the
orthogonalization of the matched filter matrix of the first communication

device.

50. The method of claim 48, wherein steps (a), (¢}, (d) and (f) are
performed at each of a plurality of frequency sub-carriers associated with a
multi-carrier modulation scheme used for each of the plurality of baseband

‘signals transmitted between the first and second communication devices.

51. The method of claim 50, wherein the step (c¢) of computing the
transmit matrix at the second communication device further comprises
normalizing the transmit matrix such that the power transmitted from each
of the plurality of antennas of the second communication device is less than a

maximum power.



signals transmtted between the first and second
communi cation devices. 51. The nmethod of claimb50,
wherein the step (c¢) of conputing the transmt nmatrix
at the second conmuni cati on device further conprises
normalizing the transmt matri x such that the power
transmtted fromeach of the plurality of antennas of
t he second conmuni cation device is |less than a
maxi mum power. 25 52. The net hod of cl ai m 50, wher ei n
the step (c) of co uting_the transmt matrix

conp¥& sed w&&h% GléF@e§O=fWhe¥%E theavteni(e) %@qmszutmg the
tr%%%’s&ta%ﬁtﬁﬁé%é%% cmping ol ﬁé‘%?%@e;%ﬁ%&t?%a ri¥ such at
eat%Ht ﬁ'@&lﬁ‘(—’f&"xc IFS’axgge‘ﬂi‘o#ﬁe scl)l oq'l t%at al o §§g eggﬁ]@lmgﬂals

con hod of

ac?@é’s 2l F tﬁ@an%nﬁ&é@f‘h&é‘ Gedon@ cq%ﬁﬁ%‘i%a‘tm‘?ia&é%ée A e&ﬁ“ﬁ to a

I rst conmuni cati on device further co
colStapm! i zing the transmt matri x such that t he power
transmtted fromeach of the plurality of antennas of
the first comrunication device is less than a naxinmm
power. 54. The nmethod of claim53, wherein the step
(f) 58f cdlimeutnietlypdt b clafmabtd nwvheran rthe stepif)i sfemmputing the
conputing values for the transmt matrix such at each
tranapie mestrisuatc dhei dirst t ¢nanmymicsitionh edqyéege rfugtherh gomprises

&;iband S|%ials across all _of the antennas of the
nopadizIng th Hiopamib maely suech; that dhg pawerstrapgnatteg from each

of the plurality of antennas of the first communication device is less than a

maximum power.

54.  The method of claim 53, wherein the step (f) of computing the
transmit matrix comprises computing vaiues for the transmit matrix such at
each frequency sub-carrier, the sum of the power of the baseband signals
across all of the antennas of the first communication device is equal to a

constant.




