UNDULATI NG TRANSM T PATTERNS TO SUPPORT Sl GNAL
SEPARATI ON AT A RECEI VER Field of the Invention [0001]
wab@sprmsent invention relates to the field of PET/gRENINT/088119
processing, and nore particularly, to separating
desired source signals froma m xture of source
signal s using signal separation techniques. Background
of the Invention [0002] Source signhal separation
i nvol ves 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 (3SS), for
exanpl e. The separation is "blind" because it is often
performed with limted information about the signals,
the sources of the signals, and the effects that the
propagati on channel 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 conbination of all the voices in the room
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using signal separation techniques.

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
WQRmB/011087 si gnal -t 0- noi se rati os of the sourcePGI/ysADB088119

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 source signal fromthe

m xture of source signals based upon their
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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. Each 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
wa2wB0T709Dr each respective sensor to create tPEr/tst0ar/088119

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 inplenentaion 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.S. 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 single
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
wa@piosm7iopt o nmul ti pl e versions, each taking a dPET/E8n01/088119

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
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not even exist between the signal source and the
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 ccmmunications system comprising at least
one fixed transmitter and a mobile wireless
communications device. The transmitter may transmit a

source signal defined by a character set comprising a



refers to transmt pattern contours wth varying

gains, which may or may not display degrees of
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synbols in the character set being transmtted at a

different power level so that the transmtted source

signal appears with L linearly independent power |evel

time periods. [0014] The nobid e wirel ess

comuni cati ons devi ce nmay separate source signals
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of the MosQurggeséonal s, where N> 1 . Areceiver is
coupled to the antenna array for receiving the at
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anpl ithed® ebueaehssydlnd vitht e L linearly independent
power level time periods. The wireless 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 is 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 has a rank equal up to at
least L*N, and the signal separation processor may
separate desired source signals from the mixing matrix.
[0016] As a result of the transmitter generating L
linearly independent power level time periods from a

single source signal, multiple power level versions of

the signal are created so that a corresponding number



character set may be constant, with at |east two of
the synbols being transmtted at different power
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be part of a base station so that the conmunications
systemis configured as s cellular network. |In another
enbodi nent, the at | east one fixed transmtter may
conprise a plurality of fixed-tgansmtters, and
wherein a coverage area associated with the base
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sets at a different power level.

[0018] 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 one fixed transmitter via the at least cne fixed
receiver on transmission of the at least one symbol in
the character set at the different power level. The
feedback may comprise adjustment of the power level,
and a sequence of the symbols within character sets
being transmitted at the different power level.

[0020] The signal separation processor may comprise
a blind signal separation processor, and separate 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



[0021] The antenna array at the receiver may be
configured with different antenna configurations. The
W@ri08aT9zl ements may conpri se correl ated and/RBCT/US2007/088119
uncorrel ated antenna el ements, wherein each el enent
provides a single input to the m xing matri x.
Alternatively, a portion of the antenna el enents may
have different polarizations fof populating the m xing
matri x. [0022] Enhancenents may be nade to the antenna
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popul at:&Hee 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.
[0023] 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
new summations of the source signals to replace the
summations that are not correlated and/or statistically
independent in a suitable way.
[0024] Signal splitting for further populating the
mixing matrix may be performed. The different
summation signals may be split using spreading codes.
If a summation signal has k spreading codes, then that

particular summation signal may be processed to provide



m xing matrix. The | and Q conponents thus act as a

multiplier of 2 for the mxing matrix. [0025] Another
WwW@2peot709f the present invention is to apply tPE&I/US2007/088119

above-descri bed concept of transmt pattern

undul ations to spread spectrum signals. A spread

spectrum source signal is defined by synbols, and each

synbol conprises a plurality ofg chi ps based upon a

spreadi ng code. A portion of the chips within each
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2 i s E00#Rle deﬁaptéﬁrtﬁQRﬁGQﬁoégﬁaﬁ1Bfe§¢m¢ lnventlon is to
cornutson e eyboa A b e IR e

map o erent app ting
the luntde tiipde peadept e lirmpeCitons cignhbssokwan;ead

sign t tr. orda t he
or oty Aoa R SRY Mool REE by b ate, g Al gpon
t he asn,tnmmrlacampayses)ndlpgluxrailacsf afsmhiphddaimiampon a

ant enna. i nce, W t t resent s

vertsn i BG3EPIRT G et it cBe ERET Sitamn wit i cac

antennmtaﬂrmyycbeftgnmsmhtridaamha$éﬁeaemtnpdwer levels so

accorﬂfqpsh %h t he. re ent inventioy. éo 3% t

is a BIGckDEi 5EPARTHY S The AFCENRAIEP I aPRTMT gl Cu L
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Brief Description of the Drawings

[0026] 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.

[0027] FIG. 2 is a more detailed block diagram of
the communications device shown in FIG. 1.

[0028] 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.

[0029] 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. [0032] FIG 7
is a 3-dinensional plot illustrating the use of

WQ@ 2008/0T109T | zati on i n accordance with the preseP@T/US2007/088119
invention. [0033] FIG 8 is a block diagramof a
conmuni cations device with an antenna array conpri sing
correl ated and uncorrel ated antenna el enents for
providing different summati ons ®f_ signals for blind
signal separation processing in accordance with the

presepgodovent r9a. 50934 Hildax RihgrambPbeckndi Aframaof
a conmmuni cati ons device operating based on array .
def | et%4iah PHELFRESE dRh P RTFF@deRE L3t 2@Frrdfnce with

si gnadre fleskhitNdnstgnddn separation processing in
accordance with the present invention. [0035] FIG 10
i s bl A31di agr BAFof alsvi tklinsk Héaaramt efintheyianteama

el eval i, contighles § o sRlechi-yg! xneaﬁﬂgi@ﬂen@nﬁ i
el evation of an"antenna pattern in accordance Wt tﬁe
pr esedfcqneace; whth|[ Uosa)rede@t Lnvestaenant enna pl ot
illus jing a nt en t (e i mut .
dir ecﬁo?nzl]and ?ﬁgh ?o{%t%? idﬁ‘wtgﬁgg8f'£§a$lf%{gljld]1qru(es§triagﬁng
in regponse pd the-pdbyvatdadn cnonnr ebterdahdeistirtat etiei n
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dlagerB§%G 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.
[0035] 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.
[0036] 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.
[0037] 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.
[0038] 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
wa 2008077090 si gnal separation processing in accRCHHSME7/088119
with the present invention. [0040] 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 ding additional summatiang,of signals for blind
signal separation processing in accordance with the

pres [ Atk 0n. 0 Fl ‘hSed taid ed, ;.
bl ocﬁfgi gg}sggmhggga#?h%ngses ané@ahgﬁr%ﬁé%rﬁg&légﬁ blind
connevigad 1t separapiemmraiessdng a8 showdancd-wWGthlBhe

[004%:]re%|e§‘t %Zvé?tfﬂ%i I lustration of a receiver
recei'ving undulatéd transmt patterns in accordance

wi t h E09893r eseRIGi nVents enblo@B48Llagt&@n dB 4 s an
illus [ recei ver_receiving_ undul at ed .
é&ﬁ%Unqg?giogs %3ace oper%ﬁéagbu?s%otoq() gﬁg&lpﬁ

transmt patterns t aresca
accoraeiese fort providipre sehti tiioneht 5ommaf DEl o fFisGgnids

[ il lystratli f [ I Ving. | ed d
ot atSE SHQOFar S8 AT GRN BFRESSHIRG i SEORdoARs
r ot atwedhuntlel ptesedt ansrarit ipat.t erns in accordance with
th (O tign.. [00 I 20 i

i | Ieug o(raoglt%ﬁonl 2%4? y Icﬁ%rﬁ#ﬂ%iﬂ%ﬁs%?%f?hﬁ?ﬁn%i ch

| i neatdnyhuintidepLone nde ke lope@uelingi BRs @Rrér0dsH-ph@se and
recei V%%Fbg a receiver froma fixed transm ssion ,%oi nt
Pa8 1

at arfy EPUELERR! STTWPONENLECOPEaRERY 1109 @Rditional

pr esestimnamiensi 0. § H0]s oz b21indiSs gl Diseifarat@on
transmt patterp contours shown in FIG 20 bein

A g ..
undulPHOEESEANY 1R A FP AN FEN W LRNEIR RECIHY: rdvanyépn -
[0047ooh® 22716, aadlocls dior@r 88t 8{18d block diagram of

an in-phase and quadrature module connected to an
antenna element as shown in FIG. 15.

[0042] FIG. 17 is an illustration of a receiver
receiving undulated transmit patterns in accordance
with the present invention.

[0043] FIG. 18 is an illustration of a receiver
receiving undulated transmit patterns that are scaled
but not rotated in accordance with the present
invention.

[0044] 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.
[0045] 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
WQ bw8ezie7 access point in accordance with the PCEELSW7/088119

invention. [0048] 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 accordanceiyith the present

i nvention. Detail ed Description of the Preferred

Embodjggahs [ 0948] irfel@fae% Ak LRVeRL z‘{!nlut 2’ Vt‘_’t*é?:

descri bed nore ful herei nafter wt erenc

ac corgsarhpiung elhawlngfs FiGy i hlpgeﬁe@mhﬁt%dmmlan@nmsng

of t ti r i nvention may,
hgeechll%\tl)lggerrgg"olllﬁlego in rrany glvfséfer ent forns and

shoul P045t] be EdAst22erk s Hliowkt ddagoamhef earbodi nent s

set f h

o ovi A e tpEL P L i al ERICRIBARL B fe A corns jare
conplustes] t@ndumpbttfmnhlgagd@n\teynsmetmn@etmnstIthg to
[ nvergl on t those skill.ed in tcgedggée vlv_it_hje tr}.‘urr‘oerr"es
refer hto ke erene it e rfthrough at “2ana prime no PAEPERT

i s usiedrenttiondi cat e simlar elenents in alternative

e S GRIPS Fh i dod M, LAnEpbR HCh o syRBo]

commpirdad aas Uevveeiataihs hare.ar g2 S@lui[ﬁ)ﬂ sirgrlal $he
i nt ended for of her comunj cat i ogahdew ces t| ng
wi t hiBR et 8B PRI band® 88“%‘5%% si gnal
encodRientehst aRiSS imalcaadsacet wiohsphd tpidient
mul ti pl eversi ons, each taking a different path to an
i nt end8@™tde8irver, nultipath occurs. There are al so
sources of noise which produce signals that are not

used for_communj cations, but are received by the
Connunlcggta;;gd Description of the Preferred Embodiments

—aa

[0049] 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.
[0050] 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 . [0051] To facilitate decoding of the
source signals of interest, blind signal separation is
waQgwdorwIsepar ate the signals received by a  PCT/US2007/088119

conmuni 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_tje transformations that
occur due to interactions between the signals and the

conmyai-cathen channgly; i apaggkéf@,kt' S RnLat aﬁgén?ed
any knomAedge that 1s avail I's often exploited. In
t hi s regséver hemgl irdths @sanasi onThers erre @lised sop@ose]of

Three .Gaamnl ¥y, gfgd\}c%c@q qugs that fall o%% bkopd

si gnal separafi Aci pal “conp onent anal
( PCAcommixn epeherent hnnn@gnemecanm¢@3bﬁ (HGDQbmmuamdatlons

S|ng e@gcgglyg Jeconposition (SVD) . As long as the
s are 1 ndependent in sone neasurable

chard@péiﬂstlcToafmtuHiuaheldesoqrm¢ stinthearseulricaeai §yals

i ndepen ch qt.her gpe_or hore o e
inng%sgggé separé??%ﬁlggéﬁn %Ea%%V16§ H§§§ ?8
sepasaparande;m&uhﬂgnams desemeddsmynaxrdmmymabStﬁbﬁﬁwa

m xture.of th i gnal The neg

char§€téF|St|§ %5Ff€% g §E% T AL i r%? ER&eFEr & the

secorfdctt bhatl D frourdealmeaest shofsidrenls @nal de E@ﬁ&B&ted
ens the s es first and sec

| s, )
oo HaEhSlR S0 Bl HRERC LhS AP BRrcp TR LS

pr opeit ikRs. tf&néf@rxﬁitﬁl’dﬂs tRabobS€ur aludd T PfintBeactions
source signals are high, the signal separation process

can SE&pe t?P?Kﬁ%?Qﬁﬁ§4PnPftFﬁeC%W%HEﬂc%?iQﬁoF§énPS%rosIn

of tReaSOUESE ShENBhtAtoh8W ahhekndiAfRP3MatESst he
source signals, based on statistical attributes

|nvoPVPh&aPh% isigffkem@gxploited. 1In thlS case, the signal
separation is semi-blind.

[0052] Three commonly used technigues 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.

[0053] PCA whitens the signals, uses first and
second moments, and rotates the data set based on
correlation properties. If 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

wae@sdependent on the first and second nonent SPCEHHOS20DTHE8119
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_apsalternative to blind
signal separation processing, S|gnal separation
pr oceﬁfdm myI?etgésgggrpﬁ Q:okr?l%\ﬁdsgdggtrggsc’e Vﬁhe source
processing signal extraction process e know edge
basedskdrgdal agepdewt i Breprisdesspseparat 'ek;etmntmsisrigdals
sour I ri e
onst e op SesEREHER LIRS Lo BRISG Fheehizd ana
m ni nfienatbamosgois edf eslte naturge @NNBE}sprdﬁesstjﬁomource
exanp, [QO | ,scenario_i,s str ted in
FI G 51'11 n313 \%EL ﬁaEXQJraEr?a“ S o h%F‘{i}n‘é‘l 2’5“?6‘9“5
tr ansarmet dsa@tsndenm gmatlse 2&rsfhenslosecen<s| rgamlrs:s?,Z ahkde ICA
transn1tted Lbn a_direction based _upon, generat ed
ant enia BESRE €2 2fass RT3 WEh Géﬁgﬁlgrés?)’e%'ﬁ%v@‘s an
si gnadltsowace v20to ThEA pdnd alda,y sUD sepashtsOWaREe20
|nclude a.first sjgnal, source 20(1) throu a
si gnal %}chrﬁﬁ(kﬁg rﬁ’r’kte%esé’fztsf('@z‘i:%sﬁ’e %ga&?pcgpon
si gnallziar eigeheatneed 22(1) -22 (M and the

corres qing nt enna, beans are referenced 24(1) -24

Wt raf

(M. ghE P of Wt da ipiCerBnPat POnS I HHat staparation

util |pzmdsrslﬁ@mmng@a1 | $4isa M3RLEWAr BEok8s § ey frifynRf based
omi -directional antenna patterns or directiona

ant erfita HANCYLRdIe P3| PAPCESEeRAaShPPAY S Fastiche

COMYN eRlsisQNS THE VK £6Ww B J L GRIsaS s@ghh Nesdp é%Hg¥dﬁabkgeess
(m xture) ofthe source signals 22 fron1the Si
sour c¥PETXGLepf thaedepinrd Squgicsl §igpat eakremn eamléﬁﬁa

arr ayna32 iRy bbWed on at least one of a zero forcing (2F)

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

[0055] 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(1) 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.

[0056] 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
wa@lzwBoTy97 i onospheric reflection and refracti oPCT/HS2907/088119

reflection and refraction fromterrestrial objects,

such as nountai ns and buil dings. [0057] The antenna

array 32 conprises a plurality of antenna el enents 34,

with each antenna el enent prov?gling at | east one

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

f i I h { 4
romgae s$hgbal s oMk ££2 20 ol %hgn%%w?zhe;&@ess z%t.hxf

include a first antenna el ement 34 rough an
ant erffi® SloaFeat sdapads JDoBREhThAer eveenveal amyYcd2 by two

si gn 1 ( rg J Nt y r I NEQ s
m xi ﬁdgrsét% %i Eaﬁég' T%ﬂee}gotﬁlr?ﬂln%gtg %n%n}éﬁg‘g\g‘is%se r@ﬁngggh
bl i ncbigingdal Sepaeatédmulddipaithuéscledeled Brodpherdc

" separ.atl mat [ | 0 rating e_spurce signals
o dherC bhdaited f AGIRCHLLA%A rEPH GRS S8Ry
repr esdiieetiiby aed erefecti®n (@09} e fhes wamiumibjaitens
devi ¢ 0 _j.oj nt extrac t.he.m xture of source
Si gnasﬁls(:%r glge%rl\(?lélag%?%? haen&azjtuéﬁﬁéngﬂay 32 by sanpling
an adfosjat e oTheompominae aofratyh82r ecepresesaupdarality of

signal s w thout know gdge .of thejr_characteristics.

The SGtput 2o Y%’ﬁ %tsanignr‘f'&%& Efsht 2371 rf%ueé’}eél& as a
sunmairdosidahgt be Beastceorsd dnakar22ombieit favi (g xhees) of
convalved with the i se response, of the channel,

e ol bR S ATr I (A b, 08n St He bR Sy 29" The
si gnhanteanacelededtsl 3ha mliuget aof i 8ot add i @llerent

34 pl s(&gdd'btive Gaussi.an noi se. I[10060%J The

ti

co FBREUAR\AR Vb aGEnBapst el i ce signal s
provimedshy t hend séeiales@enees 29§ddrs 2p (IN-20i(M) are

now be di scussed in greater detail with reference to
FI G Pitiaglynfemmed &ty asrirheg Bt Nam&nndhe

el emytimtud4cdtiond ddNidOBor aeesVbDIndPs{ghaAl 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.
[0059] 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.
{0060} 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
wW@200807109t |imted to any particul ar confi gur aR¢DHS20071@88119

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 exapgle, as wll be

di scussed in greater below [0061] A transceiver 40 is

Onne&{t%%ngo\é"iéﬁéﬁégn 9 f)h-%4a(%t)e???e?559i’vﬁﬁ?_m | to at

receiving up to the at east rent” su ons of

t he Mesdr é’edsféﬁaﬁgt 2unR tioose 9§ othd 2M | sowtown stigeads,
to the & ¥NSe8i Me he cessor 42 is
illustrated sgpgrg?%a 1 (fer/n egq??{gﬁs%el v@lr;eollad&etrﬂla arrdy
proceddsds may é\ll@@ttﬂb tmoﬂnyd@dr\mcnmrtmﬁgﬂmalomer The

The n .of ource signals 22
receldalv{etf % gﬁw{ ran vlgirdﬁfgga%guélléd“?%e po%lﬁnélfae
t he mb@m@tﬁaﬁm X Blée él'ﬂteenﬁaxieﬁgma'ats i 34 3tay e enfigured

proc y e e hli n nal separatjan
pr ocgiiﬁg’é‘kenﬁﬁg %rg{%ﬁ% fGrraﬁ/d 8 \%IIP?]I Eﬁ?ﬁes §&E&8doPT
42. [DBOGZhedhbebhi mltaumalfo&epaampwn 4 ORIESIS IDeg
nodul es_incl ude_a ﬂ%l e 44, an | CA nodul e 46 and
an S Sr%‘&ﬁleé 28, grﬁ’] R M5d0¥es 44, 46 and 48 may be

conf i poeag as pattamﬁcétdﬁn 40 SkgBahnsePed aldwdiidtream to

rocessor _49. The PCA le 44 o erates based on the
P e A L BRBA S RO ST ERES AT LPer Sn S hhfatoAgaSE N

of t hel ffecenyesusalt SensSidgnahe, MVBSE£86 $ithd1GA2Bndupe
46 operat es baigdlon the third and fourth nonents of

the FARCSSPGRale. 1THCEAS TR0 BBR peFdRTGRLvEiTgAQ: Even

separgiough basegr e ddur QIZQQBV&M§§tQ$téJ‘ese%! frfa%e%rm
summati ons of the received source signals 06

cor r 1Rt iFEANPFBLERS| Yy ithe PaPFgssor maY also be 1“ClUded

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.

[0062] 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 nodul e 44 determnes an initial

separation matrix 38 (1) for the different summati ons
wo@toosherogour ce signals, and the | CA nodul e 46 BCEENS2007/088119

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 alsggdeterm ned for

separating the different summati ons of the received

sour cow3gnal sTha toerdliatiRg BRbELYs S0y {00641 1K om
each regﬁectlve separation matrix 38(1)- 38(3), the

separRftd@TERNEY sthe PG fiosiidft 44 SsteErtencd dndbénl

39. Hwasarabat felt 51:0M8 @)3%okheRe UATLEFOR Y WiMmations of
anal ysis by a signal_ analysis nodule 50 to determ ne

whi cHhs @ﬁ&l’-’§ean9'éﬂl§mtaé}de§ﬂ1€aﬁ§Avm9<élF11%|%ﬁ1él}‘§nar e

I Nt erdefle@h3 nefNa APPSR LR o %93@?8&%&;
modul e 52 processes the signals output romthe Si gnal

anal PSP2rasdnpetBe. ST@G@S]Slvﬁélaeenstm rovkigld olatrix 36.
Si gnalss tﬁ%esg%négg e«%jxees (fé%&a%gﬁ Biy\\eye é\ﬂy oHu1ds, a
o be decoded. e

final signal st ance,
appl isspeireipnymetrix {3 (3)dast ﬁﬂyongetwtrerrfeeﬂr dog and

subt ray e r [ tj.ons of .
Fecei it ba-agihacths AT SUAhEtl ol O Rl S e
Si gnaﬁo‘-ltr@easwavels)rm ddeodexingnméhrsx c3&e, the

sign i nt t.ane the ones that ultimatel _
up be TJEJ ec?£§r§ T%‘dééesijh%tgn?or%%ﬁ%%l?n lf‘hga(l)
PCA r&ﬂd@l)e 4hei separai gl ignanl of ase gnab:seéqnteld blys

assumnmed t hat Nllnear xtures Xi.....xN of M

i ndepen&eﬁpcgoﬁponee%t%gnarg%b?%?%ﬁ?f?)o%“ﬂnallﬁ Gén&PSP,
bot h x.trzkﬂ@m:c;baamghabOEaféJl_\,(suesnibsv aJkim@llt&t&]q;shgi mdkdule 50
signals sk are un no(g/l,g t.o the transcejver 40

Tt (56 (Bt RETORS (HE-AbVERede gFe of interest and which

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

[0065] 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.

[0066] The information fed to the PCA module 44 is a
unique sum of signals xj. It is assumed that N linear
mixtures x;,...,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
W@b®s/0kiewn as the | CA nodel. Traditional techPCTUE2907/088119

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

[0068] 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_wi4h scaling changes. I|f

all the signals are not separable, the nore general

formwould be y = As) H V.= e the
addi tional n ter mxi\«ff%{g‘@gi (ftf\é\’fk(l)r:‘*oiv\g’é’s\é\’g@rt o the
uni dentifiable sources. [0069] The I CA nodel is a

generative nodel, xy(ﬂ)=ebﬂﬂ(1)ns.dj (;)-i-t..@}lsg&(;) bes how
t he observed data_1s generated by a process of m xing
t he conponents sk*. The independent conponents are

| at ent vari abl es, xxr(i)miang.(t t-athse(()-b-ampkM(n)s 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 . [0070]
The di08671ng pbt AeRFraleAbsht hiae agkamr] sieefacients ay,
conmponents sk are statistically independent. Moreover,

it | @rdsEhRedTiRE2Y FE INRdSpendRtR WHiYRe fOs §he at

nost ' a [ ' i hut.j.on. n

O ona A cRLge il 6 2 LPURRLED, HoPRLI O el anbIE, BOE of
to tlkguRadcbnshmay the ddrpadtigmenitoén eaGaussiran shgnal a

oo S RIS g LTS € e s
unknearsorkrbwg amtthex I&A moded UNeTridi hiorsquakehnTiuss
t he r{un‘o L gf indrgé)e.nq;eent cgngg&gnt sarils _e:q%al= éol t._he
numb & Yof CobER? vV MR HEs VeI s SaSsfmgti on
can H®o06el axedrid 1dAaremdule KengedsrmiressigRRiparatiane
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.
[0069] 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.
[0070] 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
walzaogpomiopred. [ 0072] The rank of the m xi ng natPCRUS007/088119

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 mixing matrix A shegld at |east be equa

to the nunber of signal sources M. The larger the

rank, t%? lqggg I?A\ge?ﬂ%ne Ul% gaE?lgsesf’aerp%{ astt?:q.PHtlort'l eThe

rrber‘ sour ces I NCr eases oes

r eqwdn%d sRYAber wofh ant@AN i8he ABBE it i 18 imk FQt2BH is
' 362 E tents_ di scussed in the background section both

di scl tehshet hachumidr e &RteAnBomeinaft ¢ Gagseian

equa%ﬂg%aqr19r@at§ﬁdt{KHWﬂd?%hanmgﬁtois3u9ﬁ@t1%%ﬂﬁ§ﬁ§ble
M, i. N > M, otherwi se a technique other than

bI|n@m9n§ﬁ§IGééﬁ%ﬁ%@l%ﬂﬁﬂ@ésto be used to separate the
Si gn3ﬂ®71[]00731“o€‘n$irﬁ}5jltﬁ%1rt)g SEﬁ@dé‘ﬁﬁn&‘&{ a3 g RAcEhg A

l'inearly independent ‘suns ghals I1s to us
uncoriselagsunedeha dre, squage, . tﬁ'é\JSen'Sl@ﬁ sumerspdced at

| east; Qe pﬁﬁgéﬁggé dtd 1QM0081 2POLHEL - HBR r of

wavel eng ased upon % he o erating frequency of
thec@#ﬁ@mwedtm@nsud%W4céka@vefhethﬁsems&umptmoa can be
uncorr Iatﬁd ace, but. correl ol ari zati on

Ot a At I OREE ™ A Rt B Bt E PR
suns Qfath b@@@EiYy IK&%&HH&@N{ §h999$§’mégﬁﬁféﬁi%9h

sensor provides a single entry into the mxing matrix
A . [VGFAFtArishiFatty sRErREéCDf M kel W faane e

apprqégggﬁlgga creating the |inear independent
sunmmati ons of the source signals for the nixing matrix

A wi 100072ilt i al Tle beank stfuddedmiking red oriehde degeEmGnes
ﬁdtﬁgﬁ %a%&i§£g£§i£CEQH“J&%%al?QCQea§5§é¥§¥bdM"Fo?e

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.
[0073] 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 wavelength apart from one another. The

wavelength is based upon the operating frequency of the



di scussed in greater detail below [0075] The first
section of the roadmap addresses enhancenents that can
Wh200sat®9Dn the transmtter side of the comunPCEUSINT088119

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
processi ng. Bl ock 90 represent $gnmobil e comuni cati ons
devi ces, and Block 92 represents transmtters at an

| nf r asdniniciti ¢ @i 6h ede BRI U, t hasenbLogks d agd into
the RF channels (Block 94) , which in turn provide the
RF siyifaretgtefel ne®e Soctiuén correhat edatmeiplarigation
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uncori®tsardd liepabt ¥, 1ngrirasidenéachasehsorwhn sy iegel sgensor
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ar r aylQ%@Ji des®AnuPedmire dmhputd ine pptihatdl fieremtxi ng
mat ri . c 04 : r.e S array,
wher e%brg%gaggl?tgi gﬁllo rt %%%t%gﬁnggg%éﬁeaﬁﬁég S e

corr lummadt ignd chetketsvurceelségenls hawethld frfieriogt matrix

pol arj zati,ons . i I Xl N rix A
Bt CARIOSRA R PO Miishgg ILEA " ARASS 2o o 3.
ar r ayftagddeebsidf bintBtablct 1000, €408 appirdOzh eyl lbee

conbi [ l ock 106 to rt.he opul ate the m xi ng
rratrid}es%ﬁm%fegc Slaﬁéoaieoroflﬁ%a%ﬁeg?ﬁ?“?d section of the
r oadni®78ddr esThe £itwincantnibs b6 the avHdnEIa adecesges

confi rations, provided in the ,second section., The .
enhaneg)er?élﬁtegegf’g ﬁ%ad% <P B5al288aPE %ﬁ%\ltroarnsmlt-ger side
r epl acfensdet comnmnt catisoref il Sour gensiPnialp ldmearly

col | ect edet ef rther_ po l{rlsat% Engtrr;%(iﬂgtna rix A .

B ock 5B ePAFEF vabHa T ams s ended Teceiver
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.

[0076] 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 also represents an
antenna array, wherein a portion of 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
W@ uvearioohs of the source signals. Anyone of tPE&I/US2007/088119
conbi nations in Block 106 may be used in the array
defl ection Bl ock 108. [0078] In Block 110, path
selection is performed so that all of the sunmations
of the source signals used to pgpul ate the m xing
matrix A are correlated (1 st and 2nd nonents) and/or

st at iSfre@dhl ¥rfdys dadib Aldy BOMBALELs | flgpan@enny h84 may

ot her words, the incident signals are selectivel o
chos&® CoPPLRed| ¥ N3t erdiv t EBAEhOF RO 1dier ¢he mixing

si gnalas A4 ERPRASEK tigg summat i ons that are not
correlated and/or statistically independent. Block 110

may b007dd by Bhgokrixd seediconbintihe orsadnarBlagicikes66s

i 10 P TEET ook T16. 71008 Heel e e ohe
t he roedridpdaddr eseseaingnalecspbit t | Hlge feothangemeats are

popul atj.ng t 1 X AL X i 6. For ..
e Bpo e TS T b BeBrolSnd s sulileesqns of
si gndlhe gssungespigmalin@modedletbfed sunfmtther pogndhte

has pr 1.0 es,, then that . particul ar sunmation

Si gnah%rrﬁngg gggrp%tgrg%éeAd t(;%rlﬁrcg{v?gg K SUmnat 1967 2] ghal s
associeftled ttibhar &mi wini chluhes pleadt ign coflashdray tl@na
applied.in combination with the, outputs, of.Bl ocks 106, .
105 wadcrie LR Rindp 5 retEig i 19 S rinautiighions
si gnalfs thet eciacphaisgnyls). andygHadsatthe dd@oinations in
conmpqnent s further populate the mxing matrix, The

| an IR AR8 BAY B HIE R 4B°atRERY | ke e BRGFY
the mosi.ng matri x, and may be applied in conbination

with t utputs o | ocks 106, 108, 110 and 112.
[oosd]"%?’ﬁg fi ngP %@%ﬁ% &ﬁk%f PERB PBLCREPD % Reriormed 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. 1In 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.

[0079] 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 outputs of



m xing matrix A formed in Block 116. As illustrated in
the roadmap, the mxing matrix A may be populated with
waQ bws@difodper ent sumrati ons of the source si gnal BCHHS®A7/088119
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 matrbx A . An advantage of
the antenna array configurations in the third and

four téy RGG hBRS 1sthal NAN @1BRkCLEFCOL: e MGl N i s

| ess than the nunmber M of source signals, can be used
t o popidferentheumngthen nuitgriad swiinhoMiorpimage (I) and
su ' t S .gnal s ] Vj.ew. of
the a L%ag%%écgggn? %u?ﬁé:%ne?t%i ggugg%gf??% ?#&Jlra{otg%r?gls,
an amisnmg aetayxconPre si rpdNQcopmpbaerds artienreat as a

el e fqr. _receiyi t. least. N different summtions
o 1 HayiedieteSE] nhfe Vg FARrBalle ki £k rip S BT, b

t han dppliwd Lnbeodb scaissad.wilth dhe eubpudlt srenf Blidedks 106,
ante anL. %yaina glévvi tched beam antenna 140 as

i 11 ust e éd% AR 4 . [0082] The sw tched beam

ant enfe0gdr ay THO gemel aders idnpbtir ahét yoadmatiannhe
patterns, includin I recti,onal. ant a patterns and .
P i Betranal atsthaaneEhn T8 P s ke, in
ant et 4Qdinapl udes mikiacs imse raft BNAay ebemspulk42dantdth
a pai rhegffjiggssi ve antenna el enents 144. The, act.ual

number PEGRLaNUPARSINE &t ERRaSBYERRMWONYS bpggd on

vari esnydsRedd BPeObéhe ddianded BPPLkSAt imN.advantage of
Reference is directed to U S. Patent Apgl!hel cation No.
11/ 0617 BRLEBPAARER Y CRAHAUER EAPRE USRI otfdand section

SW t ciednRRaRLAPLEANZn B HRY -arFAS RAYEBE FPRldL dloiron
I's assigned to the current assignee of the present
i nverRIRBHAtiRE EBRAt BRI N DMAMTiEhAar eAR nedY PHragtee @t the

her ei dhdhnaeher8pclohfiddrhtions 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.
[0081] 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.
[0082] 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. [0083] Each passive antenna el enent 144
i ncl udes an upper half 144a and a | ower half 144b. The
waeppen7ial ves 144a of the passive antenna el enRCE/ES247088119

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 nduct ance by using varactors, obransm ssion |ines or
switching. By varying the reactive | oads 148, the

radi g34s vRakheERSa Calerhen tE1an2ed1 49 PEL: d NI AR ny™Bn
passi ve antenna el enents 144, four different antenna

pat t érfifs i@&snBEdf 8PPREcai00B4] Refipcenet ihelinmmcsedato
pattef s ¢aRehe Mﬁﬁﬁié&f&f?%ﬂo\{el@/%f,%@ SHE A more.
signals X . The fourth pattern is a linear conbination

of tIfetatided dhpeesston qn jthenswibshed ebeam antemnay appay.
t he mpxi [ : nseque pth three antenna

el erms Beraat uiPPT LAY utd i anlh b AR

x-, drssiigmeat of othéreprdsanty imyentxon, . thm euhtEmtage fof

t he .t eh b i hat . by inhg 3 elenents
142 Iniag e  ALAROEIE el - Py, TR
supp@ntdadety0085] I n anot her enbodi nent, the antenna

array, rise C el at active,anten l.enment,s
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i |l usippetretialfi F44a #nd dlheweltabellf at44ly. 160> coppii Re@Sves
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connected to the wei ght control conponents 164. i
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the reactive loads 148, the radiation patterns can be
changed. Since there are two passive antenna elements
144, four different antenna patterns can be formed.
[0084] Three of the antenna patterns can be used to
receive a unique sum of signals xj. 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.

[0085] 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@seTn9T nventi on, the contents of which are PCT/US2007/088119

i ncorporated herein by reference in its entirety.

[0087] 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_t93tbe nunber of active

elenents N, i.e., M= N, the active array 100 is
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in space and polarization, as conpared he

t r adiqdmpoakensppl 6bcadd bfstudineg appé vt v aandy antpdiase of the

el ement s . t e r han a.wavel ength apart.
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sign S ' 0GEeSSOr. rafes K of the
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162 is set to allp vor abl e back_to front ratio.
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appro i.ng) and intensi wanted sjgnals (i.e., front
D ) ot foP et Er £ henah s A4 shpposts a
bui | diikg ngi whBGiRBA MLESHg the gaab ksnkl eatwrdithbaginthe

sums of signals. The signals of interest can actually
al way¥mRE I| 8he? PREFES HE isheanpdr BPsthe RHpRer of active

appl icaimeansangd stél) e sgpanat gdtiBecatss, afoot Riss
significant difference in purpose, the distances )
bet WeSITPARteARACR| M RT 18 LRBEN DR b§2 Axp&dirredated in

separsyfad@nank0P91d r ik ;M R BhEAEOE St S A A th&@ditional

furtlggg;ggch of using uncorrelated antenna elements that
are spaced more than a wavelength apart.
[0088] 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 greater than M,
[0089] 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).
[0090] However, for the purpose of building mixing
matrices, the goal is create different sums of signals.

The signals of interest can actually always be lower



cl oser together, generate patterns with classically

bad' front to back ratios, and still be quite suitable
W0 008/79Phg matri x usage. |f fact, such patterPGI/ub10p7/088119

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 order ta kgep the front pointed

at the desired signal and/or the back at interferers.
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directions, but still significant galns, no

t r ack§ ¥R 1At eche BsFgnag sof sthvieqsilged £1£009 231 Afe ramtcenria
beam SEpdae ehtnds Aondy Wl yd oAb aROLALS SPUMLIONq
maxi mum-gal n poi nt thereotf providing for S|gn§

rej ectdtorbe efae bpasifbnesatamwdtioon of signal

approm Sim I t.e atte may,. be .defi ned
as havi ngllsubstrg%t |¥%F€x§/haﬁ%]fq%%t%ofzﬁ?5§gd%%ﬁfr& Ta®t
maxi nedmsgai rrogeicher| hgemofat@ngaltaerng witisi glwdsically
rejection i y.direction .of signal approach.. [0093
I'n rran%/ad;ppﬁ}f%gt F%néa?lﬁi%a dlébvsl'afaggnsﬁ’g% %?)e%‘flfﬁl'ec Suitable
di st afroesnilxéhwematei enesdge cat gaeal | yucke e dhe siide

f th Il antenna, ..l oth lications it,
i ghtO STLET 5B HRE AT 3 iPcpagiel  TRPTHS sRegation

bet wespp lglcanephs The atéfsdmibeinhhethaaCkh@ 09 U §dod
but gfni n sone deFree of additional signal
r

Si
decorr®&™Ht i6nP2CF 0B/UICF F &GRS téﬁﬁ%ﬁ?%&?ﬁ,tﬁ%éignal
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[0092] 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
rejectiocn in any direction of signal approach.

[0093] 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.

[0084] 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 . [0095] The other antenna

el ements 184a, 184b in the array 180 nay be correl ated
w®e008MT09T el ated with respect to antenna el eneP@BUIBRH(88119

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 may al so be uncggrel ated with one

anot her. [0096] The different polarizations for

ant enjna £lrexRBLS  48RRs . 1820 A':Eaﬂ.eggtof:&lgocgfmﬂe P A2€nna

another. In another configuration, the antenna
el eneheerdsa 1828ph182R |akfe GorERLAged] engravezd fferent
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di fferent summati ons of e M source signals
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I t the mxing matrix A . The
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three antenna el enments 182a,
182b, [0092d r ec8h@eotiereartiomaar eéﬁmenhde-b%ml.eritub in the
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the tdire@@nlisn@82aani®2Wanay be orthogonal to one another.
In another configuration, the antenna elements 182a,
182b include a third element 182c¢ so that tri-
polarization is supported for receiving 3 different
summations of the M source signals.
[0097] 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(6)sin(¢)
= Ssin(8)sin(¢)
z = Scos(¢)

[0098] 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 actual
waelzpBoyient, the antenna el ements 182a, 182b, RGRUS206E€B8119
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.
[00100] The follow ng definitions are applied, wherein
nurrerel'ém%ubgceaaa Soff &frLlorkPoBSRAE! &k HNSFIY ten:aﬁllpg@al S
© Signals incident to the antenna el efents;

The ﬁntevnm ahenent 1823 dfgre ShetheaXignantenne element
s E higebdigngheciod ¢ hecisi,onak; aﬁ@gnﬁgneﬂEH@%RCHBQE §8eon
sum of signals incident to an antenna el enent .
[ 00161 Fhekéfore, the vector components are: [00102]
Takl dotp pr f. ea

000k U 2R R g s O ERGA el B
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of Ut BV ETRARFY e i tranaP P e i e PR aheese
Thesehar eases under which rank deficiency occurs.
[00100] The following definitions are applied,
wherein numeric subscripts refer to associations with

signals 1, 2, 3:

$1,8,,8;: Signals incident to the antenna elements;
6,.0,.0,: The X, Y plane E field angle of the signal;
$,.9,,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.

[00101] Therefore, the vector components are:

X y z
Element ‘x‘: 1 0 0
Element ‘y’: 0 1 0
Element ‘z’: 0 0 1
S, Coefficient: cos(f,)sin(¢,) sin(8, ) sin(¢, ) cos(4,)
S, Coefficient: cos(f,)sin(¢,) sin(8,)sin(¢,) cos(¢,)
S, Coefficient: cos(8,)sin(¢,) sin(8, ) sin(¢, ) cos(¢,)

[00102] Taking the dot product of each antenna
element and signal, (X-Y=xx,+yy,+2zz,) determines the

relative E field component summed in the element. These

values are used to create the mixing matrix:



occurrences when the signals are not being

i ndependently sunmed by a sufficient conbination of
waiosarael enents. 3 ) Al the individual sunmsPCDUSID7/088119

equal O per 1 or 2, but: [00106] This inplies a small

solid angle of separation between the signals, near

equal polarization of the signals, signals aligned but

com ng from opposite sides of phe-array, or sone other

very unlikely happenstance of signal incidence

resulting in the sanme energy |level to both el enents.

[ 00107] _As di scussed above, the section of the roadmap
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M source signals to the m xing matri x. [00108]

Referring nowto FIG 8 , a comuni cations device 200

for sepaeati ng source signals provided by M signal

sources Wi ll be discussed. The antenna array 202

conprfiysgs N antenna el enents for receiving at |east N

di f fygfrefd summations of the M source signals, with N

and M peing greater than 1 . [00109] The N antenna

ele rises at |east one antenna el enent 204
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Si gRaih@ ) coskk)eosth gD g, Bloalog ShERhE RO, ) & BIG FoostHBin@ B4, ) cosig,)

uncorrelated with the antenna el ement 204. The antenna

ar I o, D HAG) AAR OB, BRE RRYIecGe pITENT S TN

var I+Q<H@ )s‘lﬂ’nms&%&l@sg%@i—sm z co.& )cos ?sm% )sin( ?t S are

+sin@, ) cos(; )sin(@, ) cos@, )sin@; ) —cos(@, )sin(@, )sin(@, ) cos@, )sin, )

=sin(@ )sin@, ) cos@, }[cos@, )sin@, ) —sin@, }cos@,))
+cos(@, )sin(@, )sin@, )[cos@, )sin@, ) —sin(@, )cos(@;))
+sin@, ) cos@, )sin@, )[sin@, ycos@, ) —cos(d, )sin@, )]

= sin(g, ) sin(¢, ) cos{¢, )sin(8, - 6,)
+cos(¢, ) sin(¢, ) sin(¢, ) sin(6, - 6,)
+ sin(¢, ) cos(¢, ) sin(¢; ) sin(6, - 6,)

[00103] 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,=0,=0,

[00104] The ‘x’ and ‘y’ elements are receiving the

same contribution from all three signals.



correl ated, uncorrelated and pol arized. [00110] A

receiver 210 is connected to the antenna array 202 for
WO 28 viopy the at | east N different sunmmati onsP@F/US1067/048119

source signals. A blind signal separation processor

212 is connected to the receiver for formng a m xing

matrix 214 conprising the at |least N different

summat i ons of the M source si_gggtl_s. The m xing matrix

has a rank equal up to at least N, and the blind

si gnal separat'bgn p‘?oces or 212 separates desired

source signal s"216 T'rom™he xing matrix A . [00111]

The third section of the roadmap addresses

enhancenments to the antenna configurations provided in

the second section.? The %enhaf@énents are made so that

addi tional or repl ggemenfpe sgmmati ons of the source

signals are collected to further populate the m xing

matrix A . [00112] Te éhhanfenent invol ves array

defl ection for recejgd nggaddighonal sunms of signals

for use by them xing matrix vaithout having to add

addi ti onal antenna el enents. Array deflection involves

cont r@lghi an f [ %ilfﬁ}' i1 sand/er

el eva[?!ogﬁggi re%?@gﬁ?d)?}oe@?f%% kgc%ﬁg‘um ca |%nl§%d8\?i Eaeble

240 fegrtrdepafatiampmn cangki grilsi@novirddhnoe .MTbegaaare

sour ' rr fl ' ' ow.be di scussed

o P T eRted pio Y S bk PO,

conprirsiepeNdant ey raunglesiniyt @ 244ffoieme memdtinagibn of

initigl e terns for receiving N different

summqﬁtgﬁggogi]%ﬂg%'sour ce signals. The antenna array

242 al so conprises an elevation controller 246 for

sel ectively ch ' n el evati.on. of at | east one of

the Ninitial gﬂ?‘%ﬁzﬁﬁa §r‘ﬁéd'r‘83r ﬁlgﬁser‘%l R §9uﬁgagtper

one addirt 2pnaht ant enna

sin(¢, }sin(¢, ) cos(¢, ) sin(8, —86,)
+ cos(¢, ) sin(4, ) sin(¢, ) sin(8, —0,)
+ sin(g, ) cos(¢, ) sin(¢, ) sin(6, —8,) =0

[00106] 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.

[00107] 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.



pattern so that at |east one additional different
summati on of the M source sighals is received thereby.

WO 030 709A recei ver 248 is connected to the ank@mnns2007/088119
array 242 and receives the N different summations of
the M source signals using the Ninitial antenna
patterns, and al so receives the at |east one
addi tional different sunmation,gf_the M source signals
using the at | east one additional antenna pattern.

[ 0011[@01’68?”0i tn e§é19%g %%W"Egt ?9@. pépcfscc‘&r[rmgégait§ons

connect ed e receiver 248 for formng a mXxing

mat r i9ev2se @BRpEPs| sRPansEiNadsPhErentignAdminrovided by M
the Misunceogigoal s andd ke sahsLeastrone AL
differl?r%t su‘r’rrrat?on 0 tl$e Mssoﬁrce s?gn%s.q"fltﬁeggggy 202
mi xi pmpatisex Kagntennle leqeakst GoN pramsiting munbeasdfN
a.ddl t i%%lregkfg‘g&uﬁﬂio%m Itgn.sy.ogoﬁ hcee Mis%%ﬁ%? with N
signal’'s recerved usihg the additional an na

patt emas M Fhéngrocsstsor t26G deparates desired signals

254 f e nm.Xxi trix.[00116] I n general, ,a
ant en@?mg‘??ay%n%%% Whi % naprLganﬁrééss T aﬁlsselfm?t %aSt one
sui t &ritenher el ememasa0yy fidre reankvifg tde IMastngneabEi khe N

can bg uytilized with a deflectign nechanism .The

dof | SRrigHe | PP A i i@t?ﬂ‘&’fc%rfdl%as%isnga“d at
mat r ibeassable sognalatsidranitehneacheént heoMifein@eceiving
array There_ig therefaore a 2 tinmes nultiplier

ans.,
of f o BSaE FIOat Ghof CHIESCFBRR T YUt CYUEL PF) the M
the aouayedeiyesls on Tie s0@MEBredlatdd dntdinslal BCkments

areas, agssociated with an antenpa, each of the K areas
Can PIBVRGE FBFOSTT IRRARAGER: CHEt FELTIYn ShegRStagAd.  The
ent r i@%ehAkOat gy Mhay NhdIRidel ¥ddFOfohdBtaEHnal b1bRents
antenna array can provide N sunmations by itself and

t her e‘nal”érlj@ﬂ? s??'?'}b"t‘?ﬁéﬂnéctlf"oﬁhé?%a%*}e MRS e R LB
Si gNalorgWNBcbd, t e i 2d NG B LR XpSBYr P2 KN

[00110] 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.
[00111) 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.

[00112) One enhancement involves array deflection for

receiving additional sums of signals for use by the



[00118] For illustration purposes, reference is

directed to FIG 10 in which the swi tched beam ant enna
wagos/osiewn in FIG 4 has been nodi fied so thaRCT/hg2007/088119

antenna patterns may be tilted up or down in

el evation. In particular, each upper half 104a' of the

passi ve antenna el enents 104' is connected to the

ground plane 106" through a reggtive load 108" . Each

| oner half 104b" of the passive antenna el enments 104’

is alg9:6 nmsaﬁd A QiR ulr RYPEnp! anes dPB g gHIR a

reactive load . A reactance on the passive
ante@WéeéPénéhQ@quﬁ$ Ragayhdeél eetionfinvedgeleni ng or

Sho”c%%?Sl%bﬁg PASSd R %%E%Q?ﬁ eiﬁs'@ﬂ% aél%%t }{8/or

| oads I engthen”and capacCitive oad orten
el ectedieyakipendi reasfiarhe paSS|ve antenna elenents 104

. [0 ant d . )
elevgﬁﬁgﬁ fﬂ agégﬂgﬂuggg&;P a P%gﬁo Iiﬁggakgtlng
r eactsioneckoatgnd 8 pusfvided b&pﬂrsh@naﬂegolﬁzuas andnyherray

react e\fﬁec?‘ﬁgg v;'l]?l notv\he%edl gg@sse lvnesre]foeé}:%nce @ FIG

adj usting era enna tern &an poi
97 o@ domheganasnndlanﬂawaﬂeﬁ cnmﬁ&ikestn aNteheasblements

LT T § T R ER T Y T

an eleva |on an ant enna

to reeeleleing i xeik £ gmal suhﬁaﬁgoﬁheoﬁru’r&y Mllefoheetai on,
nore Si n be received fo he n1X|n rix A

| s
ni t hGAETALTT noTEe ATHEGRs 8 LFRE RIS b C AMEORR] an

el enenesablion [ OO 1 THY 24pBafbi csié Bect i Ignenbaging an
has 2 distinct deflection areas |nd|V|duaI

cont FFVEELBY Thedt d&%nf8s 2igthe N efftenna

gene@%&&@@ngaﬂablééﬂé&dﬂin@h@talééytléhé3ddBQQE%BQQHSntenna
patterns, therefore the nunber of sjgnal suns that can

be u§@&t€6nc?%aEQ?§iﬁ¥|%§@Fﬁg°ﬁﬁt?¢49?%PQEﬂ @iLfzegpnt
[ 0012LkRef 8h efE LS MisRetedsigni e AR i9k8I BAEBeby .

[00114] 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.

[00115] 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 socurce 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.



U. S. Patent Application No. 11/065, 752, which

di scl oses how to adjust antenna beans in elevation in
wWQ@e@anEi9det ai | . The array defl ection techni qUBCTIES200E088119

applied to any of the above di scussed antenna array

enbodi nents, or any other antenna array which is

sensitive to ground plane interactions. [00122]

Anot her enbodi ment of the elevgiion controller is

based upon a controllable RF choke 270 coupled to the

groungoRhane 278 @inéhidNteRNaneLfAEN r 2\ medhs which
illustrated in FI 12. The antenna pattern associ ated

wi t h REeYigdasenhanel et Si4apdenbQBdlPIr QAN B BnK
cont rl lehR0pk REn S SNO0KE 2f0peddc] 8pLhd W ARPL 218t 10n
by those skilled in the art. [00123] A conmunications
devi ceecde0irmr sEpardefilfrtdonr velsi gareraty drcdedshbynat
sign : h t] '

i SoaneeitER FEPER: IR 618 Ll Mer i of cne
enharrcgeane soreheneanenfhesenfisgtihar¢ fowe @ dvitdedsi n

t he t] r. a .
ennanoran 165 FRESr Ay SraRrearan ar i 3 DRsgee
The cl®®iidilcat I énshelear 30 fdenpipuess asegmendiedainto K

array,. LSLN I n 04 _f ' t
oL 2l TR S MR O B LA AR o
di f f &¢ enteasumamt poosidd fidre 2Misdaperdangnidd Sleowiibh Alreas

and M bei n reater than 2 .. [ 001241 A controller 306
AP EateE e R rhxine Bt by PR ey 2
formug theeahal easdy Nantpaorddbelnsumdat soed bt itself
assenbl 08 is_copnected to t aptenna_array ,302 for
Ol LA PR SR R Y A A L ER I R
sour cff siignallssus binm Nthesingdngsapar ok i ey e QeKIAr

310 i s clglg:]dect ed to. fhe recei ver assenbl e{aOS for .

f or mi 1% xi AT mht +1SEBEE 0o RBFPEF Ry FEKE &
| eastqiMeditkheesntrigunmtiOnsieh 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’ cf the passive antenna elements 104’ is also
connected to the ground plane 106’ through a reactive
lcad 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’.

[00119] An antenna beam is tilted up and down in
elevation in accordance with the ratios of the reactive
loads 108’ 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,



the M source signals. [00125] The blind signal

separation processor 310 also determnes if the
waledoser®et sunmati ons of the M source signal s BEBEUS2007/088119

correlated or statistically independent, and if not,

then cooperating with the controller 306 for form ng

different beans for receiving new di fferent sunmations

of the M source signals to rephkace the different

summat i ons of the M source signals that are not

correjatiad yakratabi shi £A4] Y1 .ndapendsnt bile LA iH29nag
matri x 312. The desired source signals 314 are then
separiTed ifr ARt A Krhgiiteing Ra8xax pognes]am elgvation

recei ¥g8f1d 2 ahadhPehfs é%%éﬂ%eghgQ@9u§9e§oﬁg“f¥belQ% a
effects of rrultlpathfalng It does this by using

severf&lXGi%@éﬁéﬁélentU$@&%|W§réadhdééla‘]’éuors:l ingne pigpals
ordercéﬁ)ﬂéJQ%chvEQ f@? ﬂi?jﬂﬂfq%glmgykikpﬁl£ﬁtqfut having

conponents. It can be use types of
accesto rigtomseigs. the wasbebree:f mmﬁdnaoebemestpﬁad\l ally

benef{662¥0]forTﬁEEe€ 19283 ﬁegéa ﬁﬁ# %nd%sk§nct

ability to’'select s I C |nc si gna
it suefdfckigs arﬁeansndmmﬂ,ge thetpalhsdftad tthe t he

01§ nd S anal.8epas Rl o0, AASRSH MdnL00IRTlcapaniticy of

Sel ective ormn antenn 8ans  as dIECUsS
abovetrrﬁawrmayap':pl Bedndepaidentaqblamtacnesstmmﬂe thas

readi | understood y tho k| l.led in the art
Conm e R e Bl 5o 308 Eoripr et o he
rake rmeoeigvmasr&'s&&s E]azh(zr*@l(*es)r ecei ver 316 conprises k

finge § se ecting k different conponent s
for oA S CREFRERES 1§ GHRE Yetnha: FBRHhive HE tpence
sour de. si g=raale&tr Bppl Vedk inh e negpes) 1ye, afHieiM@discloses
el enment connected thereto. In this configuration, the

bl i nd*¥ dirar §865r%\??%‘ﬁ‘aprli‘?@é‘§sdln elevation in greater

detail. The array deflection 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.

[00122] 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.

[00123] 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



310 is connected to the N rake receivers 316 for

formng the mxing matrix 312. The m xing matri x 312
w@wpni®es up to at | east kN different nulti paR¢T/Uus2007/088119

conmponents of the at |east N different summati ons of

the M source signals, and the mxing matri x has a rank

equal up to kN. [00128] In particular, when CDVA

wavef or ms propagate they oftensgncounter nultiple

paths fromthe source to the destination. A rake

recei3om cdipriisespesi dhtallay sdesyoned EomSARIIHE N
nurrber of thegggl ndi vi dual i nstances and conbi ne them

for a&TeRtSoRl4t IoF ghadmidst &di Ag2astnl| anternahegmsaltor

Si gnatedieNAgateS18hONN QHGERINR shﬁﬁa@f&?@réf %eahe
nodi fied by the unique characteristics of the path. In

some %qwr&ﬁrrétlgﬁeé@ WHeh thdink Mabpdngt @reater than 2.

corr ejotini2an ang/ epnetsiist i3d iRl eBRRLEESS Ao té?]% antenna
received signal will be | arge enough so that they can

be tridayd £8% sepashbrelsifpraingt tbanst YeamsdilN ieodenna
rake JRGRI Vep §é§e§§%4‘%§§%d$§§d35§ X LAGle 8AYY 1o tpﬁe

nodi fied streamand feed It a5 a unique entry into
mi xi AP UPANAI RT339P. 3%|f@‘ tieiceimdngstioé &tndrw Mg the

ran_k ﬁéer@m: 9{1 Té)r?s aov Itlh%bl\'leSOUE‘gm arld t% gﬁlnd

avai l abl'e in hi g tipath environnen s°
nmost diidoally sapadatiiof QDkRSss\hi BéOais ack@rr&mmd/&b 3k6

can t r t t he nore gener
appr oac qé\%ﬁl Qgs%}’g{foﬂagrlyf%%og%hfm%?%n {REHHIG 08 %réx 312
beamdamprisgngasp discissedt ileasef Brenteetent-lsdmmb8ions of
Thi s K [ f&ers fromthe rake receiver 316 since beam
formMg MsS8EESrot9ME i red signal enhancenent as wel |

as de[ioled]si gmaé hsle;mttswmalTbepdréfﬁds:erlﬁe:d&\&a\teBlos
at t.he ct ual I% be anot her

th reje sig
ver S|ac}1'?°ofje%ﬁ§m§?‘§?1a’rp eg%é SFBRtt Fhnperf the M
Howewsturcehei§RELS V&fe correlated 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.

[00126] 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 order 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



assenbly 308 needs to detect a nunmber of these uni que
propagati on path versions of the sanme signal in order
W@ 2008071087 t he mi xing matrix 312 to a suffici eneCTHS3007/088119
[00130] The fourth section of the roadmap addresses
signal splitting for further populating the m xing
matrix A . |In one approach, the summtion signals are
split using spreading codes. _l aganot her approach, the
sunmmation signals are split using in-phase (1) and

quadraidia ERkhaPREKES: t [A0k3H1 eShgnal meRhs t1d NGhdtjeNIhe
spreadi ng codes wi Il now be discussed in reference to
FI G RathsTHed tpushe abbind ciiandilc sEPORAT Hewi RECHEB ing .

conpr i g3 /N a@E@QQ@i%iyayfo%n“gO[mEiﬁiglgt];é\ln?ap:bee%% as

el ements 404 for receiving at least N differen
summedisstassel shevel Bayrke anpdhigds toAatbdeadies praveder

406 5. GRSt gd Leaé!n% %%@&Q%@dekmﬂég‘e A lflt%{%ie ip the

decodi ng the at | east erent su trons o
sour cartsi gifgirs COBAchy dtrmDf thiee rRcdil v éer ansemhlma0i8ons

i ncl d dgs i.ding di f n ti.ons
of the Masorod ErBnat oAt atey' | RELET R B35} 316
A receinerisassenbiygdis for cmirectied kodibhfewode multipath

despr er f.Qr receivin t.l east. .

di ffecfeoe tosnl?rﬂr‘?rgt Fgﬁse o%htchnee %ﬂfgéﬁfcg %fgﬁl%’f%r?t APFiaggons
si gnadf sdypaMasboncer otgssiy rébRivedcbpneled ectkdpedtiee
receiver assenbly 408 for formn m xjng_matrix 412
conpri i HG % ﬁgggf!nfe%%?n?%ed{%gggﬁ?‘sutﬁ’rg’i}?’osns of the
M souraref igjugaali on, Thige b Xin) sTghklXsédpar oo prajtdessor
equal to kKN. The bli signal separati on processor
110 A5 sehnecPFacte dhe o 2RkrarECh e R e ot

m Xi nEprdng xhé1dix {09 d]r iBepardi Nghénmifienrakktraki amn2
of the received si <gnal s, the above described si %nal
Splitqqmﬂflﬁﬁﬁ PR 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.

[00128] 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. 1In 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



used for increasing the rank of the mxing matrix A

W t hout increasing the nunber N of antenna el enents.
WEDB0789095, CDVA2 000 and WCDVA are exanpl es BET/BER00HEB3119

spect rum conmuni cations systens in which spreadi ng

codes are used. A common thread is that a unique code

is processed with each signal to spread the data over

a larger frequency band. [00134}F The same spreadi ng

code is processed with the received signal sum

(desivid Ye@i@ako BOASS:{RbIE dRahsgBNdu RKHROMN noi se
sources), . This causes the desired signal to be

r ecorRVHFONEENESCKNED 1§ st omMogitnAR ket Boreersa -

bandwigliizeiwhi R 1 8ea i fi i IR Sedl 818PE £ P tt REe
wi de frequency band. [00135] The above |isted CDVA

i npl ehirfieaensnpatbs uaths nnkre araRyasi gmtoasqlr éppsd icable
St mul {80k HuYSE Moh t IE AR &%qgs%yfé? q,cagh

signal streamuses a code that is ideal or tH logonal
to aldismwesedhénsreferantss t@orﬁ'dith &A. |sT1maQ citf frelyg from

deco t I n ter
Wi B JekerEaREL R I A rcto R ReRlng SRS s
sum idesiged Bogndi sprezdiempntt he weddll aandesaemei waégnal

Si gnage %%@1)6 Wi | JI‘hQ if‘% e\flc@aﬂﬁwgeegf hancC \a?;rﬁé‘SCted

anpl it erm an gnchanged of ovver
k-1 tssrgmal] @teyssiztﬂ'hblw bxf tasmthsrsomssnm reet aiheorslgncl

betwe CRVA i gnal s soth interferin nal s
are sorre&(ﬁlng%td rggoﬁ% ructed S IongoweYﬁrt htehedgrs Creg er
Si gnaﬂs.se‘ﬂblls BQSOMemS due dea elclhe adelhalye £x@ierihazee dnligue

t he individ als,_and al he rrultlpat
occurtRese ap: hE R S S5t che tHle it da osder
si gnales buédgechal xlnfyxixh;a riddvAxoBes, toi al sufiticas’® irAnk.
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over alilgnadi splvat iy B¥l further populating 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.
[00131]) 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 summations 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.
[00132] A receiver assembly 408 is connected to the

code despreader 406 for receiving at least kN different



therefore decrease the signal-to-noise ratio. [00137]

The form of the despread signals equation and the
WGE@RAar®IT hensel ves neet the criteria for blineCEURIATIN88119

separation processing. In fact, if one of the

di spreadi ng codes is individually applied for each

known signal received by the conmmuni cations device

400, individual sunmations thaggneet the | CA node

requi renents are obtained. [00138] Therefore, there

are asuniRiohSWoNthé &F §Bﬁ¥éeagh$n59§ the 6&{$du$ nal
matri x as known COdeS assum ng of cour se, at ll'?

each iﬁRﬁﬁﬂﬁéoplﬁéﬁ???s?%d@%bﬁéeﬁpn§99h¢¢|tﬁuﬁhauﬂqmglver
Underaéé%l‘yghbacf5fuf@£nﬁr}f§e% tl 5<§n§“a+\£t?:[>l: Oﬂza%orrﬁrlslng

increase of ‘the mxing matrix to a ue greater t
t he riitbert dPagdbdky. d$iﬁe49ann@MQmahnan$e@fwtha dhepugce

and Mcodas  may,prQvi E}thr X2 QY5 5 daor‘]gg \ﬂga‘ir yp to

illustrative purposes, €3 are assume
t he Sdkno@hecbaengl§wmn§iraﬁnmrntuhelpronQinmyomwu ty.

In t e r t.he A as
e despiendr A0R UISolh 289 R R
streanﬂaﬁmenleach stream has been despread by the 3

knomn The off. di agonal 0 val ues are_dye

or t hofo q%?ﬁty g? PERALRY Q%fh3088bﬁﬁh%ﬁt?§ éﬁ%«fegeéﬁad
6 ar esifgalshetyengbate chasrabednknonal ss e t5nef malfebe
sanme i nde 0014 The nali grrespondlng to the
col Ll EPr nang A 81Tt s G KB e oF Her TS PAESH O
of tfwidﬁ@ﬂwnlﬁeﬂ@§31ﬁﬁ ﬁHd“Hhm@@E'NSbgnﬁﬁﬁédﬁa W keRRWe s .
codes, Al sqg, one_Si may. be Gaussian and t he ot her

Si gné:tDMAs I8 PRerC %q G GPHAparebRXATRL @& spread
cent rgfe dtirlint cbiR@R S48 SN alyskbRY BRPAAM ciRSpedidigke

Gaussi an signal, e.g., release 4 channels. |In other

morckaQ§s are used. A common thread is that a unique code
is processed with each signal to spread the data over a
larger frequency band.
[00134] 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.
[00135] The above listed CDMA implementations
actually have many signal streams simultaneously using
the same frequency band. Each signal stream uses a
code that is ideally orthogonal to all the others. If
this condition is met at the decoder, it means that
only the signal of interest will be despread. 1If the
code of the Kth signal of the sum is used for
dispreading, the resultant received signal sum x; will
be mostly made up of an increased amplitude s, term and

either unchanged or lower valued k-1 terms.



sufficient anount of non-randomsignals wll add up to
a Gaussian signal. The interferers may be Non- Gaussi an
WG 2@RAr70gour ces or at nost one Gaussi an si ghal PURKS29051088119

to the network. [00141] After despreadi ng the known

codes in the code despreader 406, the blind signal
separation processor 410 receives a mxing matrix 412

of rank 6 . The rank of 6 is _dgri ved based upon 2

antenna elenments nmultiplied by a factor of 3 since 3

codesf@mdﬁnowhekg%é@én e {H %%Eéi%f%ﬁ%é&% { ®he

the blind signal separation processor erein the
m xi gP¥mtsiigeads?2 Ravihg Entenflerdhg6signéds nexk sStrewhat
bl i nd, signal ragj or e 1 hes .
separ s A e ey G pfg PLar IR et R SRR DS S i
modi f¢Eerhyluehgochhande bay expeaddenckd bhethe¢ | irstirveitded 1

exanpl fand) 51 ANA! 3186 S RERANIALRLOBLAR] The. Pldnd,,
si gnal “Separati on procéssor sel ects e"signalsto
be detiorted.s.FoSomranpl ehe turaldsitredf elgnass gnedsedimyp lgethe

dr opp nd all versions of the_desired_signals are .

sel ec‘?@‘f oﬁ?es'sé"ﬁggtlélacg?agsneallgl dreY pplT%ﬁ jpenpase will
denpdwtather aspdibeifbeantenaxdfloat ithe. dédberée niciHaAf,0but it
uses [l kn .equal i zat.ion techniques th conbi ne

Uhes i st areraned g hrdatd S5 votemaand 1

t he nohexrefener deceasset tiee ofifgndilagenabival resi shown as

0 abo f sippligity, could actually be nonzero. .

Thi s t//\‘g%%r]be &ﬁ@ ?rﬂ’r"ﬁ ?J%J;V" G2SErGALSnSt FRA LY reMatiognand
propetiid esgnalweenehbel eaxlatketl @nal srateridt rpenhask.

Thi s woul !rsgg?resent addi ti onal noise to each

separtEH A2t LeheRETCe S N ev L BUE RS shbfuPen®f the

rank @fsgRdingr c¥dés sdiffddi@ral@ySEppL e 4dech
Si gna}I( s, so.their value will be significantly reduced
r

af t er<iE GILORELsFBR%T Ve Rt dFoROPRBRESRTIRNS Tifvdce 400,

individual summations that meet the ICA model
requirements are obtained.

[00138] Therefore, there are as many row entries
available 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.,

[00139] 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



| eads to a decrease in noise, an increase in signal to
noi se ratio, and as indicated by Shannon' s |aw an

WO pos@ez®e7 i n channel capacity. [00145] Ref erriPQI/As2401/¢88119

FI G 15, the other approach for increasing the rank of
the mxing matrix A without increasing the nunber N of
antenna elenents is to separate a received m xed

signal into its in-phase (l) -ang quadrature (Q
conmponents. | and Q conmponents of a coherent RF signa
are coErRaNts whase 6nphd taylesnar §ehbsa SaEEsdWr WARSSwn
phases, are separated by 90 degrees. [00146] The
comutElisoRE 889 2@E0RdRpri ses an antenna array

502 conprising N antenna el enments 504 for receiving at

| east N different summations of the M source signals.

A respective in-ppade |and Quadd atayy eapody) s506 is
downstream t o each, dntlegna, el g 504 fporff sgparating
each one of the ffiffeaeﬁ‘tz”su@mig%ﬂ o%gof‘g‘i §é M sour ce
signal s received }¥e r=eb§ i & 0%n %npRas&hahd
quadr at ure conpongxnt| def, [0001e&7]a,A ugCcead Vs, |assenbl y
508 is downstreanmtq gagh jn-phasg and quagicgture
modul e 506 for reg€ilvilng the at |éast*N Phi phase and
quadr at ure conponeht se&s or @shefeat sedtl N]di f f er ent
sunmati ons of the M source signals. A blind signa
separation processor 510 is downstreamto the receiver
asseni10149Q8 f Bhef signaiys aarreispgndhhgi o Sdie column

conprj.si at, | east ;2N different su tions of th
sogfégﬁgﬁgﬁaké.gE%% $ﬂﬁ%ﬂu¥§e°§h8rqggg?éY?ﬁ%?Qﬂﬁnéinng
set puowindesd2si nputsethent ceile sigxaby SRtUnRaBR2 coliBe .

m Xi matri x 512 has a ran? egual ugnéo 2N, and the

bl i nd* i %Yn8MCs&pEPAL i B HoLEEEsHaB18nd T Atder signal
desi ried edaheeeChiynsl gndil 4 foupd bbBeyiheyi g edntra1512mit

[001%: One of %Rgtrﬁagectlve | and nodul es 506

eorem SO Yy appear as a single Gaussian

M W

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.

[00141] After despreading the known codes in the code
despreader 406, the blind signal sepération processof
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.
[00142] 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.



downstream from an antenna el enent 502 is illustrated

in FIG 16. A m xed signal received at the antenna
Web@aeTmIbs02 is split by a pair of mxers 520.PCT/HSZHOTYP88119

conmponents are comonly produced by translating an

internedi ate frequency (IF) signal to another

frequency range with two synchronous detectors to

whi ch identical reference signghs-90 degrees out of

phase are applied. Together, the | and Q signals

presefoca4ishe phaseniMfOrd®inaan sGPBEQ’t_{‘@H‘ bioddisdiFa10
signal ,_ thereby enabling a signal having a positive
frequdi@Fttothe 8igretera feederpdffonctravdiagrde, the

n_egatjin\t%rffre(frg?_egf?éfnaiQQJaAyg]beBergsﬁéaagximcﬁlgaflh%err%qgklgegf
m xed signals into I and "Q conpohents, the size of the

m xi igremdesixefingt gaaks ane geflactod. of Tiee . seledtedgsagnals
the |ax%n@tpglfi@gpege&“c?eg@ch%l%%%‘fdﬁgdmé gféjf fcje%{o%%tlaQQLg.
streans, en the m xed signal received at any antenna

el engiite dgpodulapr tusen ovetlio kdpiheeandl idatsicdn techniques
si gn + I f_di nt j encadi n

the turerar e e o aERe xEkalohE L TS e e
det er#03d4ilf | Ianth® mest geherbilneasé tyhe exfifi drgDhal

For i C ' s, been shown _for. GSM t hat the
enco iﬁ&ggaghggﬁa%%uorreajxiviente}grr v ré‘%lh%le%y’vw‘i%ld a%aKlly
appr dpr in@neefpl t Bningyowdnd ber cbessete i sudle dadeewhen the

as if_it e BPSK encodi ng. .Si nce_BPSK ts th

r equicroerr]r:g\rﬁlgé lf’%rpﬁ??en%tlsﬁsg%’gltwg EPaFati %%%o%@??ﬁﬁg?re

t he Inaange@fprocerlsidasarlidbedpeanehe aerkiddQlbdlisk to
onents of the above

and conmp an, be used with an

doscA0d SSREERRRY a1l TenbGHFHER: o°F PHOp g Fhewn cthe

M Xi n@nkRbEi ¥hé mathien is andfQcisntiSes, s dfeXithgse

ant ernigRel et st ARt gt “Ahb Aers LRarp @riddl degeced

t he uFteef tReabl endas RfeRkpatatiofi®fodssdnly. 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.
[00145] 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.
[00146] 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



that are uncorrelated with unequal polarization (a

factor of 2*2), and in conbination with the I and Q
waeemwpormeet s (a factor of 2*2*2) so that 8 i ndePemntisawn7/088119

m xed signal sunms are generated. [00152] This

mechani sm coul d al so be used wth the antenna array

defl ection technique to create nore suns of signals.

Each of these suns could in tugg al so be separated

into | and Q conponents. [00153] Anot her aspect of the

i nvend# aihd ®1 dbhieet edi §oa nduatiag Eﬁé@éﬂ}tir&gé LG B3 -
to support effective area coverage. Referring back to
FI G Ehase gind qupeEgtwre tRMAOMEAGt FOR- corresponds to

Bl ockgda 47y thg Eé@@§€@ftégéémﬂi9e§§hngsS&?ﬁﬁé%%égh tReeacn
illustrated roadmap. Signals from externa

transYAéc§ apd Anddrdtates sodylsi BRI Eof ranssivtioy she at

devi ce. 4 ryih0 C Lt ' robl em i s
ot PR XA e O Dbl LT
r andcii AGiasé. NAdif benents summagiignal of otineils esaquatdeo

r emai Jy ve gpecificld hql [ red Si I,
Lo Sgaiate WPRELIL IR LU, SRS ) 1
conmffivnstirean S9sthken tdwaivdowasgemdby 308 stomprioinéns, a

whi | e..ut:i | i zipg.th e_r}g';..f ltiple i cation
pat hgnltq{)mr?aé??ng%% ﬁ’% e gtéﬁil\%gnggsi%%ﬁm%\?% &P nk
and tswemagdépak| o€apleiN safrceheigystiem ELOfH G54)-phlaee and

term I Lon used herein refers.to ttern

cont oﬂ%g&gg&,r%ﬁ%%p%%gcwsteﬁ PaPYERAGS g H%é)ua‘vawil@ﬁonwe

or mayixiog daspiaySt2gr dde ofixsygneétyix BlSMhasnal Bank

FI G e17'alA recei Zlﬁ‘r 61 tis % r.rgunded y three spaced
apar T ¥ edPt FAneW (36 $16251 18305182 SRR Y6 Nt i s

t hat grveepabiebN0 CoOspianirtes6d@sin02, sGMhcs iynd13061€from
non-r.qQt at ed.change jn al e versions of each other, as

showt 15y "p&L P HELHHE % 650, 652, 654

[00148] 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.
[00149] 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.



in FIG 18. [00155] Simlar contours in geonetry are
useable, as long as they are rotations of each other.
wabmsprioge patterns contours 660, 662, 664 shoREI/US2007/088119

FIG 19 are all simlar in geonetry, and they are all
usabl e because they have different gains in each
direction. Wile simlar pattern usage is expl ained,

and in sone inplenmentations w lh be the easiest way to

i npl enent the patterns, the set of patterns need not

be si fadajo o A A knt BRE E8sd &IIdigGelrentDal LGodllg the

menber s di in gain in each direction of
tr ansﬁﬁ@meo@foﬂihﬁe@@é‘@lwq}’f ngeglisgial baharhl yzad/d® as

a chaphel tgﬁ rﬁ% £140h ;8B §19f fggiﬂreme €.

conmmuni Catl on In genera ane O
si gnaff'olgaﬁmit@émﬁou#tl lsa$ | et rszmoeld ﬁere%ﬂftdratem GMSK

vi sual g-calhﬁer§£%ﬁ%%ﬁ%in‘é%‘l%ﬁ&h%§e&%&““r n' :

azi nut ation or ati ons
t he Sanﬁmvefleﬂ:eaftihteeirmnm prakceshafeis wrhourdieiger as

the a . Wha r d si ona
di reg{]jlg of i sar\cérggg yglg%écg‘rn\rlgrgdtsé{'%ggt E&gﬁgér]eetgusl% is a
funCtIenuxﬁémammﬁefbedblinﬂﬁsﬂgnaﬂdspbysatﬁ¢n processing,

|nplqun5gt|%n limtatio 1S, ¢ %¥¥%?§ T?e %g |c concept

is tose S8 Bﬁos%verage
[ nfraBﬂOlﬂﬂtheISBhdSQ aEmpanﬁnﬂﬂ cadnberuséd seitdorany of

utili ries with c needs and r@lated cost

fact e AkecRafbr bed ikarhel eran REposes

into ﬁqlﬂﬂ@t@r $heWniRieqahet€6d o, bahes 5upROrg ei% hh)sea,

transmitter. [00158] Inplenentations may vary froma

si ngl B &EPORY FEtANE o bTRR Ips?PluéF"@%dn%‘o’ee Z fiiges the

sect ofgmddie BEe e enARYe Dinithdiverdedska. t EhaZ Rtk a0b1e

el evation, or azinmuth and el evation planes. A key
could be the use of 2 antenna elements (a factor 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.
[00152] This mechanism could alsc be used with the
antenna array deflection technique to create more sums
of signals. Each of these sums could in turn also be
separated into I and Q components.
[00153] 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 1s 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



benefit of using sectoring is that it alleviates the
need for tracking the device at the other end of the

WO 20080Z9DPer the beam form ng nmet hod. Leavi ng B¢BUS2007/088119
coverage region of one sector for another is therefore
reduced to a classical handoff situation. [00159] The
recei ver typically generates the pattern changes
suitabl e for BSS processing. -lazcontrast, the
transmtter utilizes techniques so that a suitable BSS

decodeirNE1RNMBAE Aési Labls iRall 8hhYbeXistSded N FREE
|nplenentat|ons this will nmean the receiver need not

generREPLER) 1nd01 4EF HYP pattBFNEiCcRRIBRRetyStem that down

i npl egEdeR ithRSe ?Eoﬂ?&ﬁ‘sg t\hﬁl@umﬁ.lﬁ’in%n@g BdRGits of
patterns is significantly reduced. [0016

enbod??&ﬁﬂPlﬁsCPSWUBH%3¥}9RHP%QH§n§ﬁl@é#bﬁlb%lﬁhe 670 at

an i ndfastdivehdss Shiufudi NSt hiAY LR Ak f&Jeex%Su
nobi | e conmuni cati ons device 680, as shown in FIG 20.

Thi s @Rasdityerf BBEr&¥sERM+t he situation when it is
unknopgh 1419t her gt Bsfmtam ta%hoasseyég%fm NRfers to

region are al so operati ng. transmt patt
cont RAEeEH2 COBSQur§8®QTH)5Q?G @ﬁduWatbdvawaa*g galns,

R e R A T e i U e R
may b¥hawmea FadGeolhci de NQQH4V@mv5%Dons sﬁrndupded by

transgnrteesyg;gﬁglega%géh?aﬂ)&f% géﬁ ééfd‘ﬁ'ktzo“%‘io A

cont our of ernis c nst dnt
for demh poims $Bothaﬁh@1¢mﬁ¢rtage aoaaomhser@ﬁmr 6020e804

not s nlflca chan ere i s no foresi
track%}%g |ds§18e t% %o%tlgoﬁtaa d?ﬁ%a[’%l%’i]scﬁlee Veeggq\‘féf of
wi | | @qmerateacre as chlamwge bdyn paaverhr ooht@oreredogv&52¢uess

to the gbgg transm ssion contours. The BSS matri x
Wil | %%erefo be popul at ed
[00155] 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.

[00156] 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



with the differences of the various signal streans at

different relative gain values . [00163] More
w@aoshtwbarly, the fixed transmitter 670 transPET/ES207/088119

source signal defined by a character set conprising a

plurality of synbols, and at |east one of the synbols

in the character set is transmtted at a different

power |evel so that the transmykted source signa

appears with L linearly independent power |evel tine

pericgg%uéﬂqgr%ekofmgd' J&miﬁypgfkggdﬁsgé fgC? f&ﬂg¥yonigf
the characteér set may %e constant, wth at Teast two
of t hera)edteldsbbaghft aandidfvsrientl popéemértation f or

exanp| £.:da29184] Wil e undul ation covers all

vari ations on the power contour of a sector, a

si npl [4Q16F Ji npFbArehéai¢ orpnumptd isate the sacratdd powerage

| evel t C Ang T r adi d ttern ul d

t her eqagteegr?‘gnéi%nw%egganeetlrﬁl t%éenaéﬁérgrhtﬁg%lacsté‘l \égngf“ber

t he vmf dsesitwirlsantil 0046 5tandfesl eiahl cspat bty rafeds and
ansmitter

i fi b i I | t .
e fa R Rk bR R L0 P APRRbIEN I S sratiopsmay

ions as di scussed above,
it whd dibe deedt tatot ® demerranl wisaneashbsedt &0 G ngor
apportion thcg1 gegree of undul ati on anongst the sectors.
For iHRBHFEES PY BhE 7evd ‘recei ved a robust signal
from pexitse) A Implémeéntepiors gagl vhEgnEsantdrsiBglel t
woul d be preferable to undul ate the robust signal from

sect FACTrafd PBadEPT R 1argRaPurbPet B0f sectors

hi ghethdn@éahesThha§ bePdereEitiateldo R nWeHk da Atk lor be
somewhat i ndependent from whjch signal was the desired
one SEHATIOR WAS FREMHR érererVaELPn | Pk RGTe P 5

I Nt erd e tMo@htis 88§ Usd ddohididt 8 EQRUSTt SATINA)iatklt the
its level cannot be reduced significantl %/tfdue to the

fact QSQHlﬁoﬁuﬁfﬁébéPgi%P?uﬁﬁ¥%§§r9tfBPei? ¢@r end of the
comuiPatsd Wekht88NBe £ M rming method. Leaving the

coverage region of one sector for another is therefore
reduced to a classical handoff situation.

[00159] The receiver typically generates the pattern
changes suitable for BSS processing. 1In 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 is significantly reduced.

[00160] One embodiment is for one fixed transmission
point 670 at an infrastructure site transmitting to 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



device. [00166] If the received dom nant signals are

all fromone or nore transmtters using the undul ating
W@ sariosy, the receiver nerely takes sanpl es RUF/USZY07/088119

each pattern change, and uses the resulting data to

popul ate the matrix for BSS processing. [00167] If

there is a mx of transmtters using the undul ating

signaling and others are not _uginhg it, the receiver

can use classical signal separation techniques to

aCCOUquJé?{ciBBe%QMEEQOQ'?e Sﬁé@%i@%rbggm f oL nd g, Ang FIG.

mul ti-user detection nmay be used, for Instance.
Howev&- the BSS method will usually be nore robust.

Vhen Ghijcal h | V4 Nl er
def or trcr&aot%i or]1 angh%eﬁg{’ﬁ?ﬁé el%{)l}g% gé%ﬁ%zﬁgﬁga%z{nermﬁg PS
i ncr eigted e camRcbfe twietIBIE vistiong abovike ttwanwmitier
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pat t ethre patteunsis8ehaGxt 686 heiltihcohseantsi pnalesichr eime

sent th r piter. 670 and there,are t ot her
Si gna%o%ei%ﬁtﬁ r@ggg]f%/é%,ar? fe t?lg&?%\%? %%%svﬁ')% d need to
genersitgnidtickeady thangontagr sheeesepanat foddwght

i nterferer.s against, eachother. .This is three contours
| ess 1izl-wala‘\:n Wu asH%VEO b%c’erﬁtei?é{ea'éggi‘f the transmtter
670 WHIL 629t gEher ad¢ceivdd widWNexpbriéncé e change in wave

I npl tati burd th ' . 680 i | way
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si ngleorjoueam ahongss wdtOiad wlallhchéher §ad iy hopRANkeLs
set nee n%t ge rotated or_dissimlar. This is because
t he é‘{ﬁﬁmt §sOYEFREEUL ROT 1oer BRE1QR? BBINAL Heags at

changgd flegleati ¥e140i v |gOiheaikesei ved signals. The

transm tter 670 may therefore use a sinple power

chang%pq%§P]theM°re particularly, the fixed transmitter 670
transmits a source signal 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. 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.
[00164] While undulation 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.
[00165] 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



overall pattern rather than needing to change the
shape of the contour. If only one other streamis
WG 9ReToat the receiver 680, BSS processi ng w PCT/B82007/088119

abl e to separate them even though one is constant in
anplitude. This is because the power dithering source
provi des the changes necessary for its operation. |f

more than one other streamis pgceived, they appear as

a single grouped interferer to the BSS processi ng,
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680 can be used t nprove the oyerall operation of

t he I5*hRECCESATY ng‘?%n’cte L FOMPURAFIET WeE: Sgpe other
deterdg'vﬁ@;et_he degree to which each change in pattern
contour__provi des useful data. This information is fed
back k091684 tr RAAsthe teiceErsd PRBIRARRSP RS G276 @ah from

then adl st mbte OPSKSH 1A A0 usHREOVEe tiadidtingut i | i ze
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whi ch 200 plaR t WPAL cREMIENGRERSBs the resulting data to

populate the matrix for BSS processing.

[00167] 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 additicnal patterns to
increase the rank of the BSS matrix above the number of
signals to be separated.

[00168] 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



pattern is used, and how many changes are nade duri ng

the course of a synbol transm ssion (i.e., change from
WOLM8/0N0gDNt ours) . Adjustments in contour chaPQEESIeT/088119

synbol will need to be conveyed to the receiver for

best performance. [00172] As readily understood by

those skilled in the art, a source signal transmtted

by the transmtter 670 is defipgd_by a character set

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

the siol Sthilsthe AR o3EL 1§s§ré{§mogﬁ% 8Ly been

di fferent power that the transmitt source
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a recsignel psodesst gl \atewpmal mtcel 061 7680 Arotkéng changed

enbodi nt involv e transni ssion ints that
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to J transmtters as the maxi num nunber of uni que

r el atihié ﬁémggcg%@%|%pe.ggwe* ditpering 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 6B0 itself uses other separation means, or has
its own undulating pattern generation capebility.

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

[00170] 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 3SS reception when
transmission is already supported, is therefore the BSS
processing overhead.

[00171] User equipment receiver 680 feedback 690 to
the transmitter 670 may also be used. While not

strictly necessary, feedback information from the user



[00175] The rank of the m xing matrix can exceed the
nunber of sources to be separated when there are in
WO 298/0T09Z sources in the suns than the recei vRCT/US20865088119

about. If this is not the case the matrix wll be
degenerative, and the rank will collapse to the nunber

of actual sources . [00176] The receiver operation for
the nultitransmtter site inplgwentation is basically

the sane as for the single site. The difference is

that dva pRaht eF88e DRNeretice¢aly beaghed M SifigdRfe €88 be
counted at the receiver for BSS processing. [00177]
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i nvention | irected to.undulating.transnmit pattern
Lo SUBgorPuRart PEi% Sk SRensht PR T s b gen Eron
r ef ent itogNbaocktdwrHl GAdZustinkhssaspecéniodud hanges per

invention.corresponds to Block 90 ip the transmtter

or ocdsuER BEbE: BReorta de FPPUSYFa o Vi nggiver for

Comisecabepfisreameei ty i S an ongoing problemin RF

Wi el o3 799t WORK S o S8 PRSI LSd 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.
[00173] 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.
[00174] Another embodiment involves multiple
transmission points that are known to be using the

above-described approach. Each transmitter is capable



basically due to RF frequency bands being limted
resources. There are various techniques utilized to
WwW@xB07109t hese limted allocations to nmaxi m zePCT/US2007/088119

capacity, but the demand in congested areas often

exceeds the avail abl e capacity. [00180] Referring now

to FIG 22, nultiple nobile wireless conmuni cations
devices 710, 720, 730 transnitygng to a fixed access
poi nt 740 nodul ate their RF patterns. The intended

access RAICRL 24D anth R eRded18G0ess DAL TS Melibae,

therefore receive d power [evel versions
t he thransmitted bi gwdl $ramhinstpeovideset hepabioroftl en 3

nece f e d in 4Q .t
opuiek, 18bel° TR SR D80ETS BNy THAY a1 the
t echmapsedle[ 06181] vsStpdverr deaeli ngmbindii@nL Aret hed que
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a source signal _defined a_res tive character set
conpri (sﬂgl'nfyrh Sp?ﬁg%ﬂ"f]? 3e/t°of%y s‘:)fﬁﬂaf‘g.ggi\fsIaesagt%eoﬂ@x&f“uf“he
synbalunber blieunbgpectd st ickapaeter 16eéls s= tihanspktf.ed
at a gjfferent_power |evel so that the transmtted

sour c@%ﬂgﬁal STE? oA The N BdE 159 MBE FiX \fale¥Seed the
conMMiiink@lri 6fSsdevteestapredepdrhbedt whe@dthdred atr@ kn
linearly independent power |evel tjine periods, where
LS EAGk PRTS; SPRECES orf Bhe Sums thepih ERee ivEFoRABES
accesbhdei. N £74Ris W Glbumhebeadefl tX&hLONMIR QAL baNs
devi ce, separates the source signals provided by M

si gn&lessggrativennahd e rank yvhél jcoblanse Hia é%ésgumber
CONMYHY Gakihamssggvieses 710, 720, 730 provide J o f the
M source signals including up to (Li*...*Lj) linearly

i ndep@9ddfd povehe | ERe8iveOPgEpFbeR. for the multi-
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.

[00177] 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.

[00178] All the methods discussed above for building
the mixing matrix may be used as part of this

implementation.



[00183] A s noted above, (Li*...*Lj) linearly

i ndependent power |evel tinme periods occurs when the
weomen7ievel s are different for the J nobil e WeCEBEUS887/088119

conmuni cati ons devices 710, 720, 730. The maxi num

nunber o f unique relative power levels is (Li*...*Lj)

, and therefore, the rank o f the mxing matrix

created by this nmeans or in cogbination with the other

di scussed neans can exceed the nunber o f sources to
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accessi ng devices. [00186] G ven that t he S|gna

r eceiv@@SFathivPatRes Hr¥doarrepei Pelnsetfbyogsdate their
pr ocegsipad teaHs PPerhACGRShded 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.

[00181] 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 at least J mobile wireless
communications devices appear with at least L; to Ly
linearly independent power level time periods, where Lj

> 1 with at least one Lj > 1.



poi nts which consider themtargets and in other cases
interferers, the proper receiver to align with may

W@ 20$/077097 t here is no overall network coordi naRCDHS200HE88119
i nt ended receiver should be aligned. If there is
overal | network coordination, neasurenents may show
that the best approach is to nake the signal easier to
renove as an interferer, whilesgtill providing
adequat e alignnent for separation at the intended

recei py182)0018KE LhcéMed L AR 6t BBEnsi P4¢] WROWLESy be a
whi ch_do not use the RF power |evel nodul ation
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degenerative, and the rank will collapse to the number
of actual sources.

[00184] 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.

[00185] 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,



i ndi vidual signals are then recovered at the receiver
t hrough knowi ng the orthogonal code assigned to an

w0 padBMToRl | i nk assum ng orthogonality is mai PCEUSZSA7/088119
in the receive signal. [00190] The signal being
transmtted by a transmtter is a spread spectrum
source signal defined by synbols, where each synbol
conprises a plurality of chipssbased upon a spreadi ng
code. A portion of the chips within each synbol is

transg¥ e@dualingi {hereie RRUWAK .| eYRL 8q S&uddile e
transmtted source signal appears with L |inearly
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each sAeadll maywbek expaidinatiibe, r aakswf ertdre: srimeiynghow
matrix. .Each poriion of chi.ps.being transmtted at,
diffé??ﬁt%égme?sfe%%ﬁggiéﬁIﬁsntga@ﬁggyﬁkﬁﬂs qc&ﬁﬁ??§et°
a setremioveonsti gnoustetfigrer,[ @81922] sThel iglealiding adequate
situati.on, h ver, breaks do [n three, scenari,os.

One. 8 AR5y ERBGHTRATAY O o8P of B FRIRS HEF A& o

di f f epoiong7pat h1detivyise fare heerndiyhsliadoumiess wacehved

by the receiver._A second is_whe he, user egyi ment

i s ir?q} §8Fttﬁﬁn%%f?°V%ﬁﬁ el mo uiation technique,

classical signal rejection techniques can be used.
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,
[00188] All the methods discussed above for building
the mixing matrix at the intended access point 740 may
be used as part of this implementation.

[00189] 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 1IS-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



bet ween two adj acent cells or sectors. Athird is when
time slotted links are sharing resources wth other
W@2@s/0tada channel s such as in FDD HSDPA and OBMAXRSI07/088119

| XEV-DV. During these situations the orthogonality of

the codes is often inadequate and di m ni shed. This
results in greatly reduced data rates and nay even

result in dropped links. [00193p For a BSS al gorithm

to effectively separate the signals, the , receive

si gnaladiughiBe (8Neé aiggiﬁﬂaatp%r‘itbdt B S5858 SodRGSNed . akn
the antenna with relatively different weighting

f act orhe dsleaédi aibwatiem e iwodsdrerdulay %@@hd-llnkThﬁs
can hedRaenal theaif aHEL (Best h@h{@}?efé’@fl t%ﬁ;eéoth

posi tions.” Whet her the weighting factors are changed
at t e litigdenisskynueing dhe h"émﬁeéépwwse-ndfhetswey can

be chapgedqngh &hiRars S t@a nCRBELGLPUS S br-eglaglver

basic requirement”is that the aggregate signa
adj usthexpugdr kpowbod the Iceaémgagaﬂranyde i aesigred ror en

are %uﬁﬂ%?ﬁugg FERRT 2 Syﬁgp%%%Lo@&gglg§ﬁ2H$W%1%t%%§8d in

where 1 n frequency t aried
chi pg;he r‘éheiparah@mael be| ng varied is heI d const ant

for q§1965 Thrge. ¥ %&é Q%En§¥ gP ransmltter

t hree tinct S|gna s can SEp ar at

aggr eigatae speeedveplestzgxmlsoqr@@195bnda1 @eﬁrmts myt tsgmbbls,
sendi single streamal qng a_si nal . pat h
pattewrl}%rceoﬁf%urS%%l?ofleeod"pﬁd‘tsgﬁe rB?‘éf‘-f']o & Chlps based
di ssiupdnam. spheadisg hesiisa pbetsbgnat se d:etmt @dthin

the rec |ve bel cha relative all othe
occi R SVHRATSES THEPTPIeR: 6 SHESTHOFEAOPE T e vaLs S0

Si n'prhap.O\ﬁmEe cbaﬂgelﬁwd tdtrreecsabhapadppddy 9 atiker L
t han needi n% t o .change the shape of the contour. If
e

only R&agl kot ndePRRFRT s ROVRFede¥el  fgne periods, where L

> 2. A mobile wireless communications 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.

[00191] The mixing matrix formed by a signal
separation processor forms a mixing matrix comprising
the at least N different summations ¢f the M source
signals. The mixing matrix has a rank equal up to 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.
Bach portion of chips being transmitted at different
power levels within each symbol may comprise a set of
contiguous chips.

[00192] The ideal situation, however, breaks down in

three scenarios. One is when orthogonality is lost or



receiver, BSS processing will be able to separate them

even though one is constant in anplitude. This is
Wh2wans®It he power dithering source provides tPEI/US2007/088119

changes necessary for its operation. If nore than one

ot her streamis received, they appear as a single

grouped interferer to the BSS processor, unless the

receiver itself uses other sepagation neans, or has

its own undul ating pattern generation capabi lity.
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i mprove 't ess wWer,  or cause’| ess
I nt enfserredeeat chairedrs @mlra:huascanl PDD [HSTER avhi CoMpReoe

are ys of changing th rofll

The ARPYsBIn. Sl AR L EREEHGRs HE e 2 ogRBAELEY of

each tpat tedasi ss lmdan thdﬂrqnytehamgecslnarrﬁsrmde donisg
and how t

t he cour of a trans S

o aURReEIER Ot A e TSONEER; 3k teHN adhmay; fRen

Adj usterROtSihndesppealirl igkanges per synbol w II need to
be co g gto the recei ver for best rfor

(001970 BRhct | B oWt 2ABFAFIBr £0 o B asiaroqd FPRBRRte
in theler shbﬂ&i‘é %ai' ‘}”e@elfv@nl??néﬂtrﬁhs% 'rﬁef a5 Qﬁekegate

to average power ratio, the operational range fo
|i nearf aper aiyoals srecedivedd akeshiét amgerina &ﬂt&dln‘é&ldtively

Iine%&% n‘t\c cogg%{ 0l trfa gerfor thel PA, ant%[hpengg a

redu pEPE: Y ordt - di% FATE 8T et SRR T55h &P<and

r eceiinaiviiesal poidial s THie teansal doparaaiher tbahsgltter,

;tp:olrl gaghégggg.éeg,ongrerb%t a%oggtg]ortllsgavtvheedthbeyr t%e welghtlng
factors 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.
[00194] 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
varlations per symbol implies that three distinct
signals can be separated from the aggregate received
signal.
[00195] 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



[00198] These approaches include when nore than one

sink is being powered by the sane anplifier, the BSS
Wpewses®Phg changes can be synchroni zed in a fRGHUS07/088119

such that the sum of the powers of all signals remains

constant. In other words the increase of sone

transm ssions is offset by the decrease of others. If

the power is nodul ated at a vakye_close to the chip

rate, the excess power can often be absorbed by the

decouypld e o3L0L g, eéﬁ‘[ff—lgat ?:oWieEthEH L #oPRl 5@@%8@9-

Excess power can diverte o0 a dissipation [|oad.
[ 00198ttty pather nthdm negsiog threkanijeres ehapgapbthe

crealathdda RENBE]y nd RS Gk 00K L NGkl RN ST kngNd

the recei ve antenna ncludi ng adj ustnent
del ayreared veoweBS$S enebcarfs iplgawe 1ar bayalale ermaeparate them

par asl L tﬂ%gﬂ g, ¢! fgeégnssﬁ\gintthiﬁ%x‘%{]fglcfe I qdy 55
changes i n poFarrization; changeS in power plané
| oadibeganisiec hhe apswedefitgEriiog ebutbe pattistass;the changes

mechani cal rmv§ment of el er{:glnts L reflecrgors; an(gha
conbi IFESTER 8t ToAy* BF S 24880 1T BOSDOT R P& ther
met hadxedins eSS sede bbay e ety hppkdings t dies ifigliengrivaped X
may be used as part. of is inmplementation . [00201
oy MRREEFEAT] DRt PO IREPCBRBOH nnEes bithehd ecetver
i nvenitisel ukbksCotiRet Osdprratiind nbanse skildsedtsnolhe
art haviq the benefit of the teachings presented in
the fOVGEITAGIdBREFSIR i TR TATdOPhERRR Sted

dr awi poga9eiher gho1e, ndt Jt5 ilc@ 1henbBeles £ pok detackhe
invention is not to be limted to the specific

enbodiFIre tdPrecEER P P &h SAVABRERY CERFUTE Xa /@R be

enbodid@Nts amBrbié errledhdedran8 bpetHeesh W4 NiHe th@ks. For
scope of the aEEended clains. THAT WVHHCH | S CLAIMED | S:
instance, e receiver can determine the degree to

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 1link, 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 1link.
Adjustments in contour changes per symbol will need to
be conveyed to the receiver for best performance.
[00197] 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.



1 . A Communications system conprising: at |east one

fixed transmtter for transmtting a source signal
wa@l2dBaeE®9by a character set conprising a plurabCT/yswhH7/088119

synbol s, and at | east one of the synbols in the

character set being transmtted at a different power

| evel so that the transmtted source signal appears

with L linearly independent power-Ilevel tinme periods,

where L > 2 ; and a nobile wrel ess conmuni cati ons

devi Gt drOpoReRaL & KW SUNSHR tShaRahst &F WV ARA W 1Weq,
signal sources, where M2 , and with said at” | east one

t r ansiiidt EPNEREDI B MO tdBatRE Ry steveka kiappalcacheeh
the L;do1983r | yrhosdengiicRAVER 648! Wl d Y k848 one

said wirel ess communi cations device conprising an
ant erfidkadpaPeépappews iyl Ryathenpame| appehisidggr the BSS

receighifg 3t nheasindb diddenentyauAreti ong of & g’%sMion
source signals, where N 1 , a“recelver coupled to
sai d sarhefhatathaysyorof ddei vongrshef aall ediginals remains

1T I JAUTTRL | 1% Olydddf VhIOURCE: 210N Sorind 2
signal separation processor coupled to sai'd receiver

for ftoremismgsaiongi hy olfisatx byotpei detgedswe ot dtbess.N If
di ff n [ f. ¢ M_s | gnal.s he . .

T i e havieg Bl eoaudr iE Y st v
sai d stgnalthsepacats @rywrmoecessofténrbs egfaratkienig by the

deot BAABAES SO0 LAl B U e

anpl iExe@s sopoeac hcay nhicteritredt he ahdiscipatizet licad.

ConStfHHiQQWAtthé $§%S§rggmanoiwghgr 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.
[00200] All the methods discussed above for building
the mixing matrix may be used as part of this
implementation.
[00201] 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 is 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.



synbol s being at different power levels. 3 . A
communi cati ons system according to Caim1 wherein
W@ 2108/0Z1091 east one fixed transmitter is part OPCEHURNE8E088119
station so that the conmunications systemis
configured as a cellular network. 4. A conmunications
system according to Claim3 wherein said at | east one
fixed transmtter conprises a pkurality of fixed
transmtters, wherein a coverage area associated with
the base station ispgayiwethn i 3agMBHSTsW th a
respective fixed transmtter associated with each
sector and transmtting at |east one of the symbols in
the respective; charactimstiatabngd hifas Wby
level. 5 . A communications system according to a| m
1 further corrp@tsl?@s%toﬂeeésﬁeén‘érwmﬁ@te‘io\rer
assoal ket th i he Sal hitlcd $a%hadNGebiXEd By AIMalbBEer set
and erein sal wireless c mTunl cat 1 ons “device
f ur t mempeémpny sespuralbitive ofr aywhpls erafdratpleristi nge of
f eednagk S\RpSRL 0 Al el £a5a a0 Ll K60 HLA Uik ERd at a
said at | as one fixed réceiver on transm'ssion o
t he atiﬂfeasntopewsyrﬁmteli st hhathahactmnmaittt&td sherce

Rccortong  SPEPar Sy B i dr 3iRFRLYr Sadibe R PRV BT, 1ayer
I eastt_meepefriadpuswm Iof> Qheapdvver | evel and_ a
sequence of thes%gggi? i thin ngﬁﬁrtﬁéﬁ&tﬁs d%lvgge for
transmtted at "t ferent So %

conmuepaakitang sglst@sma@mld;l pgovddéd abynM askeradi Bources,
L
d ai préowdengi Bnsadfl thee o sehateds pghL£dariade et §
linearly independent power level time periods, said
wireless communications device comprising

an antenna array comprising N
antenna elements for receiving at least N
different summations of the M source signals,
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 L*N, said signal separation processor
for separating desired source signals from

the mixing matrix.



conprise N active antenna el enents so that said
antenna array forns a phased array. 9 . A
W@ 9870 Aat i ons system according to C aim 7 wheCEUSR007/088119
said N correlated antenna el ements conprise at | east
one active antenna el enent, and up to N1 passive
antenna el enents so that said antenna array forns
i ndependent suns of incident_sggnals . 10. A
comuni cations systemaccording to Claim1l wherein at

least two of said N asdANA RlteBREt Sy s ém R dHABNGA to
and have different polarizations for receiving at

| eastCaid df WhAaESND dF 19 et tadamati eash of N the

SOUr G aHadRakSsedlis AGNERHY, CRLkANSL SYSL &M @RF YedicRg
to daim1l wherein said wrel'ess conmuni cati ons devi ce

furt HembedgpPring At rékifananie PeHephdseebhd quadrat ure
nodul e coupl ed between each antenna el enment and said
recei ver for separating each one of the N different
summat i ons of Bhe Ms@m\m@@a@ahs 8 pe Ny caabadnskialgy to

into &%fﬁlpuﬂéfefﬁ e at tlatllé CBHQOﬁﬁ%d %;e%a*n%?r{l(Eter is

recei ver receiving t east ase an
quadrrmn]:r @fcenpasenstaian fsor thhe ahel eesurN aitfiftasent

Separ a\{s%% 95 Egﬁff’ééf 8 %' %%%ﬁla?”x?eé&%& si gnal

I on Processo
conprising at | east 2*L*N dlfferent summat i ons of the

M sour ce S|gnals th eagﬂgag Hgse g{ln%yadr%{%reto
component set pr ovi‘di Fg TS s Pntd° tH g9

natr|caéum'3eabbreint$uad_dﬁ neastyonedfixﬁmkﬂﬁaqmmuater
| evel _tine i od w th the Xin trix vin
LY e sRs p PRef g safeq s B, DRELLn &

comMMuyweataigenarey si ssbaicodlivight ehél Base IsvdtEel As
said s conmmunj cations device further_conprises

I
a co ‘;gggrégagrs%fﬁ&ﬁiﬂjWﬁ&ﬁmgeﬁespectlve fixe

transmitter associated with each sector and
transmitting at least one of the symbols in the

respective character sets at a different power level.

5. A communications system according to
Claim 1 further comprising at least one fixed receiver
associated with said at least one fixed transmitter;
and wherein said wireless communications device further
comprises a mobile transmitter for providing feedback
to said at least one fixed transmitter via said at
least one fixed receiver on transmission of the at
least one symbol in the character set at the different

power level.

6. A communications system according to
Claim 5 wherein the feedback comprises at least one of

adjustment of the power level, and a sequence of the



said N antenna el enents and said receiver for decoding
the at least N different summati ons of the M source
wWGe2@Rar®97 each one of the N different sunmmati oP&I/US2007/088119
including k codes for providing k different summations
of the Msource signals with L [inearly independent
power |evel tinme periods associated therewth; said
receiver receiving at |east k* % N di fferent sunmati ons
of the M source signals; and sard signal separation
roc f.or,m t ] % rXs | Sl t he _at
cas e RRoRR HTF R fe Sl <BRE" b 6] PpRild ol ehe
si gnaligferkotnpgivey hengli.x having a rank equal up to
at least k*L*N. 13. A communi cations system accordi ng
to Caim1 wherein said antenna array generates N
initial antennd.pataerorgyursizad iantespatan ragcording to
conprdi.si.ng.an, el evati on ntrol |l er ;or sel ecti vel
chandi TR EPESEHT G ht 'LATEREE SAEYTCR MR TR Ma
ant enmerrpdbtednsntenngesiensnitsg at | east one
addi tional antennapattern so that at |east one
addi tional different summati on of the M source signals
I's received therebya canthmiee®ivAs §@eeéwigddidnly to
different su tions of h\ge M source signal s usi ng t he
N i niGtied® AnbERRELDATEE A COXTALREER] SRR LR dst
one astiiprigeal dities enitenihimelenaneé sdecldtSQ@ai@Cantenna
signals using the at | east one additional antenna

pat t eriFaYs£PIMS; grRfathAFEYon processor forning the
m xing matrix conprising the N different sunmmati ons of

the M source signals and the at | east one additj onal
di fferent summ@ti on® ocFOHRI0RSIAPE oS ¥ bFMIRSCHALNGatR

of thedid PNGALLYih NsleRendentr reoWREd! S¥Eindd M ements
periods, the mxing matrix having the rank equal up to

at | SRFPTESR BFuseRte MMIFETIIE ABBPRRARERAT e P8HL UP to
SUMB{I0R%ssive antenna elements so that said antenna array

forms independent sums of incident signals.

10. A communications system according to
Claim 1 wherein at least two of said N antenna elements
are correlated and have different polarizations for
receiving at least two of the N different summations of

the M source signals.

11. A communications system according to
Claim 1 wherein said wireless communications device
further comprises a respective in-phase and quadrature
module coupled between each antenna element and said
receiver for separating each one of the N different
summations of the M source signals received thereby

into an in-phase and gquadrature component set;



of the Msource signals tinmes the L linearly
i ndependent power |evel tinme periods using the
wW@eowsnioal ant enna patterns . 14. A conmuni caRCDHS2007/088119
system according to Claim1l1 wherein said at |east one
fixed transmtter conprises J spaced apart fixed
transmtters, where J 2 , each fixed transmtter for
transmtting the at | east one ggurce signal defined by
the character set conprising a plurality of synbols,

with at |east gagdofedditysyHaRles vifgt PRe CharAGtAr S8t -

being transmtted at a different power |evel so that
t he PRI @89S AYAAFIERFDRAMRENENtr AA%HT feRrEhefedeast N

Wi th @itrdeasi bumbidnd id¥aHY M geapsadffgna&wrand

|l evel tinme periods, where Lj 1 with at least one Lj >
1 ; and the poveid| aignal fepsgatipnxproce ssmmifiamaing the
bei n Qi S t LT 5ergnt iye

[ neg?ilqgL igﬂé“ggséﬁge{ﬁ?‘“ povvei;H %\‘/:epgtalg{r:na£ p%flﬁ]od sﬁe%ge%\é

sai d Suatd@nsr afishie tersnunaed siberdsn withl edgnaéin-phase
separgld 0 1 XLAG, [ ri si

The i S ReaR R Lot aet Bra%aTR, s, 3008
si gnaihs mikdngi menyixefer edvhviofigther Bnkimzgpdly up to

at | [y T 5.:A C Lcations .system
accof%ﬁ%é)(e{nge&ra %’ndl%rdf %%éeitﬁﬁgogrgg#ﬁ%ﬂ on o aitgeJ

spac auixdpar matkxedhavimsm tagks egsabasedt aipon latasiteasL*N.
one o f pattern usage, orientation, power |evels and
timng of said J transmtters. 16. A communications
system accor di bg.t oA Genmmnli4¢anstienei syatemnheforafing to

conbi({}l]z;\atiimo ﬁﬁé%%?’?g?uﬁlf iwn etlhe rriéi n maé_—r.i X 1S basgd
upon tHeé hu r 55 Re FOTBYRY & ey 45y §
t he tiurtheer coflprbeénNp useid aAlkdprbedepotslipiadd Watween
betvwggld§%ignge££§n§ éééé%gsahd said receiver for decocding
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
said 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.

13. A communications system according to
Claim 1 wherein said antenna array generates N initial
antenna patterns, said 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



17. A communi cations system according to Claim1l
wherein said signal separation processor conprises a

whrisd7®Pygnal separati on processor, and separ aR€BEUSI087/088119

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

i ndependent conponent analysis (1 CA), and single val ue
deconposition (SVD) . 18. A coggunications system
according to Caim1 wherein said signal separation

Pr OCEsser$CBAN 8hee fhe1dlan el %EIHEE?oﬁéQ%ﬁJHe%@
the m xi ng matri x based on a know edge based

proc isngRél thetM axuxse |§r166éé§ iggregeived thereby;
conmuni cat i ons gy §t PO SGRAF dielkQ 159 ft%lN e R pgal d

S|gnal separatlon processor separ at e desire
sour cmmagians PEokhe HE sALkasy sncﬂnaila babrgl Wye & initial

Co”b'eﬁ?ctén?l% gfatefggw gﬁceerek&aeﬁ%qn | gRal sexidant i B

process an S|gna separarti on process.
commafdidtionnd dyfferentorpmmsitign af tkasd smuce signals

LT anSpU el hOL © { QOHT 41d A SREERCL RPEGH] ARG
? onpri'sing a

si gna i ned y synbo each sy
plurality of chapd biawmjl lmaratspneadoc@ssmdeiormidgathe

POT LI 8y 1R Dl DS LD, SRENUTBRL B Nimnarions of

tran | evers g6°1

t r ansttiet mdoamuecsigﬂuglmlampmam atvvlléhst d)l‘h&']eﬁfdl)tlonal
indep ower g vel rpt?ﬁ pﬁr i ods gf; andh
a rmbl ere | 885%™ h?rtbn? ca 5885F%es+%r?alsse'p P&t FRG
sour cEt s:@na.l dipeavivethdypeMdeingnabwepul €6s), tifier @eMiods,
2, ai_rr}_l wi,th said at least one transmtte r0VI [

one of'§

din
A RPoNr LB RAGING Wiren TERE paRe at Yeast
i ndepenienuspener nhever i nRIdiehibads, dﬁﬁf@lrent summations

of the M source signals times the L linearly
independent power level time periods using the

additional antenna patterns.

14. A communications system according to
Claim 1 wherein said at least one fixed transmitter
comprises J spaced apart fixed transmitters, where J >
2, each fixed transmitter for transmitting the at least
one source signal defined by the character set
comprising a plurality of symbols, with at least one of
the symbols in the character set being transmitted at a
different power level so that the J source signals from
the J transmitters appear with at least L; to L;
linearly independent power level time periods, where Lj
> 1 with at least one Lj > 1; and the power levels at
each fixed transmitter being coordinated to maximize
the different relative linearly independent power level
time periods from said J fixed transmitters; and

wherein said signal separation processor forms the



wi rel ess communi cati ons devi ce conprising an antenna
array conprising N antenna el enents for receiving at
wo ewge7M9di f f erent summati ons of the M source BCTHS1087/088119

where N 1 , a receiver coupled to said antenna array

for receiving the at least N different sunmmations of

the M source signals, and a signal separation

processor coupled to said receigyec for formng a

m xing matrix conprising the at least N different

SUMMEH O Hackhs Mmﬁ i $fn 't@u‘éa|a§ 1EQ§t”NXaI‘QféEBetrFt' X

having a rank equal up to atleast L*N, said signal
separ %wimﬁtl&ﬂ@c @§s§hef%r5®e¢%ﬁ @tllgngldesth%d“w}rg: gatrix

Signal g, ng'Q AR KMLY %gi t Zi%asé ?ﬁhm;}“ldfa | ons

system according to ere t he
portions of chips being transrn'tted at different power

| evel s wi thin g"h 2Y 088 % Cl%%' tsgs(:?ﬁ éé‘é‘é&oodug;'%%

m xing matrix. “22. A conmuni ca i ons em accor
to C@laimddnwivbeskennt beoxdd nest iiom @dchapdrﬂima@fd caipapx

bei ng L t f Ne % ach
syrrb013 ceg)acprrpst:ryl gggggégg% %$ cg]osn gg%us gh%gswé"m R?P
CoMupia Tl 1o s ag g s t eniam:mnbmg pto@:e@l aeveld amdrimingnof

anplitude of each ip.wthin a synbol is constant.
24. A %’ocﬁrﬂir‘f’r@&sfnéﬁgeg%t em according to Claim20
wherein said at |east one transmtter is part of a

base station sq_ that the comuni cati ons system
configured as a®cel uF%’Pm‘Hé’tW“52§ysﬁ\e@o?rﬁﬁ?ﬁ‘{:’dt &is

Syst emy &€ adiwh@re@n a number of combinations for
populating the mixing matrix is based upon the number
of different power levels being used, the time periods
being used and the coordination between said J

transmitters.

17. 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
matrix based on at least one of principal component
analysis (PCA), independent component analysis (ICA),

and single value decomposition (SVD).

18. A communications system according to
Claim 1 wherein said signal separation processor
separates the desired source signals from the mixing
matrix based on a knowledge based processing signal

extraction process.

19. A communications system according to



Caim20 further conprising at |east one receiver

associated wth said at |east one transmtter; and
waobmseii9sai d Wi rel ess conmuni cati ons devi ce fRECT/H§2007/088119

conprises a nmobile transmtter for providing feedback

to said at | east one transmtter via said at | east one

recei ver on transm ssion of the portion of chips

w t hi n each synbol at the diffgsent power |evel.26. A

Communi cations system according to C aim25 wherein

the fardRagk,GORPIH SESi Alsilypast sQ?gerf_lc%jj PR Of
the power |evel, and a sequence of the chi'ps being

t r anRPEEageat thaedess ¥xres EPurggweionale| fray the mixing
commMyn GaLi BQ§e§y§rtx &M G- di3gnt Qank ik Y858y

said N antenna el enents conprise N corr ated antenna

el ensitgnal e8tractbpmmiassisoasdsgsbbmdctigndilngeparation
Clm:pfgéé%ggrein said N correl ated antenna el ements

conpri se active antenna el enents so that said

antenna array fornms a phased array. 29 A

conmuni cati ons ayStfrgo%n%% %8@90% &Q‘n coméatrllrsg.lggt

said N correlaged dntenna. el ermen npr S€
one active ant ennbeastenerd trandmmptén fer passmieting a

oL S TERLEOF {0 e G 8L L SRR, cacr

COMEYntatli @bfp8YSikiN AGAUrALAYyt 6F Chaipsa Kaselienpon at
| east two of sai enna el.enents are correlg&lg cach

and FRFE3AMTPFRAE p‘?ﬂchai PREEIAB PEr ERRCEH RS

I eaSts_\,&r\h_QJlOBethg ﬂkﬂhéxiﬁft@at asuaTBEE &St Qlovdie Wdvels so
source si %nal 31 conmuni cat i ons syst em accor di ng

to Ak bev\ﬁé?’é?’ﬁl%%ﬁ% SAUTEReSIIRBIMARRLAHRS s

devi & el HEE nEOPBRASHRS RWe@SPEGE] VEihd -PERsANGhere L
quadrature nDduIe coupl ed between each antenna el enent

and Saild 2

a mobile wireless communications device for
separating source signals provided by M signal sources,
where M > 2, and with said at least one transmitter
providing one of the M source signals with the L
linearly independent power level time periods, said
wireless communications device comprising

an antenna array comprising N
antenna elements for receiving at least N
different summations of the M source signals,
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



receiver for separating each one of the N different
sunmati ons of the M source signals received thereby

WO 2108/021097 n- phase and quadr at ure conmponent setPGEUS2007/088119
recei ver receiving the at [east N inphase and
qgquadrature conponent sets for the at |least N different
sunmati ons of the M source signals; and said signa
separation processor formng-thg m xing matrix
conprising at |east 2*L*N different sunmations of the
M source signalgasiM {4k eaGh d elenaﬁes@@&acuﬁd{ %tr%sssor
conponent set providing 2 I nput$ into m X
matrix for eacﬁoéfSQRR?QP#HGné&FPyeﬁn%Rﬂ%#ﬂkﬂﬂgndeEfrom
|l evel tinme periQdsmiaf rﬁb\mgggl&he m xi ng matri x having
a rank equal up to at [‘east 2*L*N. 32. A
comruni cati ons system according to Caim 20 wherein
said wirel ess uut'y ey IS
a code despreaggr cou{ﬁ“&ﬁg%a\%géhgsa %%%ﬁg‘;‘ €3
el enditesmadd whéede receimmr fodr tUecmlmgortmen‘atchlleast N
di ff t rce SI Qne
of t%% gdlggg?% sunnafﬂ%gg&?ﬁglé%w%@ eve %E%n sach
provisgimbglk idi éfeanto shremaanénsfothé hm;t\z!lrﬁpmfacterlx.
signals with L linearly independent power |evel tine
peri ods associated therewith; said receiver receiving
at | east k*L*N2ifferenmnsiicantibnsss gdtdiaddosainhgeto
signal.s;., and sai d signal aratlon rocessor formn
Che Ry et hr Lo e GBS, AB SPCh dSRAIOn ag ¢

di foTeﬁ.lmfg SENBhL Oed Qftc tdl&.’eréﬁtpr‘@wéSt anates.s twliehm each

m Xin ri x having a rank equal up to at, | east

k*L* N ﬁP%FrHﬁ?caat%%Q sggpém%%mw ‘to Claim

20 wherein said antenna array generates Ninitial

antenna patterns, said antenna_array conprising an

el evation cont#dt| b FEMGACAELPYRI SYTHRMATTPTAANY to

Claim 20 wherein an amplitude of each chip within a

symbol is constant.

24, A communications system according to
Claim 20 wherein said at least one transmitter is part
of a base station so that the communications system is

configured as a cellular network.

25, A communications system according to
Claim 20 further comprising at least one receiver
associated with said at least one transmitter; and
wherein said wireless communications device further
comprises a mobile transmitter for providing feedback
to said at least one transmitter via said at least one
receiver on transmission of the portion of chips within

each symbol at the different power level.



el evation of at |east one of the Ninitial antenna

patterns for generating at | east one additiona
waeiosharapattern so that at | east one additi onalPCT/US2007/088119

di fferent summation of the Msource signals is

recei ved thereby; said receiver receiving the N

different summations of the M source signals using the

N initial antenna patterns, anghreceiving the at |east

one additional different summati on of the M source

signal s using $de a dRashieneisdsli dyad R-beANAG to
pattern; said signal separation processor formng the

m xi §g2R8t 2P xwROHp Siheg TeREPACK $PRREReSS SHAERERSORR OF

the Ma5Qytnens gPalre 3329, etheeql | easd é)@%q%@%tn_l 8Rathe
di fferént summation of the M source signals, for each

of tsdips| babag | yranfséndent pooedlffarant pawer level.
periods, the m xing matrix having the rank equal up to
at |l east L*N plus the nunber of additional different
sumati ons of 2he M somwwaishghons systen @esording to

| neqnlyi DACHEOAEN JANPR LEYEhnS | S REI-0%SniiSt 0

t he i ona enna patterns onnunl atrons
syst emrgelt ot ed nantennd @dwmgﬁtahereln said at | east one
fixed transmtter conprises J spaced apart fixed
transmtters, where J 2 , each fixed transmtter for
transmtting the. ath leastundnet $ons cey signalcadetiingdtby

t he aracter set co n ural ity. of SY, ols
e h CARLRCR T vRste fF i M Ao Br LAY | Ank RS KRR Bes
bein@ompamsa1mt§mtfnezanhehheremém@mmersdEﬁhat saitlhahtenna
the J tran?n1tted our ce S|gnals fromthe J
t r an&FRY e FrBY 2 MN3F%h 24 east L i to L linearly
I ndependent power Ievel time periods, where Lj 1 with
at least one L é : and .t he gomer | evel s at each
r

fixed transmit#® bAGIW&FaFﬁ RR Y STASRPFEdiPHeto
di ff enent vel phéyeid 8 Ny cobRdepeps®intenna 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.

30. A communications system according to
Claim 20 wherein at least two of said N antenna
elements are correlated and have different
polarizations for receiving at least two of the N

different summations of the M source signals.

31. A communications system according to
Claim 20 wherein said wireless communications device
further comprises a respective in-phase and quadrature
module coupled between each antenna element and said
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;



power |evel tine periods fromsaid J fixed
transmtters; and wherein said signa

W@ 2panzdonpr ocessor fornms the mxing matri x CRCPUSWDTIERS119
the at least N different summati ons of the M source
signals, the mxing matrix having a rank equal up to
at least (Li*...*Lj)*N. 35. A commrunications system
according to Caim33 whereip ggordination of said J
spaced apart fixed transmtters is based upon at | east
one of pa“efnsé'f*&‘gfecélrx}e‘i‘:”trétcbggimg\% deeMelgaRd;n-
timng of said J transmtters. . conmuni cati ons
syst amagecondi agadvatlizg mos@onkrt efet s frmirde et least N
comnbi ' for [ eIk X tIiX .S sed
upon dtlh%tefleggﬁ%e?unﬁg%%ﬁrog%fhgoﬁﬁgg%{%%{giﬁ Sggd,
the tine periossidesimpalsegpandtibe pooretistat ifomming the
bet N .sai a jtters ...3 j - [
oyst SrabBofatrt PO S apalrarh E0TNY HiGHo0E
Separsatimat ipnsces sidie dbrgourses saghélsd witdnalach in-phase
separatj aon ﬁ;Oﬁessor and %epaEates t he d%fhredtsourge
si gnd"§ FFBRFERET R SR IRAT % ChRERY G %e? 1FEREFSoRBEO
of prdhecimpabingonponentfanalayai sf( PUA) L, 1imdanendent
conmpanent anal ysis (|l - and single, value .
Gecormcerengrnt SkRydt Lot MambRftaT orfid it the
accomtixiggt Matk 8k ki nher elafksagtabi ghalo saPAakiOD*L*N.

processor separates the desired source signals from
the m xing matrix based on a know edge based

processing sigpal extdéasiundaRkBs8SSystem according to

Claim 20 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

said 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 egqual up to at least k*L*N.

33. A communications system according to
Claim 20 wherein said antenna array generates N initial
antenna patterns, said 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
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pattern so that at least one additional different
summation of the M 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.

34, A communications system according to
Claim 20 wherein said at least one fixed transmitter
comprises J spaced apart fixed transmitters, where J >
2, each fixed transmitter for transmitting the at least
one source signal defined by the character set
comprising a plurality of symbols, with at least one of
the symbols in the character set being transmitted at a
different power level so that the J transmitted source
signals from the J transmitters appear with at least L;
to L; linearly independent power level time periods,
where L; > 1 with at least one Lj > 1; and the power
levels at each fixed transmitter being coordinated to
maximize the different relative linearly independent
power level time periods from said J fixed

transmitters; and wherein said signal separation
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processor forms the 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
(Ly*..*Ly) *N.

35. A communications system according to
Claim 33 wherein coordination of said J spaced apart
fixed transmitters is based upon at least one of
pattern usage, orientation, power levels and timing of

said J transmitters.

36. A communications system according to
Claim 33 wherein a number of combinations for
populating the mixing matrix is based upon the number
of different power levels being used, the time periods
being used and the coocrdination between said J

transmitters.

37. A communications system according to
Claim 20 wherein said 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}.

38. A communications system according to
Claim 20 wherein said signal separation processor
separates the desired source signals from the mixing
matrix based on a knowledge based processing signal

extraction process.



