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TRANSM TTERS TO SUPPORT SI GNAL SEPARATI ON AT A
WQREOROYVER Fi el d of the Invention [0001] The prRGEOS2007/088134

invention relates to the field of signal processing,

and nore particularly, to separating desired source

signals froma m xture of source signals using signha

separation techni ques. Background of the Invention

[ 0002] Source signal separation involves recovering

source signals froma conposite signal, wherein the

conposite signal includes a m xture of the source

signals. Source signal separation includes blind

signal separation (BSS), for exanple. The separation

is "blind" because it is often performed with [imted

i nformati on about the signals, the sources of the

signals, and the effects that the propagati on channe

has on the signals. [0003] An exanple is the famliar

"cocktail party" effect when a person at a party is

able to separate a single voice froma conbi nati on of
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wi rel ess conmuni cati ons devi ces, whie yf dbéﬁ%

bands have becone cluttered wth nunmerous radio

frequencyenmtters, often co-existing in the sane

spectrum The proMeﬂgxﬁ o-channel emtters is

expected to only morséﬁﬂﬁﬁfgééﬁg—f%xi%ﬁﬁﬂhﬁth t he

devel pgooant of Thew poy@it iHenéeBsede Vot & @55 the field of
tecthIo%ies such as Bluetooth and ot her personal area
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(PCA), .independent conponent analysis (ICA) and

SingLH§%ngV§pggal separation technigues.

Background of the Invention

[0002] Source signal separation involves recovering
source signals from a composite signal, wherein the
composite signal includes a mixture of the source
signals. Source signal separation includes blind
signal separation (BSS), for example. The separation
is "blind" because it is often performed with limited
information about the signals, the sources of the
signals, and the effects that the propagation channel
has on the signals.

[0003] An example is the familiar "cocktail party”
effect when a person at a party is able to separate a
single voice from a combination of all the voices in
the room. Blind source separation is particularly
applicable to cellular and personal wireless
communications devices, where many frequency bands have

become cluttered with numerous radio frequency



deconposition (SVD) . PCA involves first and second
nmonment statistics of the source signals, and is used
waob@a/0The2 si gnal -t o-noi se rati os of the sour cePGI/gsNT088134

are high. Oherwise, 1CAis used which involves PCA
processing followed by third and fourth nonent

statistics of the source signals. As an alternative,

SVD may be used to separate a-spwce signal fromthe

m xture of source signals based upon their
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separatiqn technique that is applied, a plurality of
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[0005] Regardless of the blind signal separation
technique that is applied, a plurality of sensors is
used to receive different mixtures of the source
signals from the various signal sources. Zach sensor
outputs a mixture of the source signals, which is a
unique sum of the source signals. In general, both the
channel coefficients and the original source signals
are unknown to the receiver. The unique sums of
signals are used to populate a mixing matrix. The
appropriate blind signal separation technique is then
applied to the mixing matrix for separating desired
source signals from the mixture of source signals.
[0006] As an example, U.S. Patent No. 6,799,170
discloses the separation of an independent source
signal from a mixture of source signals using ICA. A
plurality of sensors receive the mixture of source

signals, and a processor takes samples of the mixture



[0007] The sensors are spatially separated from one
anot her, and the processor generates only one data
wa2eBO7710Dr each respective sensor to create tPEr/tis10a7/088134

set. The 170 patent al so discloses that the nunber of
sensors Nis equal to or greater than the nunber of
sources M, i.e., N> Mfor populating the data set. A
problemw th such an inplenentajion is that as the

nunber of sources Mincreases, then so does the nunber
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have little available volume for a large number of

sensors N, and mounting the sensors on the outside of
the communications devices is a problem for the users.
[0008] U.S5. Patent No. 6,931,362 discloses another
method for separating signals using blind signal
separation. The disclosed blind signal separation
technique forms a mixing matrix with hybrid matrix-
pencil adaptive array weights that minimize the mean
squared errors due to both interference emitters and
Gaussian noise. The hybrid weights maximize the signal
to interference plus noise ratio. As with the 170
patent, the sensors are also spatially separated from
one another, and the number of sensors N is equal to or
greater than the number of sources M for populating the
mixing matrix. Moreover, each sensor provides a sinéle
input to the mixing matrix resulting in a larger volume

area for a portable communications device.



characteristic. Multipath occurs when a single data

transm ssion encounters obstacles that cause it to
wapioso7imr o mul ti pl e versions, each taking a dpET/E8MN11/088134

path to an intended receiver. [0010] However, the

synmbols within a nultipath signal nay be tine shifted

so that when they reach the intended receiver, they

may cancel or interfere with other received synbols.

Alternatively, nultipath may not even exi st between

the sjqppal] sourre Amdk tdee thal @RdeHqgr REEEMETEhAS Rtermines

consequence, the nunber of linearly independent signal
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intended receiver. As a consequence, the number of
linearly independent signal sums received by the
intended receiver for both of these cases may not be
enough to populate the mixing matrix for signal

separation.

Summary of the Invention

[0011] In view of the foregoing background, it is
therefore an object of the present invention to
generate linearly independent signal sums so that an
intended receiver can populate a mixing matrix to a
rank size sufficient for signal separation processing.
[0012] This and other objects, features, and
advantages in accordance with the present invention are
provided by a communications system comprising at least
J mobile wireless communications devices transmitting
at a same time, where J > 2. Each mobile wireless

communications device transmits a source signal defined



time periods, where L j > . with at least one Lj > 1 .
[0013] The term undul ati on, as used herein, thus

WO 2G08/0%710D transmt pattern contours w th var yPEIyUS2007/088134
gai ns, which may or may not display degrees o f
symretry. This is acconplished by at |east one o f the
synbols in the character set being transmtted at a
di fferent power |evel so that-the transmtted source
signal appears with L linearly independent power |evel
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source signals provided by M signal sources, where M >
2. The J mobile wireless communications devices may
provide J of the M source signals including up to
(Li*..*L;) linearly independent power level time periods.
The fixed communications device may comprise an antenna
array comprising N antenna elements for receiving at
least N different summations of the M source signals,
where N > 1. A receiver may be coupled to the antenna
array for receiving the at least N different summations
of the M source signals.

[0015] A signal separation processor may be coupled
to the receiver for forming a mixing matrix comprising
the at least N different summations of the M source
signals. The mixing matrix may have a rank equal up to
at least (L;*..*L;). The signal separation processor
separates desired source signals from the mixing

matrix.



comuni cati ons device can be used to popul ate the
m xing matri x for signal separation. [0017] The nobile
W@R0080ZEH82 communi cati ons devi ces may use tinme BCT/HHA7/088134

slots for transmtting the source signals. Each nobile

wi rel ess communi cati ons device may conprise an

internal clock for setting their own timng to

correspond with the tinme alignhed slots. Aternatively,
the fixed comuni cations device nmay conprise a
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so that the mobile wireless communications devices can

set their own timing to correspond with the time
aligned slots.

[0018] In creating the linearly independent power
level time periods, the amplitude of each symbol in the
character set may be constant, with at least two of the
symbols being transmitted at different power levels.
{o019] The fixed communications device may be part
of a base station so that the communications system is
configured as a cellular network.

[0020] The communications system may further
comprise at least one fixed receiver associated with
the at least one fixed transmitter, and wherein the
wireless communications device may further comprise a
mobile transmitter for providing feedback to the at
least cone fixed transmitter via the at least one fixed
receiver on transmission of the at least one symbol in

the character set at the different power level. The



desired source signals fromthe m xing matri x based on
at | east one of principal conponent analysis (PCA),

W0 p@epznaent conmponent analysis (1 CA), and si neCEUSHDUEBS134
deconposition (SVD) . Alternatively, the signal
separation processor may separate the desired source
signals fromthe mxing matri x based on a know edge
based processing signhal extractyan process. [0022] The
antenna array at the receiver may be configured with
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[ litting for further popul ating the
Slgr”gnég%na e e%ents may comprgsg correfgted and/or

uncorrelated antenna elements, wherein each element
provides a single input to the mixing matrix.
Alternatively, a portion of the antenna elements may
have different polarizations for populating the mixing
matrix.

[0023] Enhancements may be made to the antenna
configurations so that additional or replacement
summations of the source signals are collected to
further populate the mixing matrix. Array deflection
may be used in which the elevation of the antenna
patterns is changed for receiving additional summations
of the source signals,.

[0024] Path selection may be performed so that all
of the summations of the source signals used to
populate the mixing matrix A have suitable correlation
(1°® and 2™ moments) and/or statistically (3*® and 4%
moments) independent values. In other words, the

incident signals are selectively chosen for receiving



m xing matrix may be performed. The different
sunmati on signals may be split using spreadi ng codes.

wO 2008/03umrat i on si gnal has k spreadi ng codes, P¢ENS100H088134
particul ar summati on signal may be processed to
provi de k summati on signals associated therewith. The
different summation signals nmay also be split into
i n-phase (1) and quadrature (Qgconmponents to further
popul ate the mxing matrix. The | and Q conponents
thus a6f AsmdtABhbi BFi e ok de0ihRg1 T ¥b NEegBIdd Xhe
[ 0026] Another aspect of the present inventionis to a
net hotPt i0p8r &PRrRge B CtimAsizcalrsad apdf@msdstistically
defi nia,ggeq;k&l\g%ﬂthheg Sescdd iy iy of the Drawi ngs
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d res i.nyention. [0032] FIQ 6
Iagcgr% g%l\g:eég?gn?o °% H aﬁ’llé‘ﬁﬁg BRFLX vonfi gur ed

W th ooi2#i zedanstieenoa P RIERIESthd present invention is to
a method for operating a communications system as

defined above.

Brief Description of the Drawings

[0027] FIG. 1 is a block diagram of a typical
operating scenario in which a communications device
receives desired and undesired signals from their
respective signal sources in accordance with the
present invention.

[0028] FIG. 2 is a more detailed block diagram of
the communications device shown in FIG. 1.

[0029] FIG. 3 is a roadmap of the different
approaches for creating the linear independent
summations of the source signals for the mixing matrix
in accordance with the present invention.

[0030] FIG. 4 is a block diagram of the antenna
array configured as a switched beam antenna in

accordance with the present invention.



accordance with the present invention. [0033] FIG 7
is a 3-dinensional plot illustrating the use of

W@ 2008/0T1162 i zati on in accordance with the presePCT/US2007/088134
invention. [0034] FIG 8 is a bl ock diagramof a
conmuni cations device with an antenna array conpri sing
correl ated and uncorrel ated antenna el enents for
provi ding different summations §f_signals for blind
signal separation processing in accordance with the
presepdodvent ires. 50035] Fildax %1a§r§mbbgcghcg'aﬁg:re%Wa0f
a conmuni cati ons devi ce operating based on array
def | 2¥5h FREigrsefdenge dtidsederr radniat fopardfnce with
Si gnadse fﬁeskglnltnqn%gg@gmsepar ation processing in
accordance with the present invention. [0036] FIG 10
i s bl RIS agr &&Fef 6aiswk telnak ddagramt efinthavidriteama
el ev i I [
el evgétflo of ;f%gg%tgénng{h }%tlgaﬁ%zgﬁ éggo %n%:%"\%}\tﬁ lﬁ’
pr es extcanfpace unth[t)l@%@ré‘éle@t Lhvestaonant enna pl ot
illus ng a nt n
di rec{(l{o’cj)gnd and t%ﬁgh ?o at e? SlOf"eva %Jc))tgu S |a6:rl1ng
in redponse od thé- pblamaizmmmonhr abberdaﬂmd:elsft:rtat @thel N

FIG rérésel[ QO%%]VGI@ 12 is a block diagramof an

Tement Wt an RF choke formed in the gr ound
pI ane[GQﬁM]r ot aFildg 8hiks amtkelnk riatatgeam on 4 hfbmmunications
el evation_direction_accordance with t rese
iveriToEe 850 PR RESR R v e BRRE U Y ciirifielated and

comuumatriedas edesh tenmy ef ladnieng sh@sedp o8v PRIy different
sel ect i onfar rO\Iu di n di fO{?er ummat i ons of si.gnal s
For ETHHI CogRAP L SObATST oif o edCRas PHEnF b e
Wi t h piecdds@ngnini ayestdaive WAQAOLhE! freddnt Sirvddlcaok .
diagrfggéyﬁ a FIG. 9 is a block diagram of a communications
device operating based on array deflection for
providing different summations of signals for blind
signal separation processing in accordance with the
present invention.
[0036] FIG. 10 is block diagram of a switched beam
antenna with an elevation controller for selectively
changing an elevation of an antenna pattern in
accordance with the present invention.
[0037] FIG. 11 is an antenna plot illustrating an
antenna pattern in the azimuth direction and then
rotated in the elevation direction in response to the
elevation controller illustrated in FIG. 9.
[0038] FIG. 12 is a block diagram of an antenna
element with an RF choke formed in the ground plane for
rotating the antenna pattern in the elevation direction
accordance with the present invention.
[0039] FIG. 13 is a block diagram of a

communications device operating based on path selection



conmuni cati ons devi ce operating based on spreading
codes for providing additional summations of signals
wo e008lotiiml si gnal separati on processing i n accRPCTHHIMO7/088134
with the present invention. [0041] FIG 15 is a block
di agram of a communi cati ons devi ce operating based on
i n-phase and quadrature signal conponents for
provi di ng addi tional summatianggofl signals for blind
signal separation processing in accordance with the

presefdr igPeRkiag- of P84 n FlsGmmh® ibss aofméfgx%‘?ﬁcfaiéo%dblind
block_dla%ran1of an i n-phase and quadrature” nodul e
connethER 't §eRATARt P RE ISR A8 sheordanceivdthishe

[0043 Gt 1Avbat@dnillustration of a receiver
receiving undul ated transmt patterns in accordance

wi th E4P4%3r eseREIG n¥ents on blogd4diagt@ d8 4 s an

illu i 3 r j ver Lvin ul at .
tranryeenabedi o) ORI orezat by HUSIAA Bbeaging
accorehitse fprt hrohedine seitti tilwnedt sonma f DOUS o fFlsGgnals
is ansJJ | aLi f iye [ Vi ng scal ed .and
ot atsd baaurarsd T e ek erRESSLng Tt EePhe iR
r ot atwdidthurtdlel predent alrsrent ijpat.t erns i n accordance with

th toi tipn.. [004 I 20_is an

i | Fug@tﬁﬁonl gg?g’ Lgymh%iacgtq?oggs%ﬁgf%%?ﬁ &hi ch

| i neardmmuinide ptone nde ypiowe opeeaeling i hes@eromdsn-ph@se and
ived b ' f fixed transm ssi on, poi nt

e BB S R EPE VAL R

pr esenimmaniensi ofl. § Dfdlls Flo@ b2ind Ss g Disefartakgon
transmt pattern contours shown in FIG 20 bein

g ..
undulPACEFSPARE 11 Nt TP EGTEN ¥ TRnbWh RTPIHY A@vERTien-
[ 0048JooRk® 22Fis. ardliock eorerast@iléd block diagram of

an in-phase and quadrature module connected to an
antenna element as shown in FIG. 185, A

[0043] FIG. 17 is .an illustration of a receiver
receiving undulated transmit patterns in accordance
with the present invention.

[0044] FIG. 18 is an illustration of a receiver
receiving undulated transmit patterns that are scaled
but not rotated in accordance with the present
invention.

[0045] FIG. 19 is an illustration of a receiver
receiving scaled and rotated undulated transmit
patterns, and un-scaled and rotated undulated transmit
patterns in accordance with the present invention.
[o046] FIG. 20 is an illustration of a
communications system in which linearly independent
power level time periods are received by a receiver
from a fixed transmission point at an infrastructure

site in accordance with the present invention.



conmuni cati ons systemin which undul ating patterns are
used to support nultiple transmtters transmtting to
WO b@8ezITe2 access point in accordance with the PCEESU7/088134
invention. [0049] FIG 23 is atinme line in which a
synbol period has 12 variations (i.e., 12 chips) while
the paraneter being varied is held constant for 4
sequential chips in accordance;yi th the present
i nvention. Detailed Description of the Preferred
Embociawss (00981 Ihe; presamt baveRL ohoylhd. AN RS,
described nore fully herei nafter wt Perenc
accorfathAwY§ ahawpng% FI1G. w9 @I?lpgeﬂedub@lt%drtmmarrﬁmnsng
of t hgduyasenat kggwgrgo 3 ? i nvention may,
however, be enbodied in rrany férent forms and
shoul PO48] be EdRst2Uets as Ylowkt ddagoamhef enbodi ment s

set f th nts ar
pr ovi so%tgﬁgtgn? E@i&e g noglzl(rigﬁ\?\pﬁ? ge Jtrf%rpoggtﬁrgﬁdare
con‘pluﬁeei, tanéumpbttfmnhlt;apﬂ@n\mrynsmetsenpetﬁnstrdmtlng to

i | J the art, un
ot o 15 B ERRe et sl G e o Shke i WoRRERGR:

is usierdretnc!:ibndl cat e simlar elenents in alternati ve

enbod s. [ n, co ni c tlons n rks th

ar e s%ur cé si gggﬁé %t]eﬁwda lf"Sr éngpje'&l‘f ’\cﬂq‘
conmrdadi bas U2vvaeiatnthst Ere. ar 2 SeiEs Sdlﬁlld She
i nt ended f%r of her comunj cat Té\hde\/i ces operating
wi t hiBf e84 ef?‘éq‘ﬁ%‘f‘ﬂﬁfj BEndeIMERN SR & gnal
encowdgentabst arips ihalccoadsackt wien Stid tprdiledt
mul ti pl eversi ons, each taking a different path to an
i nt erfd®¥&™F&CBi ver, multipath occurs. There are al so

sources of noise which produce signals that are not

used for_conmmuni cations, but are received by the
Connunlcgﬁtaﬁﬁfd Description of the Preferred Embodiments

[0050] The present invention will now be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may,
however, be embodied in many different forms and should
not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided
so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like
elements throughout, and prime notation is used to
indicate similar elements in alternative embodiments.
[0051] In communications networks there are source
signals intended for a specific communications device,
and there are source signals intended for other
communications devices operating within the same
frequency band. When a source signal encounters

obstacles that cause it to split into multiple



devices as well. [0052] To facilitate decoding of the

source signals of interest, blind signal separation is
wa@eedoraoseparate the signals received by a  PCT/US2007/088134

comuni cati ons device. As noted above, the term

"blind" refers to the fact that in an ideal case the

signal s can be separated w thout any know edge about

the nature of the signals or _t 515 transformati ons that

occur due to interactions between the signals and the

commupy n r enent ati.ons

any kno o(ijgé tE F ?%k%%ﬁocﬁﬁgelgg of ”Q{h eg(o 1% tlé’&ehfjﬁd

t hi s xeasd verhemsil jipéd tls epamadsi. onThereeare bd]lsrtd soudaks] of

Thre l, chni qu at fall_under blind

si gna serggg’?léf\époﬁgg?égpr“ ha §§| E(E'S%‘p%’ﬁ%n? O HSsiEeT

( PCA)gonmubdpandens, clmmmmmtreaﬂakryel By (t€&A)con@thications

Si ngu%eavrlc\éal ue degﬁrrpositi on (SVD) . As long as the

si gnats arée PRd¥pendent in some neasurabl e

char aptos2iist i cToaﬁaicihttahﬁ ldegtiogliny SEHMBhérsdburideeaihyals

|ndepe dent frg gch ot her,. one or pore, of these

paP

bl i ndsi*hrEres 1Y 1B PERAS A R bkS Resd (6

Sepal‘sﬁﬁp%rlaﬁtdelﬁﬁédgﬂtﬁn@ls desdeieddSBYT § EcSirilital datiba’ a
m Xtu e of t he sourc; naI s. The rreasurabl e

char st | £S| Bobed P (?me thenberat | Bhind” teders, §p, the

SeCOﬂﬂactt had ©h &QUiddnIMERRt $hef si§RaBd AN Se QBathted
PCA vvhltens the signals, uses first and second

nomerfiit hoxkq apyt 5?%%1?%? dheats sheppgkr o P dheelsigrahs

propesd it@e. L.EEnE h@rrﬁétﬂi@{s tt@la'ﬂobééuf ahOst PfidthGactions
source Slgna S are at e Slgnal Separat|0n process
x@@%5]

can RGFeRPt KhPCALY ng thige CoMPwRL catolapicdenngti osIn
of ”’;?raSR%QQ %gmhén*agﬁdn%w, ahperanwl%&{ag%étte&st he

source S|gna s based on statlstlcal attr tes
|nvoIQMQﬁjaPﬁé ipi pftemexploited. In this case, the signal

separation is semi-blind.

[0053] Three commonly used techniques that fall
under blind signal separation are principal component
analysis (PCA), independent component analysis (ICA),
and singular value decomposition (SVD). As long as the
signals are independent in some measurable
characteristic, and if their signal sums are linearly
independent from each other, one or more of these blind
signal separation techniques may be used to separate
independent or desired source signals from a mixture of
the source signals. The measurable characteristic is
often some combination of the first, second, third or
fourth moments of the signals.

[0054] PCA whitens the signals, uses first and
second moments, and rotates the data set based on
correlation properties. 1If the signal-to-noise ratios
of the source signals are high, the signal separation

process can stop with PCA.



fourth nonents of the source signals. Wen the source
signals are Gaussian, their third and fourth nonents
wa@e@sgdzpendent on the first and second noment SPCHO0DTHES134
i s capabl e of separating one Gaussian signal As an
alternative to | CA and PCA, SVD separates source
signals fromthe m xture of source signals based upon
their eigenvalues. [0001] As_apzalternative to blind
signal separation processing, signal separation

pr ocegsgssy rmYI?et}bés%x%rl@okﬂe%gdggtﬁ@ss%jf the source

processi si gnal extraction process w edge
baseoFlsﬁ“tj‘srél agepheyt | Grempriddesepacphe ait de tdrungesisigdals

sourqeas%ldg%?u §t££9£'11 e 'Qt’%'r?%u@@&ri?:‘vgf‘@ﬁpgngﬂ elthird and

| east one a zero or cing (ZF) process
m ni nfienakbanongobs edf egtd meirgr §MUBSE) s pr dess thosource

exanpélegna[lgo MQL ﬁa&yﬂ[ural@%%@agh?rasau'fg%}zft%t ﬁ%ieﬁts

FIG 1 nal = sources
t r ansyriet d@@andensl gmattlse ﬂ.rsfhenéoaecm¢|W®522 aadeICA

ransiy 118dy10 2edlLeetan pasgdcupol; generatad,, o,

ant erina B OCI a W th each resspegc
si gnadltsowacevE20to THeA mnd FICAL Yy SUb segmadtesa)wqmzmzo
i ncl ude a.fi rst S naI ource 20 t hr ou

si gnal* &8dFcE798, ril_lf’f( S&f ¢ 3}?35?)’9%%}\; b?&ﬁ:a gpon
Si gnairﬁalafelgeﬁeabmd 22(1) -22 (M and the

corre n ntenn beans .are referenced
R Y BB 7 e rerb Ll F O iaa gkpagation
ut i | | et eisB 1 agmrungxeaat | St et var k8ot s § ey fniympef based

omi-dire ant enn atter ns or.directional
it o EheaT Bta8 TEEA0R B RLNRa L s Shd P Sl tope

comnﬂﬂa“o@tslsonswﬂevm@féhgeewmsSaghaneﬂpm@oﬂabteeess
(m xture) o fthe source signals 22 fromthe signal

sour EPIFALepr thhedetintt sOUgREI §19921 2 aktrn ﬁé‘eaﬁ‘tléﬁﬁg
arr aynatd iRy bhWed on at least one of a zero forcing (ZF)

process, and a minimum mean squared estimation (MMSE)
process, for example.

[0056] A typical scenario is illustrated in FIG. 1,
in which a plurality of signal sources 20 transmit
source signals 22. The source signals 22 are
transmitted in a direction based upon generated antenna
beams 24 associated with each respective signal source
20. The plurality of signal sources 20 include a first
signal source 20(1l) through an Mth signal source 20(M).
Likewise, the respective source signals are referenced
22(1)-22(M) and the corresponding antenna beams are
referenced 24(1)-24(M). More straightforward
implementations are often utilized in communications
networks in the form of omni-directional antenna
patterns or directional antenna patterns.

[0057] An antenna array 32 for the communications

device 30 receives a linear combination (mixture) of



or nore paths, they then beconme known as nultipath

signals. Causes of multipath include atnospheric
waeleesionty92 i onospheric reflection and refracti oPCT/HR2H07/088134

reflection and refraction fromterrestrial objects,

such as nountai ns and buil dings. [0058] The antenna

array 32 conprises a plurality of antenna el enents 34,

wi th each antenna el ement pravijdi ng at | east one

| i near conbination (m xture) of the source signals 22

from ¢he sjgeal 539H5§§3220fr0-5h31h%ms§§1391e {]teté 2'64 he:

include a first antenna el enent hr oug
ant entl}€ SIVHRSEt S3APAYS 2DOBTCTHREEr éeéeve@l zsmx:& by two

si gnabs Al patr??, (Meer&ém'ﬂa&&n Y kb &HEQS @50& gath

m xing matrix 36. communi cat1 ons eV| ce
bl i noSITHA- §épapatpémwb%mmegcﬂgddeammmrac

separ@semgm%hessgﬁeé% ﬁeeﬁaerca&'oﬂgahaeréfygcuo% gnals

in the mxing matr e separated"si
r epr esehtest ligp ﬁeﬂereﬁc@ce@n [ﬂ@@O}eThestmam rokgiadtens

devi c é'pésokn'%h¥gf?§%r§r%5:i\}lrl%l xture of source

signal s receive he antenna rray 32 by sanpling
an angQ,ﬁjdte oﬁ‘heonpb@mmaa afraynd2r eompyesesaurpglmrality of

si gnal & -Lhaytrknow sgoe, ofy Lher Jgharacteristics.

The out put of "eac ehna el enent
sunmatrioridihgt he isealsceorm dnalear22oabi gat hawvi g NeeB) of
convol ved with the Uéa € res nse, of

Y

he ch |,
e e har BF po8 L WS o2 RB bUTBA G o8- The

€ propaga
SI gnadnmmracelaﬁieansi lhelrmmmdet aoffiast a et &llement

34 pl d i, t G n noi se. 006

comguéjnﬂ:lgt 35@%&?%: 11:-”}% o1 0ép& 8’?‘??&%} %%ﬁ\"ce si gnal s
provi pEsaly t heh Se@élﬁiedcsllﬂﬂulﬁeé Bﬁéﬂé%s 284 d) Atm‘?:‘??;@%
be di eater detail with reference to

o rRd L 2aPreS Bhed A i B NARE Er RS i &

34( 1)condthiniNhtiohsr @seiod IBD WgebOb@ind signal separation
techniques to determine a separation matrix 38 for
separating the source signals in the mixing matrix.

The separated signals are represented by reference 39.
[0060] The communications device 30 jointly extracts
the mixture of source signals received by the antenna
array 32 by sampling an aggregate or composite of the
received source signals without knowledge of their
characteristics. The output of each antenna element 34
is modeled as a summation of the source signals 22
after having been convolved with the impulse response
of the channel, i.e., the propagation path between the
output of a signal source 20 and the output of an
antenna element 34 plus additive Gaussian noise.

[0061] The communications device 30 for separating
source signals provided by the M signal sources 20(1)-
20(M) will now be discussed in greater detail with

reference to FIG. 2. An antenna array 34 includes N



| east N different sunmations of the M source signals,

with N and M being greater than 1 . The antenna array
w@2200887102 |imted to any particul ar confi gur abCDOS20071@88134

antenna array 32 may include one or nore antenna

el ements 34. The antenna el enents 34 may be configured

so that the antenna array 32 forns a phased array or

swi tched beam antenna, for exaggle, as will be

di scussed in greater below [0062] A transceiver 40 is

onne&{%n@\a@ahes@gn i@fi)h%@(%t)e%? BEEAYv By T o at

receiving up to the at | east ferent sunmati ons of
t he Mestilr deddf§AEPRL 2ummR thoncesSorha M| souunstigaads

to tNedT 3366 UChe iy EUERJNRHIR 1NC PIOCERNAAE Lay

il ustra_ted separate Tormthe transceiver
proce¥sds mey Alnbted Wuﬁﬂ)d@@rwlt:hﬂ-ﬂrﬂh@nﬁxmelovar.The

The darréﬁ%maﬁ%gyng% ;rgngvg{clgfgj% %é%gﬁ?ﬂ %aé %n%Z

recel ve are use O popu at e
t he rﬁb@m@gﬁtﬁfaﬁﬂl x Bde dnfeenmaxiedgmantsi 34 3Gy de lwenfigured

Processeq,ay ¢ Qeaf?{%@éfé@ rf‘?szs%g?xt%% 5‘9;?@ J Al oarra or

processi ng nn ul es e proces or
42. [s}G@]herhéebim mﬂtsmrgmalfosrepaampllen 3% ociglsls ibreg

nmodul lLude a uI e 44, an | CA nodul e 46 and

an \f% %%Ieé ig ese rmdll?l €s 44, 46 and 48 may be
confippPé2d as pattamfceivdn Ad ssguahnsep@d afdwaistream to
processo erates based on the

P et Rt aeB A RoREAE T CRESaVT Par Eh L thhfactonast N
of t hiififerenvedumnat Lensighahe, MWBeneas éhﬁndl@Azmduhe
46 operates based,on the third _and fourth nmoments

he ERRERgRatg. LTS AR Ha phF AT g agy  Bven
separiidugh hasefdroces e euzgarsvallmeStﬁitédnasébafﬁa%elﬁbrm
sunmat.i ons of the re (S,iv d source signals.[0064] The

corr €t i('GANHFBLEEE| & PACLgSsor may also be included

within the transceiver. The different summations of the
M source signals 22 received by the transceiver 40 are
used to populate the mixing matrix 36. The mixing
matrix 36 is then processed by one or more blind signal
separation processing modules 44, 46 and 48 within the
processor 42.

[0063] The blind signal separation processing
modules include a PCA module 44, an ICA module 46 and
an SVD module 48. These modules 44, 46 and 48 may be
configured as part of a blind signal separation
processor 49. The PCA module 44 operates based on the
first and second moments of the different summations of
the received source signals, whereas the ICA module 46
operates based on the third and fourth moments of the
same signals. The SVD module 48 performs signal
separation based on the eigenvalues of the different

summations of the received source signals.



performed by the PCA nodule 44 determnes an initia

separation matrix 38(1) for the different sunmations
w@Rooslz718bur ce signals, and the | CA nodul e 46 P¢ENS2007/088134

det erm nes an enhanced separation matrix 38(2) for

separating the source signals in the mxing matri x 36.

If the signals are separated by the SVD nodule 48, a

separation matrix 38(3) is alLsggdeterm ned for

separating the different summati ons of the recei ved

sour cpggagnal sthe therdi &g ?%E&s?ﬁ 11fy om
each respective separation ma t he

separRidPrErgnaY st A Pt prasiidst 44 é?tﬁﬂé‘f'm%fh@@ Aoibénl
39. Th®asaRrabat ﬁgtﬂ.}gnﬁ fl)B%otrhgﬂe ugder 90, & g;nlﬁr!matlons of

anal ysis by a signal_analysis nodule 50 to determn
whi chFhs @l%‘lr§eaf5é9@4il$ntémdesfrﬂ’eaﬁél’svmp@hlgl%ﬁ]aih@nar e

i nt ergeecreermneénaﬁpé’ﬁﬁﬁgéésqf’gngféﬁ?‘é@ggﬁ‘tTQ:; ; Om%%eg for

modul e 52 processes t I's out si gnal
anal yESP2 rasdnBetBO. s¢WOB6|sithe ldetn stlod roikindy clatrix 36.

si gnaj s qfe e ol ve .t h
final si gnalsgénggg %Ilgcod{é%)é EQE gkv?%%céémtnhogeule 48, a
appl isspares ippymaar ix f3# (I)ddst el yo nge t entreifest eflox and
subtr t| e r ifferept su tions of ,th
r ecels'\a/e ggﬁbgem&é gérig%gereélnd SPﬁ@ﬁgf%%%l;‘m% e rregge,ggg
Si gnadottr@easmgrxeimrm deeodexingnmé b 5x c¥&e, the

si gn interest are the ones that ultijnatel

up be ng r]ej ect &d" T?ﬂhﬁes?ﬁgtllﬁ?o?ﬁ%?‘fﬁ%cf”e&‘ %lf‘hge(l)'

PCA 3 e 4Hei separutiagliasigmalef asé gf@ﬁe.%dted by is
assurre% that N |li near

i ndegdél SéﬁPCSOH‘b%eeﬁt%JnarLer%(?b%P%ﬂtT%o%’fﬂnaI]ﬁ gen&ran,

bot h urle rgbasnghaT cffliydienby aj Kiqmsll t4ea16/9i¢i Rdbule 50
signals sk are unknown to the transcejver 40. In

mat 150 AGFAFPERS (1 AbGi@7ges BFe Of interest and which

signals are interferers. An application dependent
processing module 52 processes the signals output from
the signal analysis module 50,

[0066] The decision on which signals are of interest
may not always involve the final signal to be decoded.
For instance, the application may call for identifying
interferers and subtracting them from the different
summations of the received source signals, and then
feeding the reduced signal to a waveform decoder. 1In
this case, the signals of interest are the ones that
ultimately end up being rejected.

[0067] The information fed to the PCA mcdule 44 is a
unique sum of signals x5. It is assumed that N linear
mixtures Xi;,...,%xy of M independent components are

observed:



equations may be conpactly witten as x = As, where A
is the mxing matrix. The statistical nodel x = As is
wak®s/oknewn as the | CA nodel. Traditional techPCTUS207/088134

try to find the inverse of the channel: s = A 1X .

[0069] The I CA nodul e 46 determ nes a separation

matrix W, and y = WAs) = W. The vector y is a

subset of s in unknown order .wjyh_scal i ng changes. |f

all the signals are not separable, the nore genera

formwould be y = \s) + = Wi, wheye the
addi tional n ternf%&ffhéﬂngidﬂ&ﬁcxgié%“&u jto t he
uni dentifiable sodrces . [0070] The I CA nodel is a

generative nodel, w)eh, sHns-bhatl)it - dgsg()bes how
the observed data i s generated %y a process of m xing
t he conponents st . The ingependent conponents are

| at ent vari abl es, FA a5, hﬂtwﬁhﬁﬁ)eannguM é directly
observed. Also, the mxing matrix A is assuned to be

unknown. All that is observed is the randomvector x ,
and A and s are to be estimted based upon x . [0071]
The st%ft88Ing pdrngereraloa hoth fheashanpel orrafficiehss a,
conmponents sk are statjstically independent. Moreover,

it Qs greAapat i 9iiependdRt CoMRIMeHRSs Sheat
DSt (AR ANGM kD, 3 FRURAAL ALSLEBNURN 2R QU8 o

signal wth a Gaussian distribution atton 18
t o t haveddonshmaytbe ¢dmpattriynmemt toénaaSavissizan sihgmnal A

amongst O RS a7 2 b - AfRbI Ty ¥ rhds is
unknairsarikniong aat the KA scaiedunelraoi biosduafehniIuss
T L Ty AR
can b@oedllaxedTht 1CAEsmdAR MENngedsriheesignalparakiane
matrix W, and y = W(As) = Wx. The vector y is a subset
of s in unknown order with scaling changes. If all the
signals are not separable, the more general form would
be y = W(As) + Wn = WX + Wn, where the additional n
term is the residual noise due to the unidentifiable
sources.
[0070] The ICA model is a generative model, which
means that it describes how the observed data is

generated by a process of mixing the components s, .

The independent components are latent variables,
meaning that they cannot be directly observed. Also,
the mixing matrix A is assumed to be unknown. All that
is observed is the random vector x, and A and s are to
be estimated based upon x.

[0071] The starting point of ICA is the assumption

that the components s, are statistically independent.

Moreover, it is assumed that the independent components



statistically independent in sonme neasurable

characteristic, the separation matrix Wcan be
wa@leqoeomitped. [ 0073] The rank of the m xi ng matPECRUSR007/088134

det erm nes how many signals can actually be separated.

For exanple, a mxing matrix having a rank of 4 neans

that 4 source signals can be separated. ldeally, the

rank of the mxing matrix A sheyld at |east be equa

to the nunber of signal sources M. The |arger the

rank ot BE HBLE BlAbAn Wdh 628,00, PEPAALST HuEs oh rne

nunbeﬁ sour ces I NCr eases en so

requidmid sigmaer woth aemtmﬁlnea&et;slbhquhenHlQa%&@n is
*362 patents discussed in the hackground section both

di scl tondbetr hachuntl Qe dhtEAnEoRe RNt & [Faysgian

equals 1haQr igr 0at 8Rd LR dd1@ hnuBReht Of s Sirgﬂaétl%%%&‘é%ble
M, e., N:> M, otherwise a technique other than
b||FKFQﬂQﬁ%¥ Gagparal i o¥N& S0 be used to separate the

si gnajg72]( 007#1:#@1&1;5@1@:&@)’ %én{iﬁfcﬁo&&fmﬁ{ﬁ@ 'm'é\QrEQeA

i nearly independent suns ignals 1s to use
uncore|agsEgedehg obs, Squaéfe tﬁ’éu§en§b¢smm1%ers[§>£ced at

| east; ipaKALARIL dﬁ%ﬁﬁﬂté'ﬁ%”b gag1apet e r of

wavel ength i s base on the operating trequency of
t hec cHRARTVESt Iﬂéh‘éuﬁ%ﬁu céla@veThethi gensymmptdon can be

uncorJ gl t d ace, ut caorrel ol ari zati on
and |’{1661§% (fa E:Tﬁl R undsr &g &3 glté%s%lr%n%r ovikd& N
sums élfat'llslﬁﬁééh.y | neleqanirnt: $ho8ahe  madlaAach

sensor. provides a single entry into the mxing matrix
A . [BErSCtRrishifmptht WRATRRACBf M@ helHi W feane e

appr eaghesihen . creating the |inear independent
sunmat i ons of the source signals for the mxing matrix

A wi 1100731t i al The beari sl dded miking redieriende ded epmines
Af RS halll 88 ghHt 4 QUL QUa183CHe 2PR5 LALLM | Irohe

example, a mixing matrix having a rank of 4 means that
4 source signals can be separated. Ideally, the rank
of the mixing matrix A should at least be equal to the
number of signal sources M. The larger the rank, the
more signals that can be separated. As the number of
sources M increases, then so does the required number
of antenna elements N. The ‘170 and ‘362 patents
discussed in the background section both disclose that
the number of antenna elements N are equal to or
greater than the number of signal sources M, i.e., N >
M., otherwise a technique other than blind signal
separation is to be used to separate the signals.
[0074] An industry standard for creating the
linearly independent sums of signals is to use N
uncorrelated sensors, i.e., the sensors are spaced at
least a wavalength apart from one another. The

wavelength is based upon the operating frequency of the



di scussed in greater detail below [0076] The first
section of the roadmap addresses enhancenents that can
wWheooaadaoon the transmitter side of the conmunNPCEUBING088134

link for generating |inearly independent signal sums
so that an intended receiver can populate its m xing
matrix to a rank size sufficient for signal separation
processing. Block 90 representggnobil e communi cations
devi ces, and Block 92 represents transmtters at an

i nf r agdrimiflita® 18ht Cde POt . t HpsenbLogks fead into
the RF channels (Block 94) , which in turn provide the

RF sigisrelgtedeinexpacoctiudn correhetedabmmplarigation
ant endiy 1iC @&k . COMhL QWNHd21% 12t £H0 t oRd
section o'lf th\é:J roadmap, Bl ocok 108t%gp%%ésé#ks &%‘ﬁ%% N
uncorfwtsatodd 1éaRast ¥, Lndrrasidendashosahsorvhr ey iecded aensor

si ngl e jput 405t he) g & A - -
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ar r ayl@®t’di desAnobedpire enmutd ine pbptheatdi ffegramtxi ng
mat ri . Bl.ac 0 re a tenna.array,
wheréﬁﬁégaﬁgfgigﬁ}oérg%%ﬂgLﬁgﬁnzﬁgFéﬁEn?égh%ﬁggnt

corr sduwired iand thethet snnaceelsénpais bavethh friierient matrix

pol arj zat.,i-ons . ing the mxin trix A.
bt £ b et icans B PERSe 2 ke o8, B Fh "SR gk 2o Frc. 3.
ar r aysf mddre bsédf byn Bt ables: ibH0, €26 applr dh nE) lbde

conbi ned in Block 106 to %rtﬁeg ﬁOﬁulate t he m xi ng
mat r i SN BLEc k19852 F 0 78 e PPAPYd section of the
roadnEqD7eddr esshe ehhehcasaiiion b@ the sod@IR daRcek¥es
confi gyrations grovided in the second section.

" The .
enhar DOREE Pt < (afMa48dPD| bRSI CEAnSitEeT side

repl aserotet conffiAlcotbory Lk Four §enstHBIS 1dRarly
collected to further populate the mxipng matrjix A .

B|OCHJf5§an98FV§§g%ﬁ ms so that an intended receiver
can populate its mixing matrix to a rank size

sufficient for signal separation processing. Block 90
represents mobile communications devices, and Block 92
represents transmitters at an infrastructure site.
Both of these blocks feed into the RF channels (Block
94}, which in turn provide the RF signals to the next
section of the roadmap, i.e., antenna receiver
configurations.

[0077] In the second section of the roadmap, Block
100 represents uncorrelated sensors, wherein each
sensor provides a single input to the mixing matrix A.
Block 102 represents a correlated antenna array,
wherein the array provides multiple inputs to populate
the mixing matrix A. Block 104 alsoc represents an
antenna array, wherein a portion ¢f the antenna
elements is correlated and the antenna elements have
different polarizations for populating the mixing

matrix A. Different combinations of the sensors and



defl ection in which the elevation of the antenna
patterns is changed for receiving additional
waevamrilens of the source signals. Anyone of tP@I/US2007/088134
conbi nations in Block 106 may be used in the array
defl ection Bl ock 108. [0079] In Block 110, path
selection is performed so that all of the sunmations
of the source signals used ta pgpul ate the m xing
matrix A are correlated (1 st and 2nd nonents) and/or

st at i slderRlal ¥redyE daddse Ady %@”@@Béks'f@@PQﬂﬁ?%ﬁd h94 may

ot her words, the incident signals are selectively

chosdif fEmbisesi i nBl ek LAAmket E9R5her poRuLYE ¢he mixing

Si gnast i HaPkacex t{igg SumMMati ons that are not
correlated and/or statistically independent. Block 110

may bEX8d by Zhgobkird savtioonbifnbtbé orsadmarBlasicdkes86s

o lharBengHEs 108 QY aarlRY REel xRt tdoh0C

t he rmmmlpdaddr eBgeseirghalecspbnt t i 'hlgef@rhafnﬂeudeelts are
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si gndire wyumgespigadlmganmd:@glebtea sonfattiler pognabte
has kﬁhse%%%l}gm&@g th%riock 89a LS ar S“mt'on

si gn rocessed to provi Stmha I og] gnhal s
assoodﬁl@d:thber émi wini cilhehes @ﬂeadtmgn C@ﬂeﬂxerragntkwna

applie n_conbi nati on ththeot of Bl ocks 106
108 e ts S R L ERA G e bR P G B Rt hions
Si gnadfs thet @cuBephabsendls). armhyquadbﬁt thi€ dddbinations in
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the mog.ng matrix, and may be applied in conbination

W th utputs o s 106, 10 110 and 112.
[008140%?7}? fi naP %L%‘E%f kocf PRRE FBAEREDR st perEormed so

that all of the summations of the source signals used

to populate the mixing matrix A are correlated (1°® and
2™ moments) and/or statistically (3™ and 4 moments)
independent. In other words, the incident signals are
selectively chosen for receiving new summations of the
source signals to replace the summations that are not
correlated and/or statistically independent. Block 110
may be fed by anyone of the combinations in Block 106
and 108. Blocks 108 and 110 may be fed directly to the
mixing matrix Block 116.

[0080] The fourth section of the roadmap addresses
signal splitting for further populating the mixing
matrix in Block 116. For example, Block 112 splits the
different summation signals using spreading codes. If
a summation signal has k spreading codes, then that
particular summation signal may be processed to provide
k summation signals associated therewith. The spreading

codes may be applied in combination with the cutputs of



m xing matrix A formed in Block 116. As illustrated in
the roadmap, the mxing matrix A may be populated with
w0 b@sg7fidber ent summati ons of the source signal BCOHS®A7/088134
on anyone of the above descri bed bl ocks. An advant age

of the antenna array configurations in the second
section is that conpact antenna arrays may be forned
for populating the mxing matripx A . An advantage of
the antenna array configurations in the third and

fourtdn sacd 108S 168t Had NANt eiRaxeh eFen ;¢ £ Nis
| ess than the nunber M of source signals, can be used

to populirentheunnthen npiariad swiinoM orphase (I) and
SUMTRLIRNS clr ot 118) SO S SHANAcS £k BRELT il 1 W3,

the antenna configurations discussed I'n e’ Foadmap,

an arftierig Jetayxconpre st mpdNQc oempbaerds arttenext as a
el emgpiis ifQ% cLE581 Vi : ' rent sumyptions
of the M- gdre(%eggi %ng rs,,aghvvl ?ﬁ§hn§n§gﬁg§’l n%nd;rmeazﬁ t@F

t han appligd inbeoubsratsisyd wilth ¢he enbpdisent Blideks 106,

ant enfigg 2R3y 4l W t ched beam antenna 140 as
T uoioB a3 ahi 21270 O a0 The. swi t ched beam

ant eni&ulr ay THO femel atees imnpbdir ahét yosdmantisnnae
gﬁt t %iqgiaig' ngk:ggkn Pc.lv rrr?ecé Il%n%llgggaffgﬁep@%\:zﬁ‘r:]ﬂ%&%gggﬁ] in

omi -di*r ecri onal antenna pat
ant enrie ¥4Q@dimap) utles redkiags imae rant Rnnay ebe fitulb42dandth

i r_of..nassi tenna el 144. The actual
* PoL Ol BISELNE SOkena S srnte At e setual o on

number o

var i emydeeendi BRe Osbéhe decanded BPpLksAt igN.advantage of
Ref erence is directed to U S. Patent Application No.
11/ 065782 LBP3 2 A7 e L AUEG LAPRE LER| e GiPome section

SW t chedhbeaBoaph O Nen Iy arTAvs Ray e AhRldd &biron
is assigned to the current assignee of the present

i nverRIFGT2tEAE EBRtBH N DMAEEEh A ar AP rRDFGITRHCe @t the
her eightwnaeter8pConfidirStions in the third and fourth

sections is that N antenna elements, where N is less
than the number M of source signals, can be used to
populate the mixing matrix with M or more summations of
the source signals.

[0082] In view of the antenna configurations
discussed in the roadmap, an antenna array comprising N
correlated antenna elements for receiving at least N
different summations of the M source signals, with N
and M being greater than 1, will be discussed. 1In one
embodiment, the antenna array is a switched beam
antenna 140 as illustrated in FIG. 4.

[0083] The switched beam antenna array 140 generates
a plurality of antenna patterns, including directional
antenna patterns and an omni-directional antenna
pattern. The switched beam antenna 140 includes an
active antenna element 142 and a pair of passive

antenna elements 144. The actual number of active and



entirety. [0084] Each passive antenna el enment 144

i ncl udes an upper half 144a and a | ower half 144b. The
wapps7hel ves 144a of the passive antenna el enRCE/ESA471088134

are connected to a ground plane 146 through reactive

| oads 148. The reactive | oads 148 are a variable

reactance, which is changeable in capacitance to

i nductance by using varactors, bransm ssion |ines or

switching. By varying the reactive | oads 148, the

radi g3d syl vRakbhebRSa CéledihNaNgeds ¢ i PLes dDeyd e%fcﬁngw‘an

passive antenna el enents 144, four different antenn

pat t drftfs ie&RnEEdf ePPRcaiB85] REfiecencd iheliamatrdato
pattqyns @3aReRe MSHHi dQ FRCHVE 18,/ HBE He Sip of | o o
signals X . The fourth pattern’is a linear
conbidfddiidrdoflishes pidreron ibee swibched i eamtanteabkeaasay .

an enfy;% HbA+Ehe 00X BLr X Ale; equently, Wit

t hree alnt gnﬁ% gl é%%{%%ﬁnééutalsﬁl%%ﬁ ?%&2‘5 lfﬁ’irﬁﬁre’

sum dfssdiggral of Xthe spresengutinvent hen i theng-aretenits Af.

An a a 0 it c beam ant epna i s that by

usingxgﬂélg%%nggéQ§%%£%ﬁKQ%%Feén2$¥ifﬁf%ﬁﬁq9%<5§flFﬁnk

3 carensé regpported. [0086] In anot her enbodi nent, the
active ,ante

ante ray rises N correlate n

el ene tsﬁéo thggc%h%asasn YEnALEPPAy S PR &'%ﬁw&é’gguges an

ar r ayapb@@, hasfi l44starat ed liowek| kalf 144Be Phasgdedr hayves
160 rises.a plurality of active antennpa el enents

162, A3 ST PNF 0015 Ve ANEHAE CORTTON® Aibaiientenaggted

couplted at gktbanacpiae ateerhacabRMesd Stiviha oaisghus. The

control conponents 164 adjust the anplitude and/ or
phaséegthgg ?%%‘i? v’é‘bﬁ G ¥arLabPLt i of TARSSsi wBich is

beamcHa@®g82b1& splddpR1i/tcorRi BEr i AdS-@uHtA oLkl er
168 are connected to the weight control conponents _
164. VREPEFBREe PERRAMSHOR LoNES OT Pridifthing. By varying

6, 473 He36ehBtive loads 148, the radiation patterns can be
changed. Since there are two passive antenna elements
144, four different antenna patterns can be formed.
[{0085] Three of the antenna patterns can be used to
receive a unique sum of signals x;. The fourth pattern
is a linear combination of the other three, so it is
not usable as an entry in the mixing matrix A.
Consequently, with three antenna elements being
utilized, three unique sum of signals x; are input to
the mixing matrix A. An advantage of the switched beam
antenna is that by using 3 elements 142 and 144, a
mixing matrix of rank 3 can be supported.

[0086] In another embodiment, the antenna array
comprises N correlated active antenna elements so that
the antenna array forms a phased array 160, as
illustrated in FIG. 5. The phased array 160 comprises
a plurality of active antenna elements 162, and a

plurality of weight control components 164 coupled to



a nore detail ed discussion on the active array 160.

This patent is assigned to the current assignee of the
WEe@s@Omtol nventi on, the contents of which are PCT/US2007/088134

i ncorporated herein by reference in its entirety.

[0088] The nunber of active elenents 162 supports a

m xing matri x A having the sanme rank. Even though the

nunber of sources Mis equal _testhe nunber of active

elements N, i.e., M= N, the active array 100 is

conmpagde SIcRG@et BRLaRhd Vo Elegirant Smﬂé%@{%& Uiy ed

in space and pol ari zation, as conpared
tradlquﬂ%ﬂenéﬁpFéﬁc?ﬁIﬂSQxﬁhﬁga@ﬁééﬁﬁ@?a@@ﬁyqnnnhaﬁa of the

el emenis stAat s@&ﬁa§§3@@dfc§m{% EBﬁpg kwvt?%%egth apart .

[0089] In other “enbodi nents, m xi ng
mat r i 0GBy be K SP%%&%Q;AGOmanerséﬁﬁh@mdt&m;dﬂunmiler 168

si gn%&%@%@&ggo@é Sigh? SERAFEE eéonﬁ,q{ ntthIML

source signals m t n1X|ng matri x.
di scRefedennegi eaderealsdaito BeSowpabemayWal o 498, 036 for

gr eat a 0, .bot h_t sw t ched hea
anteﬁﬁa }% Beg% %% é9:Jalse 1§$r§9 Egﬁ 25 he UiEA ggso
bet welri st peitent esqs)ea:ssmeamten nheeteneeits asbd gnkédodnthe

162 |s se%ttgngelo¥6a ftvorabke ackft front ratio.
Thi s H5$ 58208 REC™M 8 EIPERES of F ' &fenna
arraymnca&pbmate@enéramnmﬁy:&dfsmgﬁaésldllﬁs,edmaebty
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bui | Giing ngi xbDYikeA ridEihg tthe gamé tsnkr eahwendichbagBnthe
sunms of signals. The signals of |nterest can actually

al vvay’é"‘}?érl BhesPRESE S R HohEGPRAr EPSThe, Rk r of active

appl icaaimensangd sté]) e sgpanat gdeiBecauss Qbot Aiss
significant difference in purpose, the distances

bet WSEHPAREeARBCR| B 1S L ABEN bR 12 fLEp&OrEpdated in
separsdaic@n anli 098 P4 r Tk iy, eRRACBhEEBM St £ AWed th8ditional

further or
approach of using uncorrelated antenna elements that

are spaced more than a wavelength apart.

[0089] In other embodiments, the rank of the mixing
matrix may be K, where K < N, so that the blind signal
separation processor 49 separates K of the M source
signals from the mixing matrix. As will be discussed
in greater detail below, N may also be greatexr than M.
[0090] In both the switched beam antenna 140 and the
phased array 160, the distance between their respective
antenna elements 142, 144 and 162 is set to allow a
favorable back to front ratio. This is because the
classical use of these antenna arrays is to reject
unwanted signals (i.e., back approaching) and intensify
wanted signals (i.e., front approaching).

[0091] However, for the purpose of building mixing
matrices, the goal is create different sums of signals.

The signels of interest can actually always be lower



cl oser together, generate patterns with classically

"bad' front to back ratios, and still be quite
waeiosapiie2 for m xing matrix usage. |f fact, suReir/US2007/088134

patterns will often be superior in the blind signal

source separation application. The reason being that

the use of good front to back ratios requires tracking

of the signal directions in qordgr_to keep the front

poi nted at the desired signal and/or the back at

U eTORIPhe, PHeUPEOR PO S M PE T DY Sod I PIRN9 0 e

in various directions,
such sersciated - oBEt:hvessl@ﬁaima sugecqﬁs.cemdt dOffxHenke in

ante m fine as having 3 db points do
from-a #g%%ﬁuggéagﬁsg%ln'sq%eregp 6?%% ?ﬁrﬁ}?ﬂﬁn§§|6ﬁ§$
rej ectatorpel pfat bpeasifimeeatarattioan of si gnal
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rejection i.n_a direct of signal roach., [ 0094
InJ maI Cgpﬁﬁe F%n%ac"h r{d&ﬂ'af:‘ nS £+ bin RS ititiec suitabile

di st arenikehyenat el endde .cat gaeal | yucleadhe GLIe
of the ovegall antenna, array. | n other applications it

mi ght® &R uRel FUBRTHRS| Fhtihe by iPdoFbeRBL (TRUSes SARAEAE Lon

bet wegiplalateshs t19e atdAdratRihethiackidth Y &F §Bbd
but gai n sone degree of additional signal

decorr @it F8nPaFBOYBY L9, Xeyikes Eﬁﬁ%‘ﬂ’r‘?ﬁrﬁf thige signal

ant enfixcfions 180 @pd@flb%esceu apheNPFo Rt SIBHES df Ak, the
receiving at [east N differ enF summat i ons of the

sour (esdirgAapignalindruy dhedbrak R G 1rsterﬁqre|réastsw weing
of thadNe3nkenRgck! ﬁmtﬁf]f%%@ncégzpn ay fr {R]d %llﬁggglons,

and have different polarizations recel vi ng
| eastPUtingtdt 1t hdon Bigandr @sinsunnat $eels @aqm@glvlof the

SOUr G& HagRak §, M E N,
{0093] An antenna beam may be defined as having 3 db
points down from a maximum gain point thereof providing
for signal rejection in at least one direction of
signal approach. Similarly, an antenna pattern may be
defined as having substantially no 3 dB points down
from a maximum gain point thereof and having no signal
rejection in any direction of signal approach.
[0094] In many applications this deviation from
specific distances between elements can greatly reduce
the size of the overall antenna array. In other
applications it might actually be desirable to increase
the distance between elements to alleviate the tracking
problem, but gain some degree of additional signal
decorrelation.
[0095] In another embodiment, the antenna array 180
comprises N antenna elements for receiving at least N

different summations of the M source signals, as



and M being greater than 1 . [0096] The ot her antenna

el ements 184a, 184b in the array 180 nay be correl ated
w@eoogtazanr el ated with respect to antenna el enePEBHUIBRH)88134

182b. Even though another pair of polarized antenna

el ements 184a, 184b are illustrated, these el enents

may i nstead have the sane pol ari zati on. Mboreover,

these el ements nay al so be uncggrel ated with one

anot her. [0097] The different polarizations for

ant enp| & 18RS i A8RRg . 182b A{aMeQQtOE&Q‘)&Pn@le O SA&nna

another. In another configuration, the antenna
el enehtanends, 18282h18%k | aikke wrrkilpged| enemavB 2zl fferent

that g4ifalakigati 98r'§e Rﬂcﬁrgt ad &855{':619 Véf’]gcé‘%gg]

di fferent summati ons of M“sour ce signals
The fdiifsweny drsoasseon @ﬁjmbx&r Mssbhecessigfals, with N

pol arj zaty r t the mxing matrix A . The
t hree dlffg%éﬁg ypgg %?nhnglantenna el enents 182a,

182b, [0GP8] r ecEheeotieecartienaar eéamenndexﬁmd,emub 1nhthe
f t
stonals81T8o 406 HefiOlidianecand Lelatl oSl ps,of, the

X , y and z axi s as i
used rd&necex&npbe;emme ékﬂMamMsngaﬂaLaIQZBmﬂuauEnexhsngh

%Sc(l'x%)rsgémr X po%arlz%) hat ﬁ% %fcos(tsgﬁl 91.I.84b

Slnpl yi ng sunp i‘ons are

Imearepallamszaatem, ttrn&semegremleﬁtarﬁayl:rwelasd have the

i ndependent . _and é e three Ihnear

ant entAs E8AF3Z2 %%non 0 S5 ERogbnare axi Erenssy may also

exanee, un&btrelmatédiam ch#2anbghen.the x axis,

anten Ierren on th(i axi s, and antenna
ngnd ¥4

elene doc i e%?@%uﬂ? 836577 By PoSintieaRrng
t he tdnreaenksneazaanimmay be orthogonal to one another.

In another configuration, the antenna elements 182a,
182b include a third element 182c¢c so that tri-
polarization is supported for receiving 3 different
summations of the M source signals.

[0098] The following discussion supports the use of
polarization for populating the mixing matrix A. The
three differently polarized antenna elements 182a,
182b, 182c receive three linear and independent signals
sums. The definitions and relationships of the x, y and
z axis as illustrated in FIG. 7 will be used. For

example, the following relationships exist:

x = S cos(@)sin(¢)

y = Ssin(@)sin(¢)
z=8cos(p)

[0099] Simplifying assumptions are that the signals
have linear polarization, the signals are linearly

independent, and there are three linear antenna



el enents 182a, 182b, 182c each on an orthogonal axis,
the mathematics is sinplified. In an actua
waelepBoyirent , the antenna el enents 182a, 182b, RGRUSWET0BS134

not be strictly orthogonal, nor do they need to neet
at a common point. The renoval of this assunption wll
not invalidate the general conclusion, but rather
change the cases under which_ragk-deficiency occurs.
[00101] The follow ng definitions are applied, wherein
nurreréfen%m%c@'a@hsoﬁe§§rozt191c%%$1gci' akh @nspy¢ tdL gignal s

: gnal s incident to the antenna elenents;
The xantemﬂ gﬁémsnﬁ 182R Ahiylad dhet Keakignaintemna glement
axi s fgdy alsdocanghe Pfatfle Sinahieald Op émrﬂf@q}&tc 95 on
the sum of signals I nci dent to an antenna el enent.
[ 0010%)® Phé*dFoere, the vector conponents are: [00103]
Taki nFodlfb%]dOt ) ?(GE‘PE :%act'?xga%‘égé‘al% Unhfha

si gna et'erm nes tnhe re ative
E fi e?#%%ﬁoﬂéﬁ?:shmd Jian?q le@chl enean . oftexgongd| asss,

ar e USRl ofu@nChel st 10 Jiafing At rix: LOOIOAL, i) oyment.,

def|C|ency situations w now | SCUSSe
det erﬁhmaimtemaeqhamemos (182a;,hd8Rbxi b@2eateddk rics bank

defic t hi the f Iomnn cases [O 105]
The xéterrict y°§tg§éﬁr\§9 t's né)rre%roegg TYi Ng (fl a% a
cont rédmrtonopofinom The tdmmbloqnahSSZagsnﬁxﬁ;ﬁﬂ}ﬁﬂ wAdd not

180 de 0 conbi at ion.of .table entries f
anot herg' ﬁjktt e?ﬂg I T s RNEA US TR s LU & ST Fg‘ﬁegﬁ
when ﬁHEacmsgBahﬁdarewmmﬁhknanmgdbﬁdepemdprddQUﬁﬁunned by

a suf% t c Eb a%%on of a tenna el ement
the i AL "ERRECHLSRE dfdaribipts are sppiied,
wherein numeric subscripts refer to associations with

signals 1, 2, 3:

S,.5,,8;: Signals incident to the antenna elements;
6,,6,.0,: The X, Y plane E field angle of the signal;
$.0,.9; ¢ The Z axis E field angle of the signal; and
X,,X,,X.: Dot product of the sum of signals incident to
an antenna element.

[00102] Therefore, the vector components are:

pe y z
Element ‘x’: 1 0 0
Element ‘y’: 0 1 0
Element ‘z’: 0 0 1
S, Coefficient: cos(f,)sin(¢,) sin(, ) sin(¢,) cos(¢,)
S, Coefficient: cos(f,)sin(¢,) sin(8, ) sin(¢,) cos(¢,)
S, Coefficient: cos(d,)sin(¢,) sin(8, ) sin(¢,) cos(g;)

[00103] Taking the dot product of each antenna
element and signal, (X-:Y=xx,+yy,+22,) determines the
relative E field component summed in the element. These

values are used to create the mixing matrix:



1 or 2, but: [00107] This inplies a small solid angle
of separation between the signals, near equa

w@oianimeri on of the signals, signals aligned BCE/US2007/088134
com ng from opposite sides of the array, or sone other
very unlikely happenstance of signal incidence
resulting in the sane energy level to both el enents.
[00108] As discussed above, theysection of the roadnmap
addresses antenna configurations. The above descri bed
antenna configurations, including uncorrelated
sensors,_may be conbined in a variety of different

conf i |gXiy at cmn(ﬁ s, pr ms(@il)ﬁg(¢;hecc&wqwﬂ¢§ gn |'s of the
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sources Wi ll be discussed. The antenna array 202

conprises N antenna elenents for receiving at |east N

di f f efredtte ;summati ons of the M source signals, with N

and M being greater than 1 . [00110] The N antenna

el eneng g conprises at |east one antenna el ement 204

for fPEgiving at |east one of the N different

summaf’i’'gns of the M source signals, and at |east two
correthded antenna el ements 206 for recei ving at | east

t wo Se¥0)ginide) SING: RN eas@d it coshipinésin@n inéplcosthPrecodl: s singd, )sin@, )cos@,)
Si grabsg,)simdein@,\gos@eing: &t catégein@ rn@Nesd, Bin@ rendds) sid@ Bin@ ) @s@, )sing,)
uncorrelated with the antenna el ement 204. The antenna

ar r aytosWpYin@, J3ial, yoch, ) 2Sipl ) 4 cos)Sih @, ROEH Sivke) s, G-I ) Sos B, Bhinig, ) cos@, )sing,)
vari-quqg, >soamms@w@as@wmmsaaw ﬁﬂ@W[sﬁxw%Qf]a ,)sin@ )sing,)cos@,)

correl ated, uncorrel ated and pol ari zed

recelcx%r) még&,)c’sm%q @go }sm )s%r(} .array 202 for
e i L BTG Fon” o e

+sin(, )co 0, )sin(@,) cos(@, )sm(¢,)—coq(0 )sm(@ )sxn(¢,)cos(¢,)sm(¢3)

=sin(@, )sing, ) cos@, )|cos@, )sin(@, ) —sin(@, }cos@, )]
+cos(@, )sin@, ) sin@, Ycos@, )sin@, ) —sin@, )cos@,)]
+sin(@ )cos@, )sin(@, )[sin®, ycos@, ) —cos(?, )sin@;)]

= sin(¢, ) sin(¢, ) cos(¢, ) sin(6, - 6,)
+ cos(¢, ) sin(¢, ) sin(4, ) sin(6; - 6,)
+ sin(¢, ) cos(¢, )sin(¢;, )sin(6, - 6,)

[00104] Rank deficiency situations will now be
discussed. When the determinant is equal to 0, the
mixing matrix is rank deficient. This occurs in the

following cases:
1) 6,=6,=0,

[00105] The *x' and ‘y’ elements are receiving the

same contribution from all three signals.



separation processor 212 is connected to the receiver
for formng a mxing matri x 214 conprising the at

wo egH7Modi fferent sumrati ons of the M source BCTH81087/088134
The m xing matrix has a rank equal up to at least N,
and the blind signal separation processor 212
separates desired source signals 216 fromthe m xi ng
matrix A . [00112] The third-segtion of the roadmap
addresses enhancenents to the antenna configurations
provided in thg)secgnd chtigp. The enhancenents are
made so that addititnal dr reéplacenents summations of
the source signals @are aplleoted to further popul ate
the m xing matri x Ab. [00113]. _One enhancenent involves
array deflection fo red%iviﬁg addi ti onal suns of
signals for use by ¢ hemoggenggnatri x A wi thout havi ng
to add additional antenna elements. Array deflection
i nvol ves control |'i ng?ant®nna®atterns in the azinuth
and/ or elevation diggctigyge. [0@@114] A conmuni cati ons
devi ce 240 for separating source signals provided by M
signal sources using array deflection will now be
di scussAdeln r£EE BHE CaddtfdsCr oany THEMM N A 3 BY¥ble
242 conprises N antenna ‘el ements 244 for generating N
i ni tiditrdscefna pROtRe Ak dedéeionhgiehirdeer 8hese are
sUMBtd ONs eRbe b Nendh S &8 oRlag8akse J@f Bdifpna array
242 al so conprises an elevation controller 246 for
sel eciridapepdenthyi piyead dvevasifilotent dadsinagienobi
t he ug%@ﬁhgag ghlgppa patterns for generating at |east
one a itlonaﬁ antenna pattern so that at |east one
additional different sunmati on of the M source signals
IS received there 01.15]. ej 48 1.s
connected to t ge Q%Jt e%lgeajlg’?j]rlgédggg %‘%‘gg rdg%gllo\;ceéaqflﬁ(le RI per
di ff ér et 2submiti ons of

sin(¢, ) sin(¢, ) cos(¢, ) sin(8, — 6,)
+cos(¢, ) sin(g, ) sin(g, ) sin(6; -0, )
+ sin(¢, ) cos(@, ) sin(¢, ) sin(6, —6,) =0

[00107] This implies a small solid angle of
separation between the signals, near equal polarization
of the signals, signals aligned but coming from
opposite sides of the array, or some other very
unlikely happenstance of signal incidence resulting in
the same energy level to both elements.

[00108] As discussed above, the section of the
roadmap addresses antenna configurations. The above
described antenna configurations, including
uncorrelated sensors, may be combined in a variety of
different configurations for providing the summed

signals of the M source signals to the mixing matrix.



the M source signals using the Ninitial antenna
patterns, and al so receives the at |east one

w@eadwsviaeml different summati on of the M sour CRCHUSIAT/E88134
using the at |east one additional antenna pattern.
[00116] A blind signal separation processor 250 is
connected to the receiver 248 for formng a m xing
matri x 252 conprising the N di bgecent sunmations of
the Msource signals and the at | east one additi onal

di f f efgilooqUMRAELEEPr Phg (K MoS@YECegSi gNaldnuniR&tions

m xing matri x has a rank equal to N pI us the nunber of
addi t99H&e 30Pt épEnteRAMTEIISUEFet HEIM bourrayided by M

si gnaé,ls;ﬁachb\aeeeyswm the addikseqal ppat array 202
patterns. The processor 250 separates desire SI gnafig

254 feumprilsesnixpngem®a rdbenedCs17pr | negeiteimal atadpast N
ant e G AU DBARS: WU L oyl geé?é%ggaézl%%, with N

suita or ‘increasing the ran
can b@dm’ beind ekedter ddfdredt.i on nmechani sm The

defleﬁ?dfya\m '&hgeﬁeﬁﬁﬁéhn%()1%&2%EQC%O§§¥H§E atgleast one

mat r i usa Ie Sl gnal I eac enna
arr a)anmms eIhmeet 1304 herrefreceigi2gtatreleant tonpel bér the N

ff t f ot h 00118
The iy ook sERATE afpibi BaoPRTES ietiocend ¢

ar easl eessoctiwvat edrne ldtexh aartteanaaelexaeﬂnt@fzctm(—:fo}f aeeasving
can pr.ovide f 2 Lnde dent deflectlon areas an
ot P et Bhe a KT T e p SRR e o thgeM

ant ersvarakl 8y gfiabs pr OBMede;vM SOREBLAOES AWt drinselel eﬁ\eﬂts

t her e K distinc | ecti opn areas, the nunber

si gndA%% 48 Pﬂc?ﬁ’éejfﬁ CL@“&%‘I FF‘? ARGCBRA Alemgnt 68119] The
For Iddt@h@abwaymupmudeeﬁaa@eggnaﬁ Hoamed1bRents
FIG 10 in which the sw tched beam antenna 100" shown

in FI@ VATAQYSheRP MR ¥aned 180 WhhaR the Hfimemts are
pat t eddiseTBYels hhédOFb 1t ¥ adaVWBoldr£i&yation.

[00111] A receiver 210 is connected to the antenna
array 202 for receiving the at least N different
summations of the M source signals. A blind signal
separation processor 212 is connected to the receiver
for forming a mixing matrix 214 comprising the at least
N different summations of the M source signals. The
mixing matrix has a rank equal up to at least N, and
the blind signal separation processor 212 separates
desired source signals 216 from the mixing matrix A.
[00112] The third section of the roadmap addresses
enhancements to the antenna configurations provided in
the second section. The enhancements are made so that
additional or replacements summations of the source
signals are collected to further populate the mixing
matrix A.

[00113] One enhancement involves array deflection for

receiving additional sums of signals for use by the



In particular, each upper half 104a' of the passive
antenna el enents 104" is connected to the ground pl ane
wae®s/otrhspugh a reactive | oad 108" . Each | owePCTIEE$007/088134

104b" of the passive antenna elenents 104" is al so
connected to the ground plane 106" through a reactive
| oad 108" . A reactance on the passive antenna

el ements 104" has the effect _okgl engt hening or
shorteni ng the passive antenna el enent. |nductive

| oadsd,angt heRr-aRda capaddd HaviAgdeo ShQd t&fkith®nal

el ectrical” length of the passive antenna el enents 104
. [ O FrnAn eARTeRkR- beuihaYs deifleeliop EePldtmn in

el evatd 1A ; AGCORAANcE Y e;fati 0s, of e
reactaéidvn:;\tl}logellégﬁ1%’%‘EJI of tﬁﬁétt%ﬁé‘grlﬁa 1i’/gsa%ﬁfrhfdatﬁl grrllg/?ﬁe
reactdhavatdaosdizgctidnt he | ower hal ves 104b' . By

adj usgdgiq shhe nat| n t ;
o7 ortUhilos, ASCPARATRS ReppQt! 446 £A" AeRuckhs
addi tiarale sagkals pkleidiad byh¥ mighal smirdes Aswhgnarray
an el (] n 0 ant. tternis juste

fo 1 ooitectof I ol R ERNE B 15 Sl St BhT -
nor e &i gifdlesavtanbe e 4@ fompt heesri Xiag emmiar el edents

ol et TR OPat st PR 3% B KRS f R, o

has Zediedtviingt Ndef f Betdron sameasiongi of dited W source
contgglleﬂ by gge react ances 11?' . _The $attern

gener 38 SeapaBF I FEYSH HE2Yr FA9 7552 SHRIIETFeAD
pat t exlesrattiber ebnt 2ol her rA4eOELrobe & gtitde SUdhangahgcan
be used to.create the mxin trix is,12 (2*2*3) .
(0012 VREFEPeRECRT 5L R T PEd Ot ot RheN abibvel 4 PEFEAEE

U. S. galtethsAppli gatd it iNg at1A085t 767 aMHiGional antenna
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gr eatRAt6EPafP. thek & ri8PstePPEC ARt M hitfd e8P the
appl ifshra@ i8Ry o Of thdiay aliR el $gHE S80I ANt MG A kBY reby.

[00115] A receiver 248 is connected to the antenna
array 242 and receives the N different summations of
the M source signals using the N initial antenna
patterns, and also receives the at least one additional
different summation of the M source signals using the
at least one additional antenna pattern.

[00116] A blind signal separation processor 250 is
connected to the receiver 248 for forming a mixing
matrix 252 comprising the N different summations of the
M source signals and the at least one additional
different summation of the M source signals. The
mixing matrix has a rank equal to N plus the number of
additional different summations of the M source signals
received using the additional antenna patterns. The
processor 250 separates desired signals 254 from the

mixing matrix.



enbodi nents, or any other antenna array which is
sensitive to ground plane interactions. [00123]
wea@shznoenbodi mrent of the el evati on control | ePCT/ES2007/088134
based upon a controllable RF choke 270 coupled to the
ground plane 272 of an antenna el enent 274, as
illustrated in FIG 12. The antenna pattern associ ated
wi th the antenna el ement 274.i g;moved in el evation by
controlling the RF choke 270, as readily appreciated

by thpseLisi || ed hanthg ardny QL2644 g‘rf@MﬁéataJhggﬁM

device 300 for separating source signals Pprovide
si gnatTsoHeSe §1BRILASWRS putitabdieedprohngr¢dsing the rank

di scuspathd mikehsr RRCLLE Ced] Be 1ii11bLg Jiftr?rho.t%%r&e.ction
enhancenment to the antenna configurations provided in
the SeRGridisect i Bheoteflrctricadvipl asnewdte awvamistinct
enhangerent, ;g hBer 2% Fayaide lsqgwag.nsgfng cussed gbavey e
The communi cat’i ons devi ce300 conpri ses an ant enna

ar r ayRIBERNGOAPERYI MgaMN el Bhemet ds30Uefeofof@raring iates

| east I a r.J. iV east, N. .
i 11 ATt PEALR b lyriTiReXinl 8L, URET i
and M®HiL®J gr &4t thetdvam? defleot26h s corgmeoitdesy 1306 K

i's cop e enna_arr. for_sel ectivel
f or m%&q:t%%%qa%gfségs?g%g%lnat eenné'\“%)eéarar%. A | \;&;)ﬁ of the
asseriblared@8cas poomidd efbrt @ tihdepahéema deflay-t30R Bokas

receivi he at.least. N different su tions of the M
Sour Al aharte® 1080 tne ahiuriaf BabATA | T procescsr it
310 ithecamneohedatpay hear gaeinide RSsembd tyi 308 Kyohtself
formng, a,.m xin trix 312 conprising up to the at

| east? &thFSrég?ngu‘%h%tt’i"&% d&ﬁfeﬁ'élmgs%fﬁacse difgnapEber
[00124] shh@all s0ds signele sEikdnhat m@br Px orSp 3 23kBnal so

determ if the djfferent, summati ons of the M squrce
Si gna@ﬁ%& cof PBI & &bsrcﬁ'agtoé’t PYFPR3fsy reference is

directed to FIG. 10 in which the switched beam antenna
100’ shown in FIG. 4 has been modified so that the
antenna patterns may be tilted up or down in elevation.
In particular, each upper half 104a’ of the passive
antenna elements 104’ is connected to the ground plane
106’ through a reactive load 108’. Each lower half
104b’ of the passive antenna elements 104’ is also
connected to the ground plane 106’ through a reactive
load 108’. A reactance on the passive antenna elements
104’ has the effect of lengthening or shortening the
passive antenna element. Inductive loads lengthen and
capacitive loads shorten the electrical length of the
passive antenna elements 104’.

[00120] An antenna beam is tilted up and down in
elevation in accordance with the ratios of the reactive
loads 10B’ of the upper halves 104a’ and the reactive
loads 118’ of the lower halves 104b’. By adjusting the

ratio, the antenna pattern can point up 97 or down 99,



i ndependent, and if not, then cooperating with the
controller 306 for formng different beans for

wo ea8ioviioy new di fferent sunmations of the M sPCF/US2007/088134
signals to replace the different summations of the M
source signals that are not correl ated or
statistically independent in the mxing matrix 312.
The desired source signals 3l4zare then separated from
the mxing matrix 312 . [00127] A rake receiver is a

radi 0,4 gaa¥eLatedi SNefrd 0 190UNKer 1L08e e&ﬁ@ﬁéo%ﬂ onal
mul ti path fading. It does this by using several

i ndepetifert peeefvEeP sthadH xddPafelr 5% Hthen ian elggation
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can be used by nost types of radio atcess networks.
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di ff ejenfi 1ISUMIBEi @nfaPfdeflection technique may be applied
to any of the above discussed antenna array
embodiments, or any other antenna array which is
sensitive to ground plane interactions.
[00123] Another embodiment of the elevation
controller is based upon a controllable RF choke 270
coupled to the ground plane 272 of an antenna element
274, as illustrated in FIG. 12. The antenna pattern
associated with the antenna element 274 is moved in
elevation by controlling the RF choke 270, as readily
appreciated by those skilled in the art.
[00124] A communications device 300 for separating
source signals provided by M signal sources based on
path selection will be discussed in reference to FIG.
13, This is another enhancement to the antenna
configurations provided in the second section of the
roadmap, as well as an enhancement to the array

deflection discussed above. The communications device



the M source signals, and the mxing matrix has a rank

equal up to kN. [00129] In particular, when CDVA
wWQR00e0TNE propagate they often encounter nul tPEI/ES2007/088134

paths fromthe source to the destination. A rake

receiver 316 is specifically designed to capture a

nunber of these individual instances and conbi ne them

for a nore robust signal decodi $g_ Wil e the origina

si gnal propagates al ong each path, its properties are

modi fHoad By, ]&D&é’%ﬂﬁxt‘é‘&%‘r ag&?é S§6§ ?{qﬁﬁ@?n@%h In

some circunstances, Ication
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HoweVvéde, Mt feuFet et @2 ifssenbl y 308 needs to detect a

nunbeiooakel hesendind XiuRl RigRaYaLEPAr PBidh \HHoT888r0810
t he sane S|gnal in order to build the mxing matrix

312 t3dsg dafereivgt irfafbe padfsuentnammmbicmsseét tha M
of theuerdERPnAfUr£SS8Srrelated or statistically

independent, and if not, then cooperating with the
controller 306 for forming different beams for
receiving new different summations of the M source
signals to replace the different summations of the M
source signals that are not correlated or statistically
independent in the mixing matrix 312. The desired
source signals 314 are then separated from the mixing
matrix 312,

[00127] A rake receiver is a radio receiver designed
to counter the effects of multipath fading. It does
this by using several independent receivers each
delayed slightly in oxrder to tune in to the individual
multipath components. It can be used by most types of
radio access networks. It has been found to be
especially beneficial for spreading code types of

modulation. Its ability to select specific incident



signal splitting for further populating the m xing
matrix A . |In one approach, the summtion signals are
waepisH71181 ng spreadi ng codes. | n anot her appr oBCHUS100B088134

sunmmation signals are split using in-phase (1) and
quadrature (Q nodules. [00132] Signal splitting using
spreadi ng codes will now be discussed in reference o

FIG 14. The illustrated conmugjcations device 400

conpri ses an antenna array 402 conprising N antenna

el e t 0 ei.NJ . a i fferent
SummalihalO8a tRL ALEE 6 1013hn1E8E AL G bnange the
406 imtbendiedt td tloe tHldrd asnpeahaseb@rmnicn 404bckosing.

decodiqjag sEhe a i different su ti.ons of the M
sourgfe Si Eﬁm s.geJEEgc " ong éf rﬁ'ﬁggl\F%ﬁef Srent Ry I'F o3
i ncl ubdesukseddebot®@rmyy e dppdikddtd ferleMadvmaatiesns

of the M squrce_signal.s associated therew th. .[00133
A ¢ odBtUeF it cB ot SRy RERRBERRRET v R Higadse Th che
despreeader F4D6CDHMX $ye0mms, Nghat réeabtekdssembly 308

di fferentsu ions of the Ms ce signals. A blind

51 gnaOTRERAPAL N oFA RS GeeagR A1 BLF s RfIbcrake FaoehEer 316
receicomprasaenkl §iddr§ @orf eelbB8ging M XdIKF gt ¥utd2path
conprising the at least kN different summations of the

M 3oGiBBOBEGRI £07 1HAFTGRenGEnERe | N Dt FrRaty SpgRRtions
equalofuphoMkBoudde dildnad sSirgBak ve@nsy alHORHReesHOr

410 separates_desired source signals 414 fromthe

mi xi 7§ CRaPAI R1anent [IRPReAtete pRABEFY- ont Rt H&i%odul ati on

of thenteearyedos) IR H1ihkesahaye sascrdidags %Irfgeaésor

splitting may be used for increasing the rank of the
m xi MFonadfr FRAPEGFIGR thcNeddkpgr 2 FRL YRAfO SLENIBE

ant ergean@hgMent smi M ra2ri2, 3EPVAZHQ0 ind NYCRMPr 2% e312
exanpl es of spread spectrum communi cations systens in
whi clFoSprégaaFngP to at least kN different multipath

components of the at least N different summations of
the M source signals, and the mixing matrix has a rank
equal up to kN.

[00129] In particular, when CDMA waveforms propagate
they often encounter multiple paths from the source to
the destination. A rake receiver 316 is specifically
designed to capture a number of these individual
instances and combine them for a more robust signal
decoding. While the original signal propagates along
each path, its properties are modified by the unique
characteristics of the path. In some circumstances,
the modification to the correlation and/or statistical
properties of the received signal will be large enough
so that they can be treated as separable signal
streams. A modified rake receiver 316 could be used to
extract each modified stream and feed it as a unique
entry into the mixing matrix 312, While this means of

increasing the rank will not always be available, it



codes are used. A common thread is that a unique code
is processed with each signal to spread the data over
w@200a0gan2 f requency band. [00135] The sane sprREHUSZP07/088134

code is processed with the received signal sum

(desired signal, undesired signals and unknown noi se
sources) . This causes the desired signal to be
reconstructed back to its origiggal frequency

bandwi dth, while the interferers are spread over the

wi de Jifﬂqlé%ﬂ‘ayt!}aﬁg-ax{epxgjaﬁbeﬂe Renabeveald §i89, COVA
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the desired signal, but it will still increase the
over AICHIGREECDaPIED VAP er 8f oF Be 8P atidnade in order

si gnalo riNQi $Rel @ik Dhg [MAE3R] 3Thecbos m@fridi@nt rank.
despread signals equation and the signals thensel ves

meet kA033dAit efPa FHTYL i3fFtdrgnaf Ehparerdmnp addresses
procesiynad. sphitafhg #dr AN/ tPkrt BSpulating the mixing

matrix A. In one approach, the summation signals are
split using spreading codes. In another approach, the
summation signals are split using in-phase (I) and
quadrature (Q) modules.

[00132] Signal splitting using spreading codes will
now be discussed in reference to FIG. 14. The
illustrated communications device 400 comprises an
antenna array 402 comprising N antenna elements 404 for
receiving at least N different summaticns of the M
source signals. A code despreader 406 is connected to
the N antenna elements 404 for decoding the at least N
different summations of the M source signals. Each one
of the N different summations includes k codes for
providing k different summations of the M source
signals associated therewith.

[00133] A receiver assembly 408 is connected to the

code despreader 406 for receiving at least kN different



di spreadi ng codes is individually applied for each
known signal received by the comuni cations device
wae@s/ornot vi dual sunmations that neet the | CA poOEE2007/088134

requi renents are obtained. [00139] Therefore, there

are as many row entries available for the m xing

matri x as known codes, assum ng of course, that they

each produce linearly independggt-significant val ue.

Under the right circunstances this wll allow an

i ncr %%ﬁaeioweofn LAY R 59gRaVél UG Gnealiesibhan
t he nunber of codes . For exanple, N antenna_el enents
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knowkNcod&he ¢hen®f$1qnadg@|¢alaretwan Lmso%ﬁsesmélpo the

orth ngl % 1hey SQQfX% Iﬁgn @nffc!rr?q:h% mlﬁ%ng

and e general case o nomn signals o
t he g&ﬁalundéz. [00141] The S|gnals correspondlng to

the C@Jo&@ﬂ entpl éné‘mgc > a%e n&&l 5’&.8& 34 t'%%t Qecel}led

ver si ons o the nown Tto cel gha
unkneignaddesthd| a;lmove)rmass:rgbabl magndnb @nss:mg aag be

the ot her .signal _is_ei tﬁﬁ{ si.gna exlng

he GHREY 507 FRFECTHES aes ot Rabr (HLy ‘SPPUa "o Th

si nglwei tBaussiaorsaged  the gumbeel Base almodmmellamehns

o1 G 3308, Lo AU B BB e TrrER s SHape

be NapeGhusm a6muhgedt Sy oS temsain MasiclioprEadsagan

Slgrwgodg;kgggnuggdthf ggﬁagg’ﬁh*ead is that a unique code
is processed with each signal to spread the data over a
larger fregquency band.
[00135] The same spreading code is processed with the
received signal sum (desired signal, undesired signals
and unknown noise sources). This causes the desired
signal to be reconstructed back to its original
frequency bandwidth, while the interferers are spread
over the wide frequency band.
[00136] The above listed CDMA implementations
actually have many signal streams simultaneously using
the same frequency band. Each 5ignal stream uses a
code that is ideally orthogonal tco all the others. 1If
this condition is met at the decoder, it means that
only the signal of interest will be despread. If the
code of the Kth signal of the sum is used for
dispreading, the resultant received signal sum xj; will
be mostly made up of an increased amplitude s, term and

either unchanged or lower valued k-1 terms.



[00142] After despreading the known codes in the code
despreader 406, the blind signal separation processor
wall@sozael ves a mxing matrix 412 of rank 6 . H¢EUR20K088134
of 6 is derived based upon 2 antenna el enents
mul tiplied by a factor of 3 since 3 codes are known.
[00143] The 6 signals are applied to the blind signa
separati on processor 410 whererfh the m xing matrix 412
having a rank of 6 is fornmed. The blind signa

separ gfg1®71Pr 09RE S8 o Aitldh dat %Bmengérié‘f-‘af§ﬁﬂ?rl%tﬂw%%n the

matri x Wfromonly the received signals nodified by
t he {HAMnérignakss" 2@ the Jtﬂ?@fflemﬁﬂr%\%w%@(m somgwhat

Si gn%e%cfﬁrs%r§6935ag’i@n&qug]tzfxdf]th-le_h@epif&ﬁj S . This is

separation processor 410 selects the signals to be
decodftenrgheckanphe, delfy ierperieneed shyyricties imghivbdual

dr opRed,aRd abhaVELS A Gaale Sa@ﬁ%é&?nséd%{@ e Re

sel ect€d. "The sel ected si gn s are a
dermcﬁ}lgalaéls no8ohe ¢1)rtf¢ermx§it§ﬂsatedn51§'¢mlsiemd1dcabdmy the
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the mu t|pa Versions sang Signa
t he nmtebgeaer aignaé:ecame acf ffodi agen@ésmwe&mowbas it

0 abqw L.shnplicit oul d ac onzerQ.

Thi sq"v\l/ceilull %tﬁzi?‘grécﬂ%ar%é (fé alovgégif ? heaqﬂ‘](ﬁ’r &gt i on

pr opedheiresobet deened e tﬂ@edgahgnabsmaisae neiftiper f ect .

Thi s represe addj tion noi se to each
separ%ﬁ'&ggl gniﬁ1 £%\P$r h&sgﬁFBW% sTiEaiGmeqpRgion and
rank wfe tshgnaBé ft%em§el$défsf m@le@Nthé Oc SEPAF il Edrh@3€nd
signal s, so their value will be si grpl fi cantl reduced

af t er> i bFFHﬂréY’g‘i’fhlp?é?ﬁérséPHon . oPRi §f the

| eadsiilspraadesycasded Ndains@vialal 0§ r@@@ﬁéw o:8aknt 0
noi se ratio, and as indicated by Shannon's | aw an

i ncr 29N §igRahnksceiatnst byy Ehp0omBYn Feftehansn genaget 400,
FIG ikRivihGa®t SSimAPRIRAGRat meet the ICA model

requirements are obtained.

[00139] Therefore, there are as many row entries
avalilable for the mixing matrix as known codes,
assuming of course, that they each produce linearly
independent significant value. Under the right
circumstances this will allow an increase of the mixing
matrix to a value greater than the number of codes. For
example, N antenna elements and M codes may provide NM
matrix rows.

[00140] For illustrative purposes, 3 codes are
assumed known and the 3 known code signals retain their
orthogonality. 1In the code despreader 406, the mixing
matrix A has top 3 rows and bottom 3 rows each due to
an antenna stream after each stream has been despread
by the 3 known codes. The off diagonal 0 values are

due to the orthogonality of the codes. The column



for increasing the rank of the m xing matrix A w thout
i ncreasing the nunber N of antenna elenents is to
w@epanzte2 a recei ved m xed signal into its i n-PEEES2001/88134

and quadrature (Q conponents. | and Q conponents of a
coherent RF signal are conponents whose anplitudes are
the sane but whose phases are separated by 90 degrees.
[00147] The comruni cati ons devizge-500 conpri ses an
antenna array 502 conprising N antenna el enments 504

for reseindsng,ab heast Ndlifderaat gsHePRt i o s LAKnMin
source, si gnal s. respective i n-phase and quadrature

A
modul & 5 9LgshRsFrRAMAY ¥ each antenna el enent 504
for separating each one of the N different
summat i onsof the M source signals received thereby
into an inphase apx |qamir atur e0 canponrgnta,sles,.] [ 00148]
A receiver assenb 5Q8yi s, dowpsty eam t g, elach i n- phase
and quadr at ure nnd%le 5%6 %%ere5%1v?%gq?ﬁ gat | east N
i n-phase and quad|*t|urle coffpofient®sefs e | fsHe at
| east N different|symyatiols o tde bl,sayf s [signals.
A blind signal separlatlign processpr 510 j sff dgwnstream
to the receiver a§§entl9 é%é fctgr‘g“oréi’ng‘}5 %ixing
matri x 512 conpribfedg a? | Sasfea2Medi flse Ssqunmat i ons
of the Msource signals. Each in-phase and quadrature
conmponent set provides 2 inputs into the mxing matrix
512. [M0441]1xi nGhens igna s 2 drae spondibkyg efgpladhedl pdlemaN,
and the hling stgnal, separation, processor 510
separ® %§§e3eg'r' r éda%%u$c§%?’§nglt§gglaa?? oINS Ringhe
mat r i Rhdbih?2 col88 148 &xte=wfcetine sigagest bF audkGh Qodes.
nodul es 506 downstream from an antenna. el ement 502 i s
11 U eGPFn o ERRe L T8Y RoREgS4rgnaad Ui QHE Ta s LoRaL
ant ennga eﬁkﬂh@&ntDﬁﬂZsiénaﬂp'dﬂouP)é 3beRing OfhdMoedtTa220imit
I and Q conponents are comonly produced by _
tran§#5FFﬁ@ §R that they appear” as a single "Gaussian

signal, e.g., release 4 channels. In other words, a

sufficient amount of non-random signals will add up to
a Gaussian signal. The interferers may be Non-Gaussian
signal sources or at most one Gaussian signal unknown
to the network.

[00142] After despreading the known codes in the code
despreader 406, the blind signal separation processor
410 receives a mixing matrix 412 of rank 6. The rank
of 6 is derived based upon 2 antenna elements
multiplied by a factor of 3 since 3 codes are known.
[00143] The 6 signals are applied to the blind signal
separation processor 410 wherein the mixing matrix 412
having a rank of 6 is formed. The blind signal
separation processor 410 determines the separation
matrix W from only the received signals modified by the
channels: x = As. In the illustrated example, 6 signals

are separable.



internedi ate frequency (I F) signal to another

frequency range with two synchronous detectors to
wawiosh7iteent i cal reference signals 90 degrees RPUL/UST007/088134

phase are applied. Together, the | and Q signals

preserve the phase information contained in the IF

signal, thereby enabling a signal having a positive

frequency to be differentiatedszbromone having a

negative frequency. [00150] By separating the received

m xed[Go1g@El s TAEObLiadds JreanReparksioh hersds A qhle
m xing matri x increases by a factor of 2 As | ong as

the ISHRFYS EBRpSHERARSS a‘i% Rendsgeded t thanfo%?rw d&hg

St r eafmcedfeQR vt B@?Hhxsdnasy Haldro ?F@HVSHd aélﬁ%z%‘lto%@n@f
el enent may be s into two different m xed

si gnathe [d@@mﬁ Phgwes e rlegitefer eRRe atekarted sgonals
t he rE?é“é%pﬁﬁeHh%ongd&éﬁgdd¥¥ﬂ$%eﬂédhQebeof”ﬁﬂﬁ@ﬁﬂia&%on

determne’ if I and l'inearity requirenent.
For iTha é’f?@@dullﬁtﬁésu%%%nﬂ%lﬂo\)ﬁﬂ?wm e @Il ittt iarhd eGhBKques

encodifit RapRReasgs R4 WhenoHseds WM same 51gnal

appropriate filtering, and processed In the recelver
as i flQQl4fdre BPSKhermexi ragnegiedc eaBPSkheresft dilmgonal

requu;ael téht,% BLipd, a&gaég = 80Ab ﬂ&? pf{ogjglfgf]ﬂ%pany

t he and Q process descr an be us
and @Q:mmr&em sThan weuld da \Mhehmangr w$uvd hecadzowhen the

descrd Rl AR BANg: SLLAY SIRAdIRR! 8L - BORYI Bl e . e

m xi ng" nmatr 'S us
mat r inotA pearfebe . pbpﬂ$aW&uﬂdnrap&eaehtnaadi&mbﬂunﬂmaisefto

ant enna_.el enent were u Anot her exanple c
the Us8 b P34R ennal%lf %merﬁ YV a%fo?n% l°2’5(iyt ﬁ&PW“ the
ar e ureodk fofl ahedmst £ hx mecmﬁflmleatl zat sapafax d adlse

of 2*2 and |n onbln tio the 1. and

corrpo 34 S¢ aSPak %1’ o‘faa]?ez Bet ﬁ%\‘?n%"@’r‘f?d'gdé'n&éﬁf’ced

m xedh &egNdheSHIEndl €igitdlestpatation processing. This
leads to a decrease in noise, an increase in signal to
noise ratio, and as indicated by Shannon’s law an
increase in channel capacity.
[00146] Referring now to FIG. 15, the other approach
for increasing the rank of the mixing matrix A without
increasing the number N of antenna elements is to
separate a received mixed signal into its in-phase (I)
and quadrature (Q)} components. I and Q components of a
coherent RF signal are components whose amplitudes are
the same but whose phases are separated by 90 degrees.
[00147] The communications device 500 comprises an
antenna array 502 comprising N antenna elements 504 for
receiving at least N different summations of the M
source signals. A respective in-phase and quadrature
module 506 is downstream to each antenna element 504

for separating each one of the N different summations



[00153] This mechani smcould al so be used with the
antenna array defl ection technique to create nore suns
w@poogiognet s. Each of these suns could in turn BCBUS1HE7/088134
separated into I and Q conponents . [00154] Anot her

aspect of the invention is directed to undul ating
transmt patterns to support effective area coverage.
Referring back to FIG 3 , thiggaspect of the

i nvention corresponds to Block 92 in the transmtter

processicng fiesthAfe Afidlasi khusival edhdRadman . Shgnal s

fromexternal transmtters are interferers to signals
f r omP¥ee8s ahd dev e ur et opmRgnent certhuni cate wit h.

Thi s foalkem i s rosdiveraddsensed WA% ti{se%wmtkgsm to each

external signals as random noi se. ong as the
si gndP-Pbaasi ard reddr atevrei nedube V@06 for receiving the at

spechihethieshobfise (i dashiet 5 Wllo iR L decoded e
The problemis to design‘a comuni cations system that
down agr ddest t hedef frnsitesmmmahidms wef |tiha g sbhece

benef. muj, ty i ' t imze.
the erPRStryonschtll BIRRAY, COLL PR PO AR e Tl cPif 1o
capaciowpspfteanet s yEteeme 08558 s Jereo ke rdBduddul dbrominasa

used Lein e rn_contours .60Q, .6 604
Wit h’“@g‘%ﬁﬁn’é‘%’g}%zﬁfﬁﬁ?’?ﬁ&ﬁﬁi %ra?moi;eanso ggll g%?iia/rent
degr smsmet isysmef rihe as sshewvh shghdX3. 1FEach Leephyeé and

610 i s _surrounded by three spaced, apart, fixed,

1 andRPEraF 8T 8 AP TR 26T PEREYSHD Nt RS teh AR EPhERe

pat t enikiagnhatr sx EAR,. 6QRe MO4isdamd wkinot512ehas a rank
non-rota&ed change in scale éer ions of each other, as
showT 9§ pHPt &7 rf Lorftisur&e6861 nE 521 95, SepagpEion g,

[ 00196 cSEBbt 851 @ Q¥ pAHa% esNdESOF&d Yo iR 43gakl e, 588 from
long as they are rotations of each other. The three

pat t érfisTEBHEDURRL 80 21862, 664 shown in FIG 19 are
[00149] One of the respective I and Q modules 506

downstream from an antenna element 502 is illustrated
in FIG. 16. A mixed signal received at the antenna
element 502 is split by a pair of mixers 520. I and Q
components are commonly produced by translating an
intermediate frequency (IF) signal to another frequency
range with two synchronous detectors to which identical
reference signals 90 degrees out of phase are applied.
Together, the I and Q signals preserve the phase
information contained in the IF signal, thereby
enabling a signal having a positive frequency to be
differentiated from one having a negative frequency.
[00150] By separating the received mixed signals into
I and Q components, the size of the mixing matrix
increases by a factor of 2. As long as the I and Q
components are encoded with different data streams,
then the mixed signal received at any antenna element

may be split into two different mixed signals.



all simlar in geonetry, and they are all usable
because they have different gains in each direction.
WwWOR0BO7A0 | ar pattern usage is expl ai ned, andPCTUSHAB088134

i npl enentations will be the easiest way to inplenent

the patterns, the set of patterns need not be simlar.

All that is required is that the set nenbers differ in
gain in each direction of trangf{ission or reception of

a signal which serves as a channel path to the other

end QqigeaBd§ Oof 1 hens gadNicealh @Re béMkial NG nkNthe
general , one plane of signal gain contour is
i || udrtaredofiek e medbrlatdee sreds skl @nadivzeghgo
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or in both orientations, i.e., on the surface of a

t hr edtodi ABASRORGAI Bhaps deenoghdvmgf eh&ShhitdmtathehEd$K
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[ sacteglg}glgghgeggé %%I and t dgﬁg%fgg%%%g Lfsgetda(a)flﬁlﬁcti on

of pragpeorsdabentilteximy,playdi pabcesgprdnpnitiiei grceiver as

[imtati.Qn 0 ]..The,.basi ¢ [
sect Aled S ASER SOESR e RS, SiAETERK il KRS
si t exeqileemenual fomdedmdofsigeel osespartatliicmegroarsesng,

W th capaci eeds and rel C factors. For
exanﬁﬁgf'aagésg §€éﬁ?%ﬁ14§§fé%§ggi§$%kﬁfi%ﬁ%§%3 sectors,
wi t h [aaB23ect oratkidgapppentedciy e tusms mitheany of

[001 Lopl enent ati.on vary froma sj.ngl e sector,
Lo nt e, pBBYE ST UMD aMeole Yty SRR Esl cos
my pephthdevtiednitiddieatzigubh owhel evaindon, ierused,
azi h and.el evati on Ianeg. A ke ‘_rk%gefit, of  usi n%
sect NI NIRRT ET > 4t 1607 QBeBOPWEAYREPT ot £r AERFAGEDe
the deitibee 3t adReemidesicmeatel wehe hidk anmehekhexample
beam f or.ni ng met hod. Leavi ng@%}he coverage regi on of

0

one SOULEr PEoFRANAHATL i AREPRR ofkements (a Tactor of 2)

that are uncorrelated with unequal polarization (a
factor of 2*2), and in combination with the I and Q
components (a factor of 2*2*2) so that 8 independent
mixed signal sums are generated.

[00153] This mechanism could also be used with the
antenna array deflection technique to create more sums
of signals. Each of these sums could in turn also be
separated inte I and Q components,

[00154] Another aspect of the invention is directed
to undulating transmit patterns to support effective
area coverage. Referring back to FIG. 3, this aspect
of the invention corresponds to Block 92 in the
transmitter processing section of the illustrated
roadmap. Signals from external transmitters are
interferers to signals from sites a device is trying to
communicate with. This problem is mostly addressed by
treating the external signals as random noise. As long

as the signal to noise ratio remains above specific



reduced to a classical handoff situation. [00160] The
recei ver typically generates the pattern changes

W@ eiosapiie2 f or BSS processing. I n contrast, thePCT/US2007/088134
transmtter utilizes techniques so that a suitable BSS
decoder environnment at |east partially exists. In sone
i npl ementations this will nmean the receiver need not
generate any undul ating patterss.-In other
i mpl ementations, it nmeans the nunber of undul ating

patt&m&%shsmsgnﬁ}fé Rilredr 8dyset. cdPHS HeddARA, The
enbodi nent is for one fixed transm ssion point 670 at
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Thi s "'enbodi ment addresses the situation when it is
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regi Q}rakeidb80s ORI SatTBE 1{APSHd A LSERa11
contours 682, 684, 686 may be undul ated Iin a

tim ﬁ@@éﬁ&éhc@ﬁgth@wcﬁ/vsttﬁﬂt he receiver 680, as shown in
FIG 45155901680 TEFRARYES 100t DE &gé’%i’]ﬁ’{grﬁelﬂagE?éps to

may be tined to colncide with divisions _
tranmtfceéynb@mtoumt@&d 6025064 sw gt wearwdmenuainde

cont Qui cgfm%geof%gf o 236 i‘Q eéiie e%é“%foI &gﬁé‘cgg
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wi | ore h the, differences, of

the FhPEeRef S8 MEP e g i pd S e F e Bt g P
val uesch[ 06064] adrshqgear biycphatéyn ddrecduree®50, 652, 654
transm %ﬁgr ?30 transmts a source signal defi ned by a

char &&t

[00156] Similar contours in geometry are useable, as
long as they are rotations of each other. The three
patterns contours 660, 662, 664 shown in FIG. 19 are
all similar in geometry, and they are all usable
because they have different gains in each direction.
While similar pattern usage is explained, and in some
implementations will be the easiest way to implement
the patterns, the set of patterns need not be similar.
All that is required is that the set members differ in
gain in each direction of transmission or reception of
a signal which serves as a channel path to the other
end or ends of the communication link.

[00157] In general, one plane of signal gain contour
is illustrated herein for ease of visualization. The
referenced undulations can occur in azimuth, elevation
or in both orientations, i.e., on the surface of a
three-dimensional shape surrounding the antenna. Which

and to what degree each dimensional direction is



conprising a plurality of synbols, and at |east one o

f the synbols in the character set is transmtted at a
waledoBeram power | evel so that the transm ttedPGDUSIOT/088134

signal appears with L linearly independent power |evel

time periods, where L > 2 . The anplitude o f each

synbol in the character set nay be constant, with at

| east two of the synbols beingggt_different power

| evel s, for exanple. [00165] While undul ation covers

al k@l h 9NGe PO NARHCQRLLM N ed % $€EUAEEi8n of
sinplified i nplenentati on woul d have the overall power

| evelProf eched skenef it pnsdgehysheat abmpkesensationn woul d
therefiq e £¢885N the sane in the mathematical sense of
the word simlar. [00166] Wiile all sectors of a
specilf0d5Bdse Bhatbaricogngenpplty ¢ arsristecgiored coverage

U”daﬁkgggﬁsa& O 158 U s%*%ﬁ}é?uré Ns SOIE & %Cgfé%éﬂcﬁémber
it u e befter to have only sone subset do so, or
apporafi secthes deyi vz ast wrddeat wbhh apaprysitt t meedecends.

For i . . yed : I
fromasarse sort hiBIED Y AR HET, £ 4tS, She i O hay
woul debeipidédrmte I captdusat eitheeadbusictoirgbalingrom

sectar. A d_ | eave the .weak signal fromB at its

hi ghesruplpg\%?a bﬁfli% tfri?pqse £4ti on woul d act ual | y be
soneoat 500 de pbnslbsie ftradmontsi mhy svgimal £ swas at keéndesi red
one and which was the interferer. For .instance, the

i nt ersre&tSF'ngah?n aaclfrlifaﬁ“ﬁflt}é REIF oBIe i jﬁa sefhprs
its |uealset@anohaPeod editeiadigegnifhi ciontddintitd be t he
face m ni.mum | evel, i s _necess for

r it.to
CommPTEUALEON t B AN BRI BYF Rt L P PEAe s £ A keY
receipep@ rdenbhandisd Hrtdtorang @bl th4©MONA 1K iEBES the
transmtters using the undul ating signaling, the

receiNPéR hEFeFyr ks enfeudcauft nifie othex end of the

link as per the beam forming method. Leaving the
coverage region of one sector for another is therefore
reduced to a classical handoff situation.

[00160] The receiver typically generates the pattezn
changes suitable for BSS processing. In contrast, the
transmitter utilizes techniques so that a suitable BSS
decoder environment at least partially exists. In some
implementations this will mean the receiver need not
generate any undulating patterns. In other
implementations, it means the number of undulating
patterns 1s significantly reduced.

[00161] One embodiment is for one fixed transmission
point 670 at an infrastructure site transmitting teo a
wireless mobile communications device 680, as shown in
FIG. 20. This embodiment addresses the situation when
it is unknown whether other transmission sources in the
region are also operating. The transmit pattern

contours 682, 684, 686 may be undulated in a timing



each pattern change, and uses the resulting data to
popul ate the matrix for BSS processing. [00168] If
WQ b@s@71182 a mi x of transmitters using the unduPGr/Usz07/088134

signaling and others are not using it, the receiver

can use classical signal separation techniques to

account for them Methods such as beam form ng and

mul ti-user detection may be usgg,_for instance.

However, the BSS nethod will usually be nore robust.

When qupehceal, kh&f 1S9V Secedfel NPEEBIY HRWGLEER FIc.
def or mati on and generate enough additional patterns to

i ncredse the rank of the BSS matrix above the nunber
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redu?gggkﬁﬁglﬁﬁ%&?ftgi%ﬂ%ﬁ%gﬁi??g$'670 is sending a
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et need,not be rotated or dissimlar, This is . because
the Li8e B Ter el eal BB ThoSlind By ans T as kgt
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transm tt 670 t herefore use a sinple power
chand Hofnehat ARSI TE et SPR TATRRI® (FhP oSG RATS 02t
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stre [ ummed at the receiver 680, BSS processin
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constansimitaNP| skt signal defined by a character set
comprising a plurality of symbolé, and at least one of
the symbols in the character set is transmitted at a
different power level so that the transmitted source
signal appears with L linearly independent power level
time periods, where L > 2. The amplitude of each
symbol in the character set may be constant, with at
least two of the symbols being at different power
levels, for example.
[00165] While undulzation covers all variations on the
power contour of a sector, a simplified implementation
would have the overall power level of the sector
change. The radiated pattern would therefore remain
the same in the mathematical sense of the word similar.
[00166] While all sectors of a specific base station
could apply transmitter undulations as discussed above,
in some circumstances it would be better to have only

some subset do so, or apportion the degree of



This is because the power dithering source provides
t he changes necessary for its operation. If nore than
wor@s0ther streamis received, they appear as BCHUSDB088134

grouped interferer to the BSS processing, unless the
receiver 680 itself uses other separation neans, or

has its own undul ating pattern generation capability.
While this scenario will sonetjges occur, it is not

al ways practical or the nost reliable. [00171] A
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receiver 0 n_det er,m ne the degree t.0 ich each
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tranasm tter 670 cgn LQﬁg a%just its_operation to

i mpr ove "ERESPRRK, FU i FE CORBUPHTRTS ‘Bt &00E PERET

i nt erde®iieace to other conmmunication |inks. Sone of the
adj ust could be: whi.ch and in what. sequence each
OB S S R gt LA S W e

the oourse Abré@ Syddlittedds Mk$640thd iurRiuladhagge from
Mto N contours) . Adjustnents in contour changes per

P
synmbGLORPLE P Aecths F U 1U6Hv BFERLY oL RS Seewiledr dpging

each pattern change, and uses the resulting data to
populate the matrix for BSS processing.

[00168] If there is a mix of transmitters using the
undulating signaling and others are not using it, the
receiver can use classical signal separation techniques
to account for them. Methods such as beam forming and
multi-user detection may be used, for instance.
However, the BSS method will usually be more robust.
When practical, the receiver can implement pattern
deformation and generate enough additional patterns to
increase the rank of the BSS matrix above the number of
signals to be separated.

[00169] For the BSS decoder implementation for
example, if three transmit pattern contours 682, 684,
686 with three signals are sent by the transmitter 670
and there are two other signals being received, the
receiver 680 would need to generate at least two

contours to separate the interferers against each



best performance. [00173] As readily understood by
those skilled in the art, a source signal transmtted
Wh008k27102 ansmitter 670 i s defined by a char ack@&r/USHD7/088134
conprising a plurality of synbols, and at |east one of
the synbols in the character set is transmtted at a
different power level so that the transmtted source
signal appears with L IinearLydﬁngependent power | evel
time periods, where L > 2 . [00174] While changi ng per
Sde"ﬂﬁ?@rtlTR?sp%Qcéﬂféa do%t%ggg f&@%'éﬁgd qg%%d'ha$%|$een
of ten be nore robust to make changes on a synbol or
mul t inslededy fpfothdasyansmiliteri §78ceaxs nathaegiengtihe its

power_ ] e dugi . | accenptable .
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separé®0 ds pdwaysesedureednornal |y derived froma nunber

of sy I this is_an ac ta i mpl enent ati on_from
a reégﬁggpjpro%gs%i?ﬁfQﬁng%ggfn?58[b%lﬁ%ﬂgiﬁﬁbﬁhé?ngﬁe
enboditmeatn ahuodvessigidli plaeht r ansnpsiSih REntbart bat
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to J dif anamcbheber aSI £ hh 1PRBhBUBE REFDS! r Qfm URI QURmed at
relative power levels = L .* *L . [00176] The rank

of tHdenteFRGVAEL$8 BSS exceeasine wikbde GbleotiPces

to beeparakat eleOfed RYRGR’ 8nbNif AGindYR SAULEES: Eikie.
the sunms than the receiver cares about. |If this IS not

the J3dé dBePRBRYs% &9 [Power dithering source provides the
changes necessary for its operation. If more than one

other stream is received, they appear as a single
grouped interferer to the BSS processing, unless the
receiver 680 itself uses other separation means, or has
its own undulating pattern generation capability.

While this scenario will sometimes occur, it is not
always practical or the most reliable.

[00171] A pattern transmitter in the receive mode may
be used. Since BSS processing of multiple pattern
contours is an excellent method for signal separation,
the same techniques used to generate the transmit
patterns can also be used to generate multiple receiver
values. The only cost factor for BSS reception when
transmission is already supported, is therefore the BSS
processing overhead.

[00172] User equipment receiver 680 feedback 690 to
the transmitter 670 may also be used. While not

strictly necessary, feedback information from the user



degenerative, and the rank will collapse to the nunber
of actual sources . [00177] The receiver operation for
WO b@sotdni transmtter site inplenentation i s bRST/U8100Y088134

the sane as for the single site. The difference is

that the patterns generated by each transmtter can be
counted at the receiver for BSS processing. [00178]

More robust operation however 4gmy- be obtai ned by
receiving information fromthe network as to the
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[00173] As readily understood by those skilled in the
art, a source signal transmitted by the transmitter 670
is defined by a character set comprising a plurality of
symbols, and at least one of the symbols in the
character set is transmitted at a different power level
so that the transmitted source signal appears with L
linearly independent power level time periods, where L
> 2.
[00174] While changing per symbol will be practical
in some applications, it will often be more robust to
make changes on a symbol or multiple symbol basis. This
is because changing the power level during a symbol may
have unacceptable changes in the symbol itself. Since
the signal separation matrices are normally derived
from a number of symbols, this is an acceptable
implementation from a receiver processing viewpoint.
[00175] Another embodiment involves multiple
transmission points that are known to be using the

above-described approach. Each transmitter is capable



avai |l abl e capacity. [00181] Referring nowto FIG 22,

mul tiple nobile wreless communi cati ons devices 710,
wWQ2@8/0730 transmtting to a fixed access poi nt PGEH0S2007/088134

nodul ate their RF patterns. The intended access point

740 and uni ntended access points will therefore

receive different power |evel versions of the

transmtted signals. This provjges the information

necessary for the intended access point 740 to
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different for the J nobile wireless communications
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transmitter site implementation is basically the same
as for the single site. The difference is that the
patterns generated by each transmitter can be counted
at the receiver for BSS processing.

[00178] More robust operation however may be obtained
by receiving information from the network as to the
nature of the coordinated transmission parameters. For
instance, the rank of the matrix, which in turn
dictates the number of required patterns, can be
adjusted. The receiver’s generation of patterns, when
available, is therefore adjusted per this information.
Network wide radio resource management can utilize
information fed back the user equipment to establish
network wide pattern usage, orientations, power levels
and timing.

[00179] All the methods discussed above for building
the mixing matrix may be used as part of this

implementation.



relative power levels is (Li*...*Lj) , and therefore,
the rank of the m xing matri x can exceed the nunber of
WG WBHOZH021 0 be separated when there are in fackCHOR®07/088134

sources in the sunms than the receiver cares about. If
this is not the case the matrix wll be degenerative,
and the rank will collapse to the nunber of actual

sources . [00185] The nodul ati gg can be a s sinple as
changing the transmtted power. This can b e done
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RF patterns. The intended access point 740 and
unintended access points will therefore receive
different power level versions of the transmitted
signals. This provides the information necessary for
the intended access point 740 to populate the mixing
matrix for signal separation techniques.

[00182] Still referring to FIG. 22, there are at
least J mobile wireless communications devices 710,
720, 730 transmitting at a same time, where J > 1.
Each mobile wireless communications device transmits a
source signal defined by a respective character set
comprising a plurality of symbols. At least one of the
symbols in the respective character set is transmitted
at a different power level so that the transmitted
source signals from the J mobile wireless
communications devices appear with at least L, to L;
linearly independent power level time periods, where L,

> 1 and at least one Lji>1.



that the best approach is to nmake the signal easier to
renove as an interferer, while still providing
wa@eegnzte2 al i gnment for separation at the intePdBUS2007/088134
receiver. [00188] If there are other signal sources
whi ch do not use the RF power |evel nodul ation
techni que, classical signal rejection techniques can
be used. Alternately, the recesyer nay use patterns or
ot her neans to increase the rank of the BSS suitable

mat ripoo1B¥eN ithé hendSHderr atBaBs P& entit740d,26M4chhRay be a
degree of the matrix information derived will greatly
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transfid ked bynR GIBNSI6UMla@lse to the number of actual
sources.
[00185] The modulation can be as simple as changing
the transmitted power. This can be done independent of
the pattern’s contour, so omni-directional, sectored,
or even beam formed patterns can be used. Other
techniques such as changing the bore sight of a
transmission beam can also be used.
[00186] A particularly effective approach is to have
the transmitters use aligned time slots as discussed
above. The timing can be set by using internal clocks
in the devices, or synching up to a common time mark
sent by the intended access point 740. If there is
misalignment as to when the signals arrived at the
receiver, there is a degradation in the BSS processing
ability to separate the signals. Alignment can be
adjusted by determining the distances to the devices,

or measuring the time delay. Timing advance or



is a spread spectrum source signal defined by synbols,

where each synbol conprises a plurality of chips based
WQIp@R/0zZ718pr eadi ng code. A portion of the chi psP@i/URI0N7/088134

each synbol is transmtted at different power |evels

so that the transmtted source signal appears with L

linearly independent power |evel tinme periods, where L

> 2 . Anobile wirel ess communggati ons device is used

to separate the source signals provided by M signha
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provi di ng one of the source signals with the
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Alternately, the receiver may use patterns or other
means to increase the rank of the BSS suitable matrix.
Even if the latter means are utilized, the degree of
the matrix information derived will greatly reduce the
overhead to implement at the access point receiver.
[00189] All the methods discussed above for building
the mixing matrix at the intended access point 740 may
be used as part of this implementation.

[00190] Another aspect of the invention is directed
to BSS processing and pattern undulation to aid CDMA
signal separation. This enhancement to transmitter
processing is applicable to both Blocks 90 and 92 in
the roadmap illustrated in FIG. 3. Code division
multiple access systems (e.g., CDMA IS-95, CDMA2000,
WCDMA) share the same allocated RF spectrum amongst
multiple users. This is done by using pseudo random
codes to select the various transmission signals at

each chip (i.e., time period of usage) occurrence. In



results in greatly reduced data rates and may even
result in dropped links . [00194] For a BSS al gorithm

W@ 20080fA61 i vel y separate the signals, the x , PEDESW87/088134
signal must be an aggregate of the signals received at
the antenna with relatively different weighting
factors associated with each individual signal. This
can be done at the transmtters,the receiver, or both
positions. Wether the weighting factors are changed

at thet Eg@ﬂ“ $5L P00 9 & Sersgee&’tﬂf%ae%d’li‘nﬁe#Ca”
be changed per chip or set of contiguous éhlps. The
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aggreqate received signal . [00196] If a transmtter

i s sendi A§CEEF nt ¥ Etream al ong a signal path, the
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dissimlar. This is because the signal as detected at
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receivéd, Rhegbhbpetirredess somyheliepbiqned device is used
to separate the source signals provided by M signal
sources, where M > 2, and with the transmitter
providing one of the M source signals with the L
linearly independent power level time periods, as
discussed above.
[00192] The mixing matrix formed by a signal
separation processor forms a mixing matrix comprising
the at least N different summations of the M source
signals. The mixing matrix has a rank equal up teo at
least L*N. A number of the portions of chips
being transmitted at different power levels within each
symbol may be equal to the rank of the mixing matrix.
Each portion of chips being transmitted at different
power levels within each symbol may comprise a set of
contiguous chips.
[00193] The ideal situation, however, breaks down in
three scenarios. One is when orthogonality is lost or

diminished due to differing path delays for the



interferer to the BSS processor, unless the receiver
itself uses other separation neans, or has its own

W@ aWalhztdng pattern generation capability. [OORCIUS2007/088134
While not strictly necessary, feedback information
fromthe user equi pnent receiver can be used to
i nprove the overall operation of the |inks. For
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LT i%%eght R PR GSEieeR 86 HRTI BATDH Dy G0y d5hr Lively
appr eaddifezent OR4 D81 t itle Facappsoashesid vl vdehweaphnor e
t han ,one sink.is, being pawered he sane anplifier,
the BSS'Sr3ERLsT Y tharddes E3R % é%ecrﬁ rﬁhfggrﬁ‘ﬂs‘altter'
fashitor sdebitvéal dhecinpokithenpowis Hr dhle we@§ntsng
remaifns constant. In other words the increase of sone

actors are changed at the transmission end or the
reception end, they can be changed per chip or set of
contiguous chips. The basic requirement is that the
aggregate signal be adjusted per symbol at least as
many times as there are signals to separate.

[00195] FIG. 23 shows a case where in frequency the
symbol is varied 12 times (12 chips). The parameter
being varied is held constant for 4 chips. Three
variations per symbol implies that three distinct
signals can be separated from the aggregate received
signal.

[00196] If a transmitter is sending a single stream
along a signal path, the pattern contour set need not
be rotational or dissimilar. This is because the signal
as detected at the receiver is being changed relative
all other received signals. The transmitter may

therefore use a simple power change for the overall



transm ssions is offset by the decrease of others. If
the power is nodulated at a value close to the chip
WO 2108/0711b2 excess power can often be absorbed PYT/UR07/088134
decoupling storage elenments with mnor ripple induced.
Excess power can diverted to a dissipation |oad.
[ 00200] The patterns in two or three dinensions nay be
created by a nunber of rreans_fgg both the transmt and
the receive antennas, including adjustnment of the
del a 0 v, Of r as;
0ol DA ROPSENL POl RS, 061 Nl S gpe of the
changesitionrpol &ronky i wre oa:ﬁnamgesremptﬁJ\m‘urrmealnet the
| oadi iLch S f ' f.1h
rrechaflr%%ce\gl(} %bvgﬁgenfr%%%%g‘#egggoré %jfo orsiagﬁ € them
conbiavan ahoofh amye off s tdms&lao\zem[&@ﬁnﬂﬂud@ | Thhie is

met h %Scag;i scgﬁsedoaebov f%rrlgw [ di ng theovm e|sn8 mat é‘%(
may B Gsed AR LN ﬁp?%‘ﬁ%n‘?a‘? on §505)anges

Many rmméisﬁiacgt fons;.md:pﬁrlaelioenbmﬂlm shain tolne other
i nvent.i on w.l m nd of one skllledlnthg

o S arRAn R SOPRHID ey aPPesE TR Telen asduph

t he fmegaeagrde«scmqotﬂsmfpraﬁdskbe, assfd At} receiver
erefore, it is be understodthat t he

d
ooritizn £ USRS Shfen s anarat S BT Y Gadi s ouh

enbodindRnbe idySphoseth qune rahabnmegb4n Catdyans and
enbodi nents are intended tq be included within the

scopd 99t he PPpiRIRPTISHTHS AT TR X Y-S feeabRED | S:

1. An@%ﬂ‘ﬂiﬁﬁhoﬁ%réxﬁﬂﬁaé)&%&”\eﬁﬁﬂﬁhéﬁﬁ NEcellvelreash Be
nobil e wirel ess comuni cations devices transmtti ng atF
or

a safSed 8, 1REPEe jthe pveradd epera it I9F iheeLégks
CONMURIsEAheNSt HEVE &b ivedN $aht bk POrmi FOWHE Riggeal to

defined by a respective character set
which each change in pattern contour provides useful
data. This information is fed back to the transmitter,.
The transmitter can then adjust its operation to
improve the link, utilize less power, or cause less
interference to other communication links. While there
are many ways of changing the power profiles, some of
the adjustments could be which and in what sequence
each pattern is used; how many changes are made during
the course of a symbol transmission; and how to
modulate or dither the power to an individual link.
Adjustments in contour changes per symbol will need to
be conveyed to the receiver for best performance.
[00198] Practical power amplifiers are best utilized
in their linear operational range. With a large peak to
average power ratio, the operational range for linear
operation is reduced resulting in a reduced linear

dynamic control range for the PA, and hence a reduced

operational distance between transmitter and receiver.



conprising a plurality of synbols, and at |east one o
f the synbols in the respective character set being
W@ e@semilnr ed at a different power |evel so thaPCT/b82007/088134
transmtted source signals fromsaid at |east J nobile
wi rel ess communi cations devices appear with at least L
i to Lj linearly independent power |evel tine periods,
where Lj > 1 and at | east one ésj_:> 1 ; and a fixed
conmuni cati ons device for separating source signals

pr.o"iwgigﬂ g&ré\’% S{ g3l $QURSHS: WEIE My %e%ng gpth Mdd
sai d nobi I € wi el ess comrunicati ons devi Ces
provittingcdnodri hanVibsomit égetephatys saveinadi agpupatioes.
(Li *.rnnshhy idearl v in nden oner .1 evel

beri J9010RL; o TR el OSRAES T RRIE el sk PRan, one
an astieknas areiyg gomeriesi hg thandamanglldfeetrs tbhe BSS

RN NS T T Y X

ecei

sai d saphenhat afika s unolo fr ebei powgrd hef atlll eaghalls remains

differen% su tigns of the glsource sign%ls, and a

si gn&PPEERRF at rbnOtg}e6c§'§§ P ERUpH T $35 % &itd SPBEei ver

go][ f fteBABMYs §1 sA X0 df]ch@re:gxwompé i s dyp aslee o@it okr@ss. NIt
ifferent sunmmtions of the M source signals, the

T xi AYCHBOPER TVIHEZ CenRt e 1 GUR CPekEE PRIP

C*.. rakk) the SaidbsSipPmalr sepasatdONMY EessBedi BY the

separating_desired source signals fromthe m xing

mat r iGBRCOPPLing cHrRAAAS LEBRETS vy BT FiLRELE o1 BHAFSH -

1 whekekBsSpbke AtcdfasStved tBRDES €2 MR 8% ion load.
comuni cati ons_devices use tinme aligned slots for

trandfPRPPhy tThE RATEEDS| §Rafeo or three dimensions may

be created by a number of means for both the transmit
and the receive antennas, including adjustment of the
delay and power level of phase array antennas;
parasitic antenna elements with switchable loads;
changes in polarization; changes in power plane loading
which cause deflection of the patterns; mechanical
movement of elements or reflectors; and a combination
of any of the above.

[00201] All the methods discussed above for building
the mixing matrix may be used as part of this
implementation.

[00202] Many modifications and other embodiments of
the invention will come to the mind of one skilled in
the art having the benefit of the teachings presented
in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the
invention 1s not to be limited to the specific
embodiments disclosed, and that modifications and
embodiments are intended to be included within the

scope of the appended claims.



3 . A comuni cations system according to Claim?2

wherein said at |least J nobile wireless communi cations
wa@leasozd02ach conprise an internal clock for SPCT/USZP07/088134

their own timng to correspond with the tinme aligned

slots. 4 . A communications systemaccording to Claim

2 wherein said fixed communi cati ons device conprises a

transmtter for transmtting_aggynch signal so that

said at |least J nobile wrel ess conmuni cat i ons devi ces

can set their own ttﬁ@%ﬁﬁipq:rsr@wggnv\tgh the tine

aligned slots . 5. comruni cati ons system accordi ng
to Caim1l wherein for each nobile wirel ess

communi cat i ons; dev|ZgeconGTng%l@gpgbﬁyﬂgyﬁﬁn?%%ﬂlpﬂg?g{;

the character set is constant east
the symbol s beahgledstdiX fmobahe pomlesse\cwlnmunﬁcatﬁons

'v‘i@ LOPRa Sy ki di DGl 0 Q& o ’Bh]err‘@“%r €9, and

sal i xed conmuni ca devi ce |s basé
St at ieschsoobhae wtueemﬁnmmahnomsusrysstmﬂc& transmitting

confi gured as_a c etwork, 7 .Co ni_cations
Syt EneaRaaRoF Ry T AN Fingr e PPy aptrgC ot Set
W I elcesprieimyna mlumist@ewiceymbm; sagl atr aeasyedtne of

d Wh t furth
compr TEcS VPR FS oift (i ReFET 1 or R SAA g oFcbBbARK

to eanfansmbitted vat el @RY fe@eWUNpo@ét ONsvdle\Wcehdtatkai d
receivers on transm ssiqgn of the at |east qne synbol

in t i&3PSEPEEET VIO O8RS EORtSTHE & flteélsé'nF mobile

powersilreveks coﬁhunf&éﬂﬂﬁﬂ@nH@ﬁht@@saﬁbéaﬁﬂnrﬁﬁC@Edlégst 1,
to Caim?7 wherein the feedback conprises at |east one

of adi%udenkiftesoti% A@ ﬁBﬁB?eP%v%?we%&&Vélsééﬂ‘.}%n'&"e“o‘?ds'

the where Ly > 1 and at least one L;j > 1; and
a fixed communications device for separating
source signals provided by M signal sources, where M >
2, and with said J mobile wireless communications
devices providing J of the M source signals including
up to (Li*..*L;} linearly independent power level time
periods, said fixed communications device comprising

an antenna array comprising N
antenna elements for receiving at least N
different summations of the M source signéls,
where N > 1,

a receiver coupled to said antenna
array for receiving the at least N different
summations of the M source signals, and

a signal separation processor
coupled to said receiver for forming a mixing
matrix comprising the at least N different
summations of the M source signals, the
mixing matrix having a rank equal up to at

least (Li*..*Ly) *N, said signal separation



synbols within character sets being transnmtted at the
different power level. 9 . A conmunications system
waewendilny to Claiml1l wherein said N antenna ePENESL1087/088134
conprise N correlated antenna el enents. 10. A
comuni cations system according to Claim9 wherein
said N correlated antenna el enents conprise N active
antenna el enments so that said s.?tgnna array forns a
phased array. 11 . A conmmuni cafions system according
to Cdaim9 wherein said carrel aﬁed a te.nnad el enent s
conprise at | eB8YCBHE AT vECRAT BhnaY 1 TS, SHdEp
to NI passi veshmhalsa mirevhet aigbng hedtisiai.d ant enna
array fornms independent sunms of incident signals. 12.
A conmmuni cations system according to Caim1 wherein
at least two of.saial ddnaiindiead i6h&NEPS SAK & RIriehat ed
and have different polariza ionfmgor recei vi ng at
[ east YBRECRR (3 ek it B S b Me A ofp
SOUr GnmiugRahsiods. AV I WREC 8L O NS1 SHEEPH13EE0EdENg
to Adaim1l wherein said fixed conmuni cati ons device
f ur t HERIEBABFFRBsERE (RUFEE S+8PRAS phase and quadrature
nodul e coupl ed between each antenna el enent and said
recei ver for separating each one of the N different
summat i ons of €he M SHHFRRISAGAANE FLTEHW SFOFEiagyto

i Nt o AR N 2PRAS Le AN AUAHALUESL COMRODENYE Hle1881 d
recei ver receiving the at |east N inphase and
quadreamuaieahpenerdeEices £FFNt REMBY 1T AN IVLGLPREr EHOCK

SUMTBdJ,0R3 +@fnk h@hé\dlswrp%iﬁdinaté; cEPE U $i8Rakhe
separation _processor forming the m xing nmatrix
conpriigienglagnedasio®{ *N di fferent summations of the

M source signals, wth each in-phase

4. A communications system according to
Claim 2 wherein said fixed communications device
comprises a transmitter for transmitting a synch signal
so that said at least J mobile wireless communications
devices can set their own timing to correspond with the

time aligned slots.

5. A communications system according to
Claim 1 wherein for each mobile wireless communications
device, the amplitude of each symbol in the character
set is constant, with at least two of the symbols being

at different power levels.

6. A communications system according to
Claim 1 wherein said fixed communications device is
part of a base station so that the communications

system is configured as a cellular network.



and quadrature conponent set providing 2 inputs into
the mxing matrix for each of the L linearly

wo paspznorent power |evel tine periods, and w tPCT/K82007/088134
m xi ng matrix having a rank equal up to at |east
2*L*N. 14. A communi cations system according to Caim
1 wherein said wireless communi cations device further
conprises a code despreader coypled between said N
antenna el ements and said receiver for decoding the at
least N different s ey C I
each one of ch'N ol’s‘l %er Lﬁ{l%sagprﬁggl o%é ﬁC%t?sﬂdgg% e
codescliagm Brsbedehy dadi modridat winehes$ ocrmmromuclaelwhs
Sour GRealcanabipth Ll L [ IRALLY | DASPANGEIN, QU o gyg
time periods assocT at e er ew t sal d tecelver
recelqnnmglnatcateass feL e cflﬁrrteaentompmm$ ang ixkdt he M
sour an S .sj.gnal roce
for mccﬁra% %1 @L;gr ?an%oqudlgl frI §|8?1 a{) §
k*L* Mlcheflfeelsenbmummmumrs d‘évﬁhe Msown—e &@ﬂ&le&s on
t he X|n rmtrlx V|n rank equa tQ at | east
k* L*E SEoh €| Chdﬁl on& egyk t%ﬂ?a t8ed ai m
1 vvhereeslpl@csavd ameamaezarsreay genEhat@isfﬂ\éﬁemﬂ Ip@lwer
antenna patterns, said antenna array conprising an
el evati'on>¢ontrol l er for selectivel y changi ng an
el evation of at |east one of the Ninitial antenna

patterns for generati | east one additi onal
ant enna patterﬁ o) ’i‘tf:é’tg““élﬂ’llcééé?nﬁn%y%fﬁ? t§5eading to

di f f enent suwnatéon ﬂﬁetﬂ@%dﬁb%ﬁuﬁéﬁp§iéﬁgﬂé%'E%ast one of
recei ved thereby sai d recelver recei ving the

di t f ABHSLEERFRE T OHAS doWeHe LRFSbur 2% 51 gﬁﬁ%ﬂ‘-’@“&@l A§ the

N i nidymdlo18Nk€0REN P A er 3BT BEELY I W RE t3kal §8Sthe
one additional different summati on of "the M source

si gn&iffgspRy PAeehntle%dst one additional antenna
pattern;

9. A communications system according to
Claim 1 wherein said N antenna elements comprise N

correlated antenna elements.

10. A communications system according to
Claim 9 wherein said N correlated antenna elements
comprise N active antenna elements so that said antenna

array forms a phased array.

11. A communications system according to
Claim 9 wherein said N correlated antenna elements
comprise at least one active antenna element, and up to
N-1 passive antenna elements so that said antenna array

forms independent sums of incident signals.

12. A communications system according to

Claim 1 wherein at least two of said N antenna elements



sai d signal separation processor formng the m xing

matrix conprising the N different sunmations of the M
weoB0#7181 gnal s and the at | east one additi onaPCT/US2007/088134

di fferent summati on of the M source signals, for each

of the L linearly independent power |evel tine

periods, the m xing matrix having the rank equal up to

at least L*N plus the nunber_oggagditional di fferent

summati ons of the M source signals tinmes the L

i near i I ' erl. LUsin

the® 278, cPBAEFEERS dnch Wi, WEKEerAE PO ANR RS Par.

syst emcadedndi ag ters@ diwm diwhbe el dsfakegitgsammations of

separ:il{i ANl ogEssar clonpri ses a blind signal
the. sQurce signals, .
separati on processot, "and separates the desired source

signals fromthe m xi ngnmatri x based on at |east one of
princi pal conppnent_ anal ysi.s_( PCA i ndependent.
conponent analggis ¢ N15R 18?%gﬁ¥fRﬁﬂlﬁ§°°rglng to
decoml@dimt 1 oRhé B saild’.fifedOonBMmhCHd 4 QIR sS iglre Be
accorgigg to Caim1l wherein said signal separati

n
proc e PAPRT E3°T 1fe IFEEFFEYVE ot R AT AR qflﬁgﬁ?ture
the micgung BBhpled hnrsaedeon cacknent &sige dlasRéht and said
processi ng signal extraction Erocess. %ﬁi A .
commFsiCEAF PEN5OEyETRARACGr 6RRY P8 P hither Nardfppent

sai d suineha@h oS8 PSF AHDM HRERESOLghePA A RS villie teskppd
source signals fromthe mxing matri x based on a

conbiif&Ci 8 SP-RhAGRHENEHGEPEIERT S| ERRRONSAY €1 on

process and a PhiddrdHRRA)r $PALMANEHY QeIRast1R. ih-
nmet hod for operating a comruni cati ons system

conpiEhgisagandr GRatH 2Ry CAMPANSAES ¢ NELQF Itdgspt)least N
SOUr Gf r¥egBAL Ss iR Hnd ©8Sthd UPRLLEMIRIRIS; and

conmmuni cat | ons,
said signal separation processor forming the

mixing matrix comprising at least 2*L*N different
summations of the M source signals, with each in-phase
and gquadrature component set providing 2 inputs into
the mixing matrix for each of the L linearly
independent power level time periods, and with the

mixing matrix having a rank equal up to at least 2*L*N.

14. A communications system according to
Claim 1 wherein said wireless communications device
further comprises a code despreader coupled between
said N antenna elements and said receiver for decoding
the at least N different summations of the M source
signals, each one of the N different summations
including k codes for providing k different summations
of the M source signals with L linearly independent
power level time periods associated therewith;

said receiver receiving at least k*L*N

different summations of the M source signals; and



where J :> 2 , and each nobile w rel ess comuni cations
device transmtting a source signal defined by a

WO e®peTHIYe character set conprising a plural i BgT/6§2007/088134
synbol s, and at | east one of the synbols in the
respective character set being transmtted at a
different power level so that the transmtted source
signals fromthe J nobile wretess comunications
devi ces appear with at least L1 to L linearly

i ndependent po lavel qti ' re L ...>
and at | east o%\%{q_j&ﬁfl; sgﬁapgé%%?iﬁo%%zﬁ%raf F?(%%I& the
conmmixéagi nasr beviawrisingetbe gl kegutow*dedd Dyffkrent

si gnal 4 , re > i he il ,

Wi r el%élglﬁlgg%(rgrﬁ%n?%\‘z;iq}eor%ﬂsgél\%/f:geé\iég%fvsl 'ditjféan?f' glﬁgtﬂaetﬁx
sour devsngnal sanhctqdilngpupot et (Ledst .KAIj*N.l i nearly

i ndependent power |evel tinme periods, the separating
conprising receiving at least N different summtions

of the M source5si gnalcenmah iant Aoh € s taint aycovkiene £ |

pr ovi gi ng ihe at_Jeast, N different sunmmations o& t he Ml
sour Ce3dPghat’ie 19 h FdEePPEP BB UPT RYY (4511978 Safit BnnRt F12
arr ayntandaf patidiths HatidngniBhiia Xa CNPrdokiprd sihg ah

| east N different s tions o.f the Msoqurce signals,
the IRLEVAGLARE FIR HiiSTg TR7r ARKSBEHUA UF AR a BRst

(Li * eleVbilof Nof add 1usistg oaeSbgnahe SEPAiAtliaQNantenna
processor for _separating desired source signals from

t he MR Fat?Y e AFatANFethobeare i f§dLsiepal npenna

wher glat tbRe 86 {18astat) 10@Rk| 8n¥l L& ESSHoAMAdRiFeaLheNS
devi ces use tinme ali ggdned slots for_transmtti ng t he _
sour éammation of the source signals is received thereby;
said receiver receiving the N different
summations of the M source signals using the N initial
antenna patterns, and receiving the at least one
additional different summation of the M source signals
using the at least one additional antenna pattern;
said signal separation processor forming the
mixing matrix comprising the N different summations of
the M source signals and the at least one additional
different summation of the M source signals, for each
of the L linearly independent power level time periods,
the mixing matrix having the rank equal up to at least
L*N plus the number of additional different summations
of the M source signals times the L linearly
independent power level time periods using the

additional antenna patterns.

16. A communications system according to
Claim 1 wherein said signal separation processor
comprises a blind signal separation processor, and

separates the desired source signals from the mixing



signals . 21. A nethod according to Caim20 wherein

the at least J nobile wireless conmuni cati ons devi ces
we2awk/otanpri se an internal clock for setting tPEl/DS0M088134

timng to correspond with the tine aligned slots. 22.

A nmet hod according to Caim20 wherein the fixed

comruni cati ons device conprises a transmtter for

transmtting a synch signal sogihat the at |east J

nobil e wirel ess conmuni cati ons devices can set their

own Gi¥hAg HQs&QT&ESRONG AWkt Bk hEs ?f@ucﬁlﬂaqn%@m onent

sl ots. WD 2008/ 077102 PCT7US2007/ 088134 63 - 23. A

met hddadgeds di AP ko i@denendgnthepmpongnsy anadlysasbi(I€r) ,

i 1 el SARTUNL £AIL AERARYLEL: oh NEs P! 1 Lude of each

synbol int character sét is constant, with at |east

two of the synbols being at different power |evels.
24. A method agsor i NbrrntkatMA9 YA N Jdedthyeds
conmuni cations device 1's part of a base station's

t hat Gllémcdnwherehn i orisl s\jignein sspaafiqguiradcassar

cel | I : a j I m
wner SRR EERETHS: | R EENRE PR Tk 08 Mg
conpmiages xabagedi arerg landledgerebas¢defdcesding signal
comrlJer;Jtcag:gzgng dgé/(i:ézses further conprises a fixed
transnitter ?orppr ovidi ng feedback to each nobile

wi rel ess comruni cati ons device via the receivers on
transm ssi on o{ thg?at Ie%st a{gne synmbol in the . N
respective chat&ct dt CEFRIAFAEAR i T¥ErBhe FORELDI tO
| evellaid61l #heréhodaicreidnay sepdlsdivr prsiesebn t he
feedback conprjses. at. | east one of adjustnent of the
pomerseupé\?sF?Bah LS REN CQVEF e ﬁbg%?/djrfboﬁtrs""wtf‘ﬁi fiixing

matrix based on a combination of a knowledge based

signal extraction process and a blind signal separation

process.

19, A method for operating a communications
system comprising:

transmitting at 5 same time at least J source
signals from at least J mobile wireless communications,
where J > 2, and each mobile wireless communications
device transmitting a source signal defined by a
respective character set comprising a plurality of
symbols, and at least one of the symbols in the
respective character set being transmitted at a
different power level so that the transmitted source
signals from the J mobile wireless communications
devices appear with at least L; to Ly linearly
independent power level time periods, where L; > 1 and
at least one Ly > 1; and

separating at a fixed communications device

source signals provided by M signal sources, where M >



character sets being transmtted at the different
power level . 27. A method according to Claim19
wok@se7102 he N antenna el ements conprise N corPEl/HS®A7/088134

antenna el enents. 28. A nethod according to O aim 27
wherein the N correlated antenna el enents conprise N
activeWD 2008/ 077102 PCT7US2007/088134 - 6 4 - antenna
el enents so that the antenna_aggay forns a phased
array. 29. A nethod according to Caim27 wherein the
N Cprf,ekﬁq:ﬁdtﬁgt qﬁ@oﬁ!eermgiéieggnp i‘%aéi%%%.t d2€ces
active antenna elenent, and up to passive antenna
el em@eyidénghdt of Hehatt emacar s agnd by ndlndépgndento

foi q , e .
21, 00ROl sl TELRY, 6701 U Wrocs,
el endies saperabine| eamgd isidghave di ff erent

pol ari zations for receivj . %e t, t . N
di fferent summations of Ilte%%l?/ﬁg u?%eles%,%na s?l!%%ﬁ?n%
nmet hod accor di sigmrhat idres mfl @hehEr sourddesifgnedd at an
comruni cati ons dgvi ce further, co IS a respective

i n-phase and q%%der%rfauraerrr?é’duf”gef% |%2d 'bet ween each
antenna el ement and t he preeébiry €lo¢ Hepiaradtti Ngde8€lrent

one of the N different su?n?bio s of the M squrce
signal s recei vEF PN BBy Ont8%al PR iass 9Adgs to a

quadr at ure conpeceiteseicupllled teCehe edntedtii brigyt heénd
at | east N inphase and quadrature conponent sets for

the at |east N different'OSOiREL P oAE* 019 (e s GaRRESing

signal s; and tfige SdNAasICRAHAEEOFe Y CARESRANH ohal BENGhe M

the source signals, the mixing matrix having a
rank equal up to at least (Li*..*Ly)*N, and
using a signal separation processor for
separating desired source signals from the

mixing matrix.

20. A method according to Claim 19 wherein
the at least J mobile wireless communications devices
use time aligned slots for transmitting the source

signals.

21. A method according to Claim 20 wherein
the at least J mobile wireless communications devices
each comprise an internal clock for setting their own

timing to correspond with the time aligned slots.

22. A method according to Claim 20 wherein
the fixed communications device comprises a transmitter
for transmitting a synch signal so that the at least J
mobile wireless communications devices can set their

own timing to correspond with the time aligned slots.



m xing matrix conprising at |east 2*L*N di fferent
sunmmati ons of the M source signals, with each in-phase
W@rWsfUAM at ure conponent set providing 2 i npuPGI/US1007/088134

the mxing matrix for each of the L linearly

i ndependent power |evel tine periods, and with the

m xing matri x having a rank equal up to at | east
2*L*N. WO 2008/ 077102 PCT7US2Q0¢5088134 - 65 - 32. A

nmet hod according to Claim 19 wherein the wreless
comuni cations device further conprises a code
despreader coupled between the N antenna el enents and

t he receiver fgﬁ dek otR Hipd Recardipgsto N h i ér9ehfher6in
sunmBd,0ns caf mbpeL Y/ ﬁ%fe%dss'cgmbmcsef one th%r@
di fferent summations including k codes for prOV|d|ng

di f f eameil todemafi emch ofyniied lins sbeceharapids seitt AsL

| nealdns mep@agﬁn%t t [G¥Ebet LHE DAIOAS pei
associ ateq ther ew t the receiver recelving at [nga

k* L* Nlicfi felrengnposermieveis of the M source si gnal s;

and the signal separation processor formng the m xing
matri x conprising the at |east k*L*N di fferent

sunmat i ons of 2he M swenloel aicgnat:léngthe @iadimd nwhergin
havi 2 ual to at |east k* L*N 33. _A net hod
nccordiond Ras Pt oFRESant cher % & vRSe
genersitags ol snlthat g eromenupdctedoss $i&témnus1manflgured
array_conpr '12 % an tel evation controller for

sel ectd Vel°V *¢RaREI YT %l evation of at |east one of
the Ninitial antenna patterns for generating at |east
one addi tional ,antenna fern sq.that at Ieast one
addi ti onal di f#orerd ’E‘?fﬁ%?é& BGHOB PR CC M SHRAT & 9 s WYREELN

i s renailvedbiber ebyeldde doatini€hci 661 ¥dvidkd komYrises a

dlff%&&%&ver; and wherein the fixed communications device
further comprises a fixed transmitter for providing
feedback to each mobile wireless communications device
via the receivers on transmission of the at least one
symbol in the respective character sets at the

different power levels.

26. A method according to Claim 25 wherein
the feedback comprises at least one of adjustment of
the power level, and a sequence of the symbols within
character sets being transmitted at the different power

level.

27. A method according to Claim 19 wherein
the N antenna elements comprise N correlated antenna

elements.

28. A method according to Claim 27 wherein

the N correlated antenna elements comprise N active



sunmmati ons of the M source signals using the Ninitia
antenna patterns, and receiving the at |east one

w@eadwsviaeml different summati on of the M sour CRCHUSIAT/E88134
using the at |east one additional antenna pattern; the
signal separation processor formng the m xing matrix
conprising the N different summati ons of the M source
signals and the at | east one_aggitional different
summati on of the M source signals, for eachWD

2008/0¢ehfd EEIndiOQd Q88L3¢ne SBcendd 4Gyt rbi-hsag!y

i ndependent power |evel tinme periods, the mxing

mat r iPRaB8di A§Tethe rank equal up to at |east L*N plus

t he nunber of additional different summations of the M
source signals tines the L linearly independent power

| evel tine pertdds Adidiatgodhecadaiingrizd GA@tiemad wherein

patt @RSy 34y MBI RGRAT dh BPe i Os %@Fi;s%bp}eggsggt one

t he signal separation processor conprises
si gn&@ctégparatéom @lsgmendor andndp sepdf-dt e sshwedesteruka

Sour%ﬁeﬁ%ﬂ@?'§of£ﬁﬁ9t e gk{gﬂgan?{E%f E5¥%%d&%§fsgndent

| east one of principal conponent anal ysi's (

i ndepemdent toapderentsigmallgsis (I CA) , and single

val ue deconposition (SvVvD) . 35. A nethod system
according to Claim 19 wherein the signal separation
processor sepad@t exx tmethdeseredrdig o Slgrial §9f wharein

L1 B FoL e D3R O AU I RS8S copcptaven
accoragidngatve €l afencty \pharetibathensi fPmlresepaiali 80 least
processor Sﬁgarﬁasﬁg%be desired source signals from
the m*i R§ Mt FF 5n SHEBRb G ot he # gource
knowlsadgalbased signal extraction process and a blind
si gnal separation process.
31. A method according to Claim 19 wherein
the fixed communications device further comprises a
respective in-phase and quadrature module coupled
between each antenna element and the receiver for
separating each one of the N different summations of
the M source signals received thereby into an in-phase
and quadrature component set;
the receiver receiving the at least N in-
phase and quadrature component sets for the at least N
different summations of the M source signals; and
the signal separation processor forming the
mixing matrix comprising at least 2*L*N different
summations of the M source signals, with each in-phase
and quadrature component set providing 2 inputs into
the mixing matrix for each of the L linearly
independent power level time periods, and with the

mixing matrix having a rank equal up to at least 2*L*N.
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32. A method according to Claim 19 wherein
the wireless communications device further comprises a
code despreader coupled between the N antenna elements
and the receiver for decoding the at least N different
summations of the M source signals, each one of the N
different summations including k codes for providing k
different summations of the M source signals with L
linearly independent power level time periods
associated therewith;

the receiver receiving at least k*L*N
different summations of the M source signals; and

the signal separation processor forming the
mixing matrix comprising the at least k*L*N different
summations of the M source signals, the mixing matrix

having a rank equal up to at least k*L*N.

33. A method according to Claim 19 wherein
the antenna array generates N initial antenna patterns,
the antenna array comprising an elevation controller
for selectively changing an elevation of at least one
of the N initial antenna patterns for generating at
least one additional antenna pattern so that at least
one additional different summation of the M source
signals is received thereby;

the receiver receiving the N different
summations of the M source signals using the N initial
antenna patterns, and receiving the at least one
additional different summation of the M source signals
using the at least one additional antenna pattern;

the signal separation processor forming the
mixing matrix comprising the N different summations of
the M source signals and the at least one additional

different summation of the M source signals, for each
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of the L linearly independent power level time periods,
the mixing matrix having the rank equal up to at least
L*N plus the number of additional different summations
of the M source signals times the L linearly
independent power level time periods using the

additional antenna patterns.

34. A method according to Claim 19 wherein
the signal separation processor comprises a blind
signal separation processor, and separates the desired
source signals from the mixing matrix based on at least
one of principal component analysis (PCa), independent
component analysis (ICA), and single value

decomposition (SVD).

35. A method system according to Claim 19
wherein the signal separation processor separates the
desired source signals from the mixing matrix based on

a knowledge based processing signal extraction process.

36. A method according to Claim 19 wherein
the signal separation processor separates the desired
source signals from the mixing matrix based on a
combination of a knowledge based signal extraction

process and a blind signal separation process.



