PATTERN DI VERSI TY TO SUPPORT A M MO RECElI VER AND
ASSOCI ATED METHCDS Fi el d of the Invention [0001] The
present invention relates to the field of
lcation systens, and nore particul arl
W%%%%—i nput nmultiple-output (M M) recei %SF’%&“%‘G"’”"”
operating with a conpact antenna array. Background of
the Invention [0002]A multiple-input multiple-output
(MM) wireless conmunications systemincludes a
plurality of antenna elements at the transmtter and
a plurality of antenna elenents at the receiver. A
respective antenna array is forned at the transmtter
and at the receiver based upon the antenna el enents
associ ated therewith. [0003] The antenna el enents are
used in a nulti-path rich environnent such that due
to the presence of various scattering objects in the
envi ronnent, each signal experiences multipath
propagati on. The receive antenna el enents capture the

transmtted sphonaky p B GRls 3l Biwo
techni que is tEﬁEE [ t&ﬁ&‘r %E%gnsm tted
signals and recover the user da a?ﬁ%b € signa

processi ng techni que may be a blind source separation
(BSS) process. The Biegalr affi thei Entrdhtheli because it

i~ géénff gfgﬁg{ gp’erd%s}g%@ttg d.ll?lrv? ﬁgp' nioration gbouf, the .

communication systems, and more particularly, to a

multiple—input rultiple—output (MIMO) receiver

operating with a compact antenna array.

Background of the Invention

[0002] A multiple-input multiple-output (MIMO)

wireless communications system includes a plurality of
antenna elements at the transmitter and a plurality of
antenna elements at the receiver. A respective antenna
array is formed at the transmitter and at the receiver
based upon the antenna elements associated therewith.
[0003] The antenna elements are used in a multi-path
rich environment such that due to the presence of
various scattering objects in the environment, each
signal experiences multipath propagation. The receive
antenna elements capture the transmitted signals, and a
signal processing technique is then applied to separate
the transmitted signals and recover the user data.
[0004] The signal processing technique may be a
blind source separation (BSS) process. The separation
is "blind" because it is often performed with limited

.information about the transmit signals, the sources of



- 2 - the transmt signals, and the effects that the
propagati on channel has on the transmt signals.
Three commonly used blind signal separation

W‘it)g@pmsg%;:s are princi pal conponent anal ysi sﬁéﬁﬁ@?’“%’%m“

ndependent conponent analysis (I CA) and si
val ue deconposition (SvVD). [0005] M MO comruni cati ons
systens are advantageous i that they enable the
capacity of the wireless |ink between the transmtter
anﬂhmemmdn&mitt31@®aﬂﬁpramddth§h€ffﬁ&ﬁéKﬁﬁdtIﬁhéﬁ
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ankﬂﬁﬁﬁt&br&hmEObaﬁdWhNEh[ecelVer is dlsclosed in

Patent No. 6 870 515. Instead of using spatially
d.UE% antgﬁﬁ568IeWEHPsccﬁ%V%&?%E&QQﬁwﬁyaﬂﬁmﬁ 7S s

spatially diverse antenna elements so that the number
of orthogonal channels that can be formed is not
reduced. The problem with such an implementaticon is
that the performance of a MIMO communications system is
usually proportional to the number of antenna elements
used.

[o007] Increasing the number of antenna elements
increases the size of the antenna arrays for MIMO
communications systems. When a MIMO receiver is
implemented within a small portable communications
device, there is little available volume for a large
number of antenna elements, and mounting the antenna
elements on the outside of the communications devices
is a problem for the user.

000871 One approach for providing a more compact
antenna array for a MIMO receiver is disclosed in U.S.
Patent No. 6,870,515. Instead of using spatially

diverse antenna elements, polarization diversity is



- 3 - used. Since closely spaced antenna el enents are
used, this enables a conpact antenna array to be
provided for a M MO receiver. [0009] Even though a
nore conpact antenna array is provided, perfornmance
of the M MO conmmuni cations sysiemis still based on
the nunber of antenna elenents at the receiver being

equa re a n f
clehgite 2PReCtPandm Per ciranraaanr ShERER. grg veed,
pat ent sdeaebosesat hatphbe nunbenaotrregetvebanpennaded for
el ements is equal to or greater than the nunber of

t r aRsHittlCanEEeRn®Er enents. Sunmary of the Invention

[Oo%gbbg]v'em@QEntQﬁoﬁgﬁegohﬂgebéeﬁﬁﬁgﬁngﬁtenna array is
enbodi nents of the preSent invention seek to reduce

thepngnbéedofpanﬁenmanebeﬁént@eaMIHONﬁwmmv@é@ﬁVQﬁnasSystem

T e

conﬂaeé@abrOBglﬁgSéQﬂhl[@alaa]b@eaaerasneﬁtthéhﬁnmbes of
provided a nmultiple- input multiple-output (MM
confihFBEA| BAST'SYEBefT cORPr LSRRI EFanshPtt B¥amgle, the

tran§TBtPQEEEE”QlQEEQ¥eQOEH§%t%Hetﬂuﬁgég LeapspLtter

and conprising Mantenna el enents for transmtting M
souanEesngnaﬂemeatseceleqaalatpe09|geeaheenhhaarth? number
connected to,said receiver _and conprising N antenna

el efent5REPFeeBFGIHY &ECI"6E5E M di f f er ent

sunnatlons of the Msource signals, with N being | ess
than M and a signal separatlon processor connected
to said receiver f t

Kf”gbbfb?g thf at; L %a g %EEESBEn trlxbﬁ8§n8f t he

urce S|gna S SO t at the mxi ng as a rank
equakbtaiatnt east Mhesprdsshgnahveepacat seakptocesdoce the

number of antenna elements at a MIMO receiver as
compared to the number of antenna elements at a MIMO
transmitter while still providing a rcbust MIMO
communications system.

[0010a] In one aspect, there is provided a multiple-
input multiple-cutput (MIMO) communications system
comprising: a transmitter; a transmit antenna array
connected to said transmitter and comprising M antenna
elements for transmitting M source signals; a receiver;
a recelve antenna array connected to said receiver and
comprising N antenna elements for receiving at least M
different summations of the M source signals, with N
being less than M; and a signal separation processor
connected to said receiver for forming a mixing matrix
comprising the at least M different summations of Lhe M
source signals so that the mixing matrix has a rank

equal to at least M; said signal separation processor



- 3a - for separating desired source signals fromthe

m xing matri x. [0010b]In another aspect, there is

provi ded a nethod for operating a nultiple-input

mul ti pl e-out put (M MD comruni cati ons system

conprising: transmtting Msow< e signals froma
transmt antenna array connected to a transmtter,

t he transn1t n ray [ a n

e L ATSILL . PIL RN, 30 LAY ROURLT S4B MR SHTENe i cing
at heastxM different sunmati ons of the M source

signals,_with N being | ess than using a receive
ant 4ARAORI T ay 'BoApPE g?ﬁgaﬂpﬁﬁFen%heﬁFe nP§OVéﬁ8d a method
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M source signals to a receiver; and processing by a
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sunmati ons of the Msource signals so that the m xin
mat PRkehas alpanrteqhar t&2aeTfessnIM! aﬁarggpﬁﬂa?ﬁﬁg'
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[ 00 Iment of the present invention includes
a MeMdrcemmiigneati ons tby ¥t baiiognpessi hgaa M, uSlng a
transmtter, and a transmt antenna array conne

e EhRERE reftates

to FRESEVENSHFEEBR ARA°ofBPPSiig™ M AnfBhRA 8l &

forahhapsayt b ng @héOH&CQe§Bﬁnﬁ|aleQQéﬁkcﬁuhhatlons of
recel ve Si de a recei ve antenna array is connected to

a réb@uMesoaﬁ@ec@ngﬁaééstN antepraverendpflscrgFessing by a
recgh vy, QgsﬁgP%faakpgk%kgEﬁrEQFCéH tbeﬂﬁ gFeHhEONkhe

source Sign el n €ss si gnal
sepaeatiosarptoeceasolcary Med¢ﬁﬁaeehedSUmmBheon8 3 the M

receiver for formn .2 m xi ng natrix conpri Si t he
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A sgg;atlons of the M source signals so that the mixing
matrix has a rank egqual to at least M, and separating
desired sourée signals from the mixing matrix.

[o011] An embodiment of the present invention
includes a MIMO communications system comprising a
transmitter, and a transmit antenna array connected to
the transmittér and comprising M antenna elements for
transmitting M source signals.

[0012] On the receive side, a receive antenna array
is connected to a receiver and comprises N antenna
elements for receiving at least M different summations

of the M source signals, with N being less than M. A

signal separation processor may be connected to the



- 4 - The signal separation processor separates
desired source signals fromthe mxing matri x.

[ 0013] The signal separation processor may be a blind
signal separation processor. The blind signa
separation processor may separate the desired source
signals fromthe m xi ng mat+i3 based on at | east one
of principal conmponent analysis (PCA), independent

conmponent anal ysis (I CA), _an i Val-Ue i g1 the at
deéﬁﬁﬁH§FFi%ﬁr{§bﬁfgnﬁbﬁlgﬁ qﬁéﬁﬁ%&?&e f? fhe°si'gnal °
sepaLald @n PIFGessH Jmmasdparsatd tthe desionedessdgoels so
signals fromthe m xing matri x based

th on 3 knowedge ..
basgt tpridee SSiid & il e aSadt i'6R protéss FOTHE :
know edge based signal separation process may
separates the desired source signhals fromthe m xi ng
matri x based on at |east one of a zero forcing (ZF)
process, and a m ni num nean squared estimati on ( MVBE)
process. [0015] The receive antenna array
advant ageously receives the Mdifferent summati ons of
the Msource signals with N antenna el enents, wherein
N < M The N antenna el enents generate at | east M
different antenna patterns for receiving the M
different summations of the M source signals. The M
di fferent summati ons of the M source signals,
recei ved by the N antenna el enents at the receive
antenna array, are used to populate the m xing matrix
so that the mxing matrix has a rank equal to at
| east M [0016] The rank of the m xing matrix
det ermi nes how many signals can actually be
separated. The larger the rank, the nore signals can
be separated. Consequently, a conpact antenna array
having N antenna el enents, which is less than the M
antenna elenents in the



- 5 - transmt array, nmay be used by a M MO receiver
while still providing a robust M MO comuni cati ons
system [00171There are a nunber of different
wanbhotlissert s of the receive antenna array. ThecMos2006/037074
antenna el enents may be correlated for formng a

phased array. |In another enbodi nent, the N correl ated
antenna el enents my conpri§e4aT | east one active

antenna el epent and up to N - 1 passive antenna
el Ehenfidonst F%Pﬂ¥?@ﬁ?ﬁsRﬁQQEﬁﬁﬁrbéﬁﬁﬁéﬁF%ﬁn%53%¥€d

addihires, s@&n&f@sfréﬂW%HH il Yy eekrekated antenna
el ements may have different pol-arizations.
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different Summations of t M source signals
adeepesgbbos| pro¢eover tRy sepkreftet hbe miwwgeqlrmcmme
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fobk@%ﬁ%r%éiﬁys&fgﬂaﬁﬁ Ol R%ek¥esSseRergi iyl from
el evation of the antenna patterns for receiving
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[0015]3 The receive antenna array advantageously
receives the M different summations of the M source
signals with N antenna elements, whersein N < M. The N
antenna elements generate at least M different antenna
patterns for receiving the M different summations of
the M source signals. The M different summations of
the M source signals, received by the N antenna
elements at the receive antenna array, are used to
populate the mixing matrix so that the mixing matrix
has a rank equal to at least M.
[0016] The rank of the mixing matrix determines how
many signals can actually be separated. The larger the
rank, the more signals can be separated. Conseqguently,
a compact antenna array having N antenna elements,

which is less than the M antenna elements in the



[0020] While MIlinearly independent summations are the

m ni mum necessary to support a full M MO

i mpl enentation of Mtransmt antenna el enents, there
wareoadyant ages to exceedi ng M For i nstance,porais2alsloszor4

of the N antenna el enents at the receive antenna

array may be oriented to receive the Mlinearly

i ndependent summations. Li Kewi Se, not all of the

received sunmations are sufficiently linearly .

i ndepesEEntarT00 REVASE BEefaPYy2 M%/MQ HeRGe sy while

i n%@{iif:ﬁ:{l‘gﬂ&l&? fae&%%&gtOﬁIEQi SEmm I LfBhorH) system.
addrtiormal mxing matrix rank nmay be required to
sepaPRTE t hdwersi gnal 9. nAnbehepf adi/Bfrerpt gmbodiments
separating interferen IS U CESe d

r eggl %é?]tl%réee uct ia(;%r?%ln%gt %grg. gnZ?I?‘?(LJ{\E nor séerﬁlragteil&ments
whisgh 1od | owsrdlizgher fdat dormipg, a| phwsedranray.at 69,

and/ or. decreased transm ssi on_power. .[.0022] For_.t
Svetie Ty Theat SRTEEEl e et

r asky Of orirh¥el 98 XN g ealtcr behbgheve tdratneririe dlantwinch ang up
associated with the nunber of usable channels. This

i nEP Mse bPASSATH @P&'ﬁ&Pasﬁﬁ%m?P] %o“gfflf i‘onat % & he

Usyd + MLRDbRP W nh@l arTAvkediobys) M Mast two of
i npl ement ati on. Dependi ng on the neans avail gble to

i nekeall ccanre abachgriveRPAx e LeReNlintRY RATS stigifpgent
an}%/%fgﬁﬁﬁ%.s may still be less than the classical
M

M or increased to Mor larger to allow the
m k098 hat r iOtheanlerbedipentgsel t e\ negeivgantenna
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asdiieserdrtie duaiietd ons- p£. the0B43ei%e Isignal i oflis

diggégg%égeéaérfwgllows the rank of the mixing matrix to
be further increased without having to increase the
number of N antenna elements in the receive antenna
array. By increasing the rank of the mixing matrix,
more signals can be separated by the blind signal
separation processor.
[0019] The multiplier effect on the numbér of
received M different summations of the M source signals
may be accomplished using one or a combination of the
following. Array deflection involves changing the
elevation of the antenna patterns for receiving
additional summations of the source signals. Path
selection may be performed so that all of the
summations of the source signals used to populate the
mixing matrix are correlated and/or statistically
independent. Signal splitting may also be used for
further populating the mixing matrix. The different

summation signals may be split using spreading codes,



conmuni cations systemin accordance with the present
invention. [0025]FIG 2 is a nore detailed bl ock

di agram of the el enents on the receive side of the
wd Me/eesmauni cati ons system as shown in FI G geTs2e06/037074
[0026]FIG 3 is a block diagramof a M MO receiver
operating based on array deflection for providing

di fferent sunmations of sigral% for blind signa
separation processing in accordance with the present

i nvent Feay 1a0dR Erdity indog ip-pbRsei &fr aandfqurdvaiDre
recepnye £55§ ihg based on path selection for
pros?éi%% di éﬁgégnt summat i ons of signals for blind

si gh@P2Qkpar attiidre pf déessindy iLndapendalan caummath dise are

re t.J .0 281Fl i I l-agr am of

g l\fﬁg ?%%ﬁ%rn%ﬁe%sg%yn%obggggoﬁﬁ %pf%;ﬁdmlgkogodes

f or ixpp bametitreg: iaodicti Ohalrasunmrat eobenmd <l gralts,f ahere

bl i nd signal_ separation processing in, accordance w th
Chelhs ARt o R X oPBRIGT HiG FoF | MSF sk fot ald of
di agiam oint@ndMaleaeaicsebtOpRe atetgi RSB ha array may
|na§$ase,and guadr ature si conmponents for

pr

T g Lrorar et RmEhr o, SHOaA Ghdmeiemsndmend
Si N@hmBERAAL | QA KRLIGRFShBE AN aEanfanceMivih t he
pregéggaéfgggngkgnéufficiently linearly independent.

[0021] Additionally, if there are interfering
interference or noise sources, an additional mixing
matrix rank may be required to separate these signals.
Another advantage of separating interference or noise
sources is a resultant reduction in the signal-to-noise
ratio, which allows higher data rates, lower error
rates, and/or decreased transmission power.
[0D0221] For the above two reasons it is advantageous
to increase the rank of the mixing matrix higher than
the M which is associated with the number of usable
channels. This increase of L additional sums in
additional to the usual M can provide for a more robust
MIMO implementation. Depending on the means available
to increase the mixing matrix, the number of receive
antenna elements may still be less than the classical
MIMO M, or increased to M or larger to allow the mixing
matrix rank to increase to N + L > M,
[0023] Another aspect of the invention is directed

to a method for operating a MIMO communications system

as described above.

Brief Description of the Drawings




Det ai | ed Description of the Preferred Enbodi nents
[ 0030] The present invention will now be descri bed
nore fully hereinafter with reference to the
acconmpanyi ng drawi ngs, in which preferred enbodi nents
W(b?o"?’%:’%nventi on are shown. This invention Ri}/US2006/037074
however, be enbodied in many different forns and
should - 8 - not be construegl as Iimted to the
enbodi nents set forth herein. Rather, these
enfyedpagnt s af€. pioysded, B RAk kS 0@ 8CHogYre Wl
be thorough and conplete, and w Il fully convey the
SCEPEMBRLERRLPRAT eAY $ M tin tanpsadakice| Bdthnthhepresent
Li ke aHabgyrs refer to like el ements throughout.
[0031] Referring initially to FIG 1, a M MO
corkfBRbtat i oFiEG sy3t & 20nasid |derreilld béscki dbalgraihent
M VR:COTIHEALA! LONS, SYSIEMLA0 SONPLIESERo Ayt iansm Lt er
30, a transmt anteéenna array f, a recerver 40 and a
r eceinmenant eihos asysiyerd 235 Ahoweadinl yIappteci at ed by

h il ' h . ' d .
93808 el 4 o) bk R b S AP s

Conpegathhd yoadddi dn rLspactdare cant eANdoar paysidng 42
su rt two-way data exchanges. However, for_ purposes
of CPFFREER oL ?m?ﬁég%rﬁl%nﬁ&én@sn?%@e% will
besapdeat Do prEESBidLrinBAca0edanteCRiYEItHd. present
[0032] The transmt antenna array 32 includes

antBRRATEPRment s 33(1)-33(M for transmitting M

soghee7$i gnaphss 344 12 3d(MockTRe28PLANHA £l B Seceiver
33(1)-33(M may be spatially correlated, for exanple.
TheP8battrd shafrd LBHILh 3elRrtiay Bergeneybding

referEeaf o Q%fmxﬁﬁ _ hey nna

el ements 33(1)- 33 ﬁqn%y%%gﬁég%e?éﬂ?f?%@e%%gifo by

r eferpareieloumrete838ing 0033 Thedrpcei vEtant em ner srargy

42. ] N antenna el ements 43(1)-43(N) for

re%}é?%'{lﬁg&g't | east M different sunmations of the M

soliP@2BEki gnal®;. Wi tids N diced Hésgréhanf M MiMTeaddedver
act, antenna arra d at the

M _a co .may be us .

r eRBPVEr D RIS Bt 1 GHAPnPROCS obUStoMMG

C oattlhi Tarid Dnsmsysi M2 G L adgnalll ber dibBLns sethrial

greater detail below The antenga ,
separatiocn processing 1n accordance with the present
invention.
[0029] FIG. 6 is a block diagram of a MIMO receiver
operating based on in-phase and quadrature signal
components for providing additional summations of
signals for blind signal separation processing in

accordance with the present invention.

Detailed Description of the Preferred Embodiments

[0030] The present invention will now be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention arxe shown. This invention may,

however, be embodied in many different forms and should



- 9 - elements 43(1)-43(N) nay be generally referred

to by reference nuneral 43. [0034] The respective

antenna arrays 32, 42 are used in a nulti-path rich
nvironment such that due to the presence of vari

W‘E&”A’F@%"ﬁﬁng obj ects (buildings, cars, hills, PEL ;S?G%F%m”

the environnent, each signal experiences nultipath

propagati on. Each path may-bg thought of as a

di fferent communi cati ons channel. Thus, reference

NUASE abe Hodstrbk@ ok NERREEENES Bhé CalHRIIMMts set
environnent resulting in nultiple channel s between

t hEC¥ R SRS Pand RpélBiry e AR nFEO A FugRE 3 BT ey Propafigd

| sgd remsimiiied dikemubiget HaNEME &Y. LANA AR lete,
using a space-time coding (STC) transmssion method
asand Wi vild vt Fenzey. tgeosﬂs?m b dihe oteetilee e

SOUESE Sianaled ih kBLELLEr er SPUNGESI NalsFadd tif 9ke
an interferer 37 may exist within the scattering
enslgrmentthggughgduicnt erfere with the separation of

th i red i ri ns _t Q.-hiCrease
tnOSE ng. RePHEEtnd, B I O S A
popermairel dalid onsx spgtemt RDxwhey omalv dog aldesaxfibiéd.as The
W, e, di ed in greater,detail .bel ow .[0036]The
r e%ienﬁc\?ecoan%gﬁﬁé%éf’??\y r‘-‘f%%%%p%grée%mq?esﬁ\ﬁ di ft\[’réﬂlrn és'ﬁ;fll-lt-ter
sulhatd anerehithanhesndr aersy g3 sa Feayidrear dognrad a

rocessi ng technique is,then_applied to separ.ate the
Y RERrAg SFGAN A8epabart oA (BbepTRAsIabeg: DY4
| stigsywendiad etioihhenheegety et hd Oc fsrfiaridn@oa amidxi ng
matri x, 46 caonprising the at |east Mdifferent .
SUTRFERGits 30f "eKePRl §68F2ESS| Hhat LB FIFHV e i xi ng
Metddeiantady! afke@@UabshOctlvé eastea Bhe R RS, 42

si gnal separation processor 44 separates desired
SOtHRRC divaryayr eatehexahaners natifawevag,, for purposes

of iliustrating the present invention, reference will
be made to a transmitter 30 and a receiver 40.

[0032] The transmit antenna array 32 includes M
antenna elements 33(1)-33(M) for transmitting M source
signals 34(1)-34(M). The antenna elements 33(1)-33 (M)
may be spatially correlated, for example. The source
signals 34(1)-34(M) may be generally referred to by
reference numeral 34, and the antenna elements 33(1)-
33(M) may be generally referred to by reference numeral
33.

[0033] The receive antenna array 42 includes N
antenna elements 43(1)-43(N) for receiving at least M
different summations of the M source signals, with N
being less than M. Since N < M, a compact antenna -
array may be used at the receiver 40 while still
obtaining a robust MIMO communications system 20, as

will be discussed in greater detail below. The antenna



- 10 - [0037] As discussed in great detail in the
parent patent application, three commonly used
techni ques that fall under blind signal separation

ar rinci pal conponent analysis (PCA), ind
““%%ﬁﬂ%ﬁ%ﬁt anal ysis (I CA), and singul ar Valug@ﬁﬂgﬁﬂ&mnwm
deconposition (SVD). As long as the signals are
i ndependent in some neasurabke-~characteristic, and if

their signal suns are linearly independent from each

OtdWedmerANE AW (1Y048 (R HB§SBe blémel £l gnale Repadatoony
techni ques nay be_used to separate independent or
dess FesenssumeEesrdndPs froma nixture of the source

si g s Theneaguhabl evehanashes | StdLb,d 829f tenagendsed
conbination of the first, second, third or fourth

noFe R gnGfeiriRetei ghghs SnYDOSBIREA St dhet fgs to the
S cdISHS Jaleighsageaﬁﬁgemg NSRS @R 16k ts?ﬁe

thte data set based on correlation properties. |
sicpued - tho-ldai,setcad | 08 bhet pevipeeRNtsi HRahs sggeal

hi gh, t.he sjgnal ati S '

P HERT T BRERPLPaRECEGRD HAIP HpRnlinaY be
soth@eghisiagalss aade fifewent heomhGAL catgars aehanhel.
squrce sighals based on.statistical Aattri but

i VOt HEW P&mSEalf%Qr%ﬁ %%%bﬁ?éa%?g#ﬁﬁﬁgoﬁrce

Si G 152801 SAUroAmehgnaksuat n@alrs st irdrd chhenels
third and fourth nongents .are dependent on the fi5§t 42
AP S hd o ARSIk, PRAGGREROTS cEUotF e T4RY5e 327 42-

Copisisd s tanthssinead speat eUe srgnahst atrtcedesi gredykso32
appear Gaussian to decoders other than their

] b
SpRRLTG & SRASRITTGC 6RBLD0N ASTCE pet 1T EL Tehh Feshed 2s

an; aggr egate, afhsisghal s can appear Gaussi an due the
central limt theorem The | CA approach can separate

onEOQ%@ksiaﬁUSFﬁhﬁﬁiOAstﬁnt&Ft@rﬁ%ﬁ¥@% %%99Q3§'aﬁd
PCH, + SMEL SEPAUAAS %‘EZ%S%SBQUQ}:@M&@F&M@:%I)@V%B@ aby

source signals based upon their eigenval ues.
20971913 3828 HOT 1IS2 60810876 ng environment 50 and

interfere with the separation of the desired source
signals. Various means to increase the mixing matrix
may be advantageously used to populate the mixing
matrix beyond a rank of M, as will be discussed in
greater detail below.

[0036] The receive antenna array 42 captures the M
different summations of the M source signals 34 and a
signal processing technigue is then applied to separate
the signals. BA blind signal separation (BSS) processor
44 is connected to the receiver 40 for forming a mixing
matrix 46 comprising the at least M different
summations of the M source signals so that the mixing
matrix has a rank equal to at least M. The blind
signal separation processor 44 separates desired source

signals from the mizxing matrix 46.



[0040] As an alternative to a blind signal separation

processor, a signal separation processor may be used

for separating the desired source signals fromthe

m xing matri x based on a know edge based processin
Wg?‘ﬁ'ﬁ@%B@xtracti on process. The know edge baé’sa@?“&?(g?””

separation process separates the desired source

signals fromthe m xi ng mat+ipp based on at | east one

of a zero forcing (ZF) process, and a nmi ni mrum nmean

squaroafjest | Bt HOBc(HMNEE) 1 DI PEaSS dt@i 18XAMBhe. parent

[0041] The different el ements on the receive side of

t h@AD EBRMIRREAPT onER LSt LY [Wsedofepbniques that

di seusseddeR Bieakes; gelpi éezgy!:liapciro%f ereneeiheifhe 2.
The receive antenna array 4Z includes N antenna

el SPEWCRERB(aRal3enF (BFAYeddidansgdent] easponent

di ff.gneat S i 0 of s £€ 8i » 34

N S TR oo o e T HAT T and Aok REPEs Peagtiv)
t h&s NMonghasrtbei végnanl e dndepet@ens mot sbinai t ed

to LC ' ti . receive_ant enna
by FEREGRRELL LA A CONLL BB B s E BRRRE R Bl S5 aze
Thé iarbehgairtiepentdsnd mmy deehc onhiegyur edesorthate t e

antenna ray forns,a phased array.or, sw tched beam
nrohng, BB o5 kit b adnied HeRighpoctag oo Gsed to
buiskegiatgtthéntependgematst et rednecg@ak Esgha®at from a
di ff.erent suns of si%nals, The signals of 1nterest

caf&EEngl Py SRS hee | DV ithaf PenBepAtERPLPers in

thichagpptbeatt 08 280ostdd |sdip sepBhiakedonBecatse Pirst,
this S|gn|f|cant di fference in purpose, the distances

betRESRYantBRAA @F erRnt'd FPmredd Rét the 8igmalpecific

SEeNabakiON asch SuNOEORL |hd @QWnhed bYsagt Fyesanghy
passi ve beam form ng antenna arrays. 0043]T%e
r e6EFPBE BmOmPRt 3o teat Hendheedatrosehebaeed v

antenne1atisy ol oLl seel Wine gl ol gast - Mhahbl el elesos
sunmmat i ons of the M source signals A - -

bl PAdtEegaaireepaiandbn preoddgder thd bSgdalnsepzeat tan
th LV 4 i qgﬂgh the processor 44 is
iIFﬁé?%g%egége%%?éaigk%nrn ‘he receiver 40, the

pr d0€38dr nuayf atls® dgnaiclvdediwet hehidheot ecles vesurce

The.different unnqtion f the source signals 34

r eg’é’rgl\}%%s bV e FecetVer ('%O S§PETised %%e pOPTT Gt et ls
mi JobRgdnadh r $ixa st Idel rdodaigputekr ixv4bvisgtHied third and
praces ghe o re blind sign separation

ed b al
pr 8E§§?Hﬁj e 1© SPUETEE B6TURLAI n t HRIPrIESor

Gosignals are Gaussian, and their third and fourth
moments are dependent on the first and second moments.
A random noise source can be Gaussian, and spread
spectrum signals are designed to appear Gaussian to
decoders by other than their specific spreading code.
Under specific conditions, an aggregate of signals can
appear Gaussian due the central limit theorem. The ICA
approach can separate one Gaussian signal. 2As an
alternative to ICA and PCA, SVD separates source
signals from the mixture of source signals based upon

their eigenvalues.



[ 0044] The blind signal separation processi ng nodul es
i ncl ude a PCA nodul e 62, an | CA nodul e 64 and an SVD
nodul e 66. These nodul es 62, 64 and 66 may be
j ed as part of the blind signal separatiaon
‘Négﬁéégé%ﬁ 44. The PCA nodul e 62 operates bag@%ﬂ%ﬁmﬁﬁgwm
first and second nonents of the different summations

of the received source sighrals,-whereas the | CA
nodul e 64 operates based on the third and fourth

mopeey ] of ke agagetsrghalse 1862 DD DU 06
perforns signal separation_ based on the eigenval ues

of SERRF AP PERCESERTAL PoAdIBRL t FRPF R Yo POGHTEET Pay

sighalseq [R45kHRe 600 ECLALI 885 PEOEESSI NG Idighaals! ¥rom
perfoLmed by the PCA nodule 62 determnes an initial
s AFRITBRLFEX6BRPAf BF & hEne Fdge RasqthPEOCER§1ng

Of s1diea S UEERB1BAALS0c80Y . { NPnd GndPLl e 4B ignal

determ nes an enhanced separation matrix 68(2) for )
seprpand i@t REosegscecphrgAbes the tdresied mpunger istgnals

g’gf,rdn( £l kangl ﬁlamxsgg%?t 58 2y 148 SYRdRGULe zero

a separation matriXx eterm ned for
s eparcitriong ZEh e pdick-bes e nand uammat i onen giedrhesquegeidved
sour.c .anal . s.l.h.the m xing-.matrix 46, [0046] From
o e e sy HEHLEL MO 0B s, L 0B(5) Lhe
sepo4died sitppabdfieeentpebseatesl dry the kRceive side of

ref.er nunber .49, .The separ at sighal s 49 then
L GHAB BOBRED.f2r JUS SORELA' 26 MLONRA B2 WiRPussea
70Ld yieiterTdaeawi ghtBi geabsedte ©f FId.erast Taed

whi ch signals are interferers, An application

dCRARISI B EEBES PRG Kot Lhe bR banETe SRRt
outpuly fa3qimt kerSiraBakvangl ¥si SeaBdul a1il:e{2@47] The
deci sion on which signals are of jinterest na& not

2l SR TIPS 06 EhE Wi AGRTSE ghhInabs bié detidded. apsr M

| Rl ARC @rberaRRLLCR LAY FRYh CRlde Y ddentinfl B9 The
interferers and subtracting themfromthe different
s AR nangenpRearsagi 42disoupel Brigind $0 #8F t hen

f%%@ﬂ%dlﬁ% esﬂ%&sqrgwaﬂl_ tepa yavedar %ﬂ%%%%earﬁgp 42
this case, the signals of interest are the ones tha
ulntsysimesilydendnapobennger eieenrd. elements 43. The

antenna elements 43 may be configured so that the
antenna array forms a phased array or switched beam
antenna, for example.

[0042] For the purpose of building the mixing matrix
46, the goal is create different sums of signals. The
signals of interest can actually always be lower than
the interferers in this application and still be
separated. Because of this significant difference in
purpose, the distances between antenna elements 43 need
not be of a specific separation as is normally required
by active and passive beam forming antenna arrays.
[0043] The receiver 40 is connected downstream to
the receive antenna array 42 for receiving at least M

different summations of the M source signals 34. A



[ 0048] The rank of the m xing matrix 46 determ nes how
many signals can actually be separated. For exanple,
a mxing matri x having a rank of 4 nmeans that 4
source S|gnals can be separated. ldeally,

WA HE IR ng matri x 46 should at | east be equgﬁT{ngt{Oﬂgsmm
nunmber of signal sources M The larger the rank, the
nore signals that can be sepamated. As the nunber of
sources Mincreases, then so does the required nunber

of b&&h@neégﬁhﬁﬁﬁeﬁﬁr&l&bepr&:ﬂeﬁssaﬁt @at idi gewasededm to
the background section discloses that the nunber, of

antBfniceréient 40N abveme-hardt e Breceggar #8 7

gr 634 ek LhaRgt Espayg@ar a.t,famee%e%%&eabs Mat the
transmtter, i.e 0049] The recei ve antenna

ar pay:cAasSaavanyagéagsw inclidest wifsip ghef spepiver. The
su 0 aggenna

oI B ERens b uliec hag OF R B XGRS WibhadooskeInd,
gemeratigedt byetbe Medéifer efR e evwed pat pepnsaterthe
rece|V|ng

e.M ff ent Sum urce
S|Eﬁ§P§ ?ﬁgrﬁFdl fe?%% - Hﬁyﬁkﬁﬂa tloﬁg g&gg
sogireeesisgdaby Bﬂereﬁemwfmiﬁmaﬂdnsﬂgnanteaparaténnnts

43 at the . receive ant rra us

pOPHPEEE StRE WPQPH@S A‘f %llﬁle%%‘n PxPhgeesser
matgpi.x has a rank equal to at Ieast M [0050] As

not ed above, the rank of the m xing matrix 46
dotlO0fAes hBRETRAJIS| BHERRL (SRPHALIAN PrRESSSing

sepaiiatied. ifkeuhar gepch heod@k, 64 ,henice sbgiaksssaind
be separated. Consequently, a conpact recei ve _antenna

ar@@ySE@ medithg Réant ERnee arehtits 623, 6fhPed B8 MREsPe
%_,u'#_l'eanggngare' SgEE’ﬁé ﬁﬁma‘ 4 al1r aRah-btion

antenna arra sed MO recei ver 40
whiplre csisisiolr 6#@V|@hﬁgPQArmmﬂE&ePQQWQRﬁﬂ%ﬁ%@ eappensn the

Sy%&%‘tzgnd[ggg%hghﬁgﬁeﬁ%algfagﬂé/df%%@%%%%eghmmatlons of

MTati ons m ni mim necessary to suppor
fLﬂﬂheNhHDeupreﬁentaEIBng@¢l$4twhﬂﬁﬁﬂﬁ tawt é@Aamodule 64

I t i F
S i
re@ammeSa@hanna amhaysﬁa negube €6 ipentfedutso sigoeilve

the MIi nearl nt sunnat ons ew_s not
al [PSBPIA 0P AR08 DB HMEL § HAS Hi 1 f‘?’wA & &n?ﬁ?ferent

I | RRAaY iongependeat reasgfr@d neyuedes aimall sat her
& nal s that degrade the, signal to noise ratlg in
0048 to The W%ﬁa&nté?@n%?%?%%% gt

Se@%ﬁ%ﬁ%%ﬁd by the PCA module 62 determines an initial

separation matrix 68(1) for the different summations of

the source signals, and the ICA module 64 then
determines an enhanced separation matrix 68(2) for
separating the source signals in the mixing matrix 46.
If the signals are separated by the 5VD module 66, a
separation matrix 68(3) is also determined for
separating the different summations of the received
source signals in the mixing matrix 46.

[0046] From each respective separation matrix 68(1)-

68(3), the separated signals are represented by



[ 0052] Consequently, it is advantageous to take
advantage of increasing the rank of the m xing matrix
to M+tL when possi bl e. Anot her advantage of separating
interference or noise sources is a resultant

WO AW En in the signal -to-noise ratio, whi ERTESPYHS7074

hi gher data rates, |lower error rates, and/or
decreased transm ssion power.;4 Q053] For exanple, L
interferer source signals 35 may exist and interfere

W t:h reepakat homnet ke d§§é r%a%treqﬁ Sig9hRaks 484+ HERM
the mxing matrix, wth being - 15 - "greater than
1. UYdsrger 6a9nag aﬁelym if a frelonad rgedaeisxmpdsle 70

beqn, %’é%lﬁﬁﬁg Wh&@ﬁg gzgé(dié‘gaﬁeo c.]qg ac%‘?:'etslto h whic

antenna el ements ng at one a |t|ona
an&smmalglementn%ﬁkfepenwadéhaddmﬂn@malomedﬁsendent

I n f%%%%sﬁﬁglkéﬁﬁ 8f7£ S?%%%é%%;gﬁ|w nAqglgggPut from

t1ona enen ave thé €otn
eI el:rmnts&gbe[lomnb/ugfsls heodhBssical M MO appr oach or

AT 1" Beborae R o e T b e garrS SEhTEbeEest

by malyC heds la[llQaS/B eiffr¥l g R ridedla’iigrall MBYbLSt Bbtoded.
worthwhile to do so, even though it increases the
r eCSy &P SEARERNARE AR ST Tioet Q§%%nﬁq§ lgeﬂF%fﬁbng

rmtlrrﬂtér%ré@akamél sub€aMEF i Ml R $hwi bk rebt-ent
be a superior | ement ation versus an M el enent

i n’;ﬂ“@l’f}’@ﬁﬁﬁﬁﬁoﬁ PAgrerakssd oYt &49nGg Sm Red then
I eGRlVRhy lE'H\é'eﬁfg&ucE&rs%i)Pslﬁﬁ Pl sty %beeekhe in

pr esent | nventl on, the f [ ow ng di scussi on w |
f o Somaske MheoBigRaks gcwélzglte(W]amert@eapeea that

nu f e f%ig the receive
an?@%ﬁag%?gg Eﬁé H#hgg?ﬁg na elements 43 may be
cor[rO@I‘J@ﬂed f Ehef oenknygt atiphasletirar mayrrikn 4@ndehermines

i men rreI nten ts may
o BEMY; =pd8als ofeh i T o8 M-8R *aRdr U
toe&ahpnassEVﬁlamhgnmatfdxnﬁﬁuan(ﬂ'rhmmntﬁg4ameans that

Suut ghed Beapal g, A0 AU Lo, S et g oL

polcdr ithat mdRSng[ AQDD] £ dersieydialliatentes saf bkhegthetetyethe

an%&&&%r of signal sources M. The larger the rank, the
more signals that can be separated. As the number of
sburces M increases, then so does the regquired number
of antenna elements N. The ‘515 patent discussed in
the background section discloses that the number of
antenna elements N at the receiver are egual to or
greater than the number of antenna elements M at the
transmitter, i.e., N > M.
foo4e] The recelve antenna array 42 advantageously
receives the M different summations of the M source
signals 34 with N antennz elements 33, wherein N < M.
The N zantenna elements 43 generate at least M different
antenna patterns for receiving the M different

summations of the M source signals. The M different



array 42 have a nultiplier effect on the received M
different summations of the M source signals. This
advant ageously allows the rank of the m xing matrix

46 to be further increased w thout having tg | ncreas
WRHEPier of N antenna el enents 43 in the 383@5@86’037“7“

antenna - 16 - array 42. By increasing the rank of
the mixing matrix 46, nore sijgnal s can be separated
by the blind signal separation processor 44.

[ 0Q%GnEke ofl! bEPthermetbeste o drha NBAbeL Rl vEACE) Vet
M different_summations of the Msource signals 34 may

be 2REEHAPI PERBENELS| A9 VhetlR %eEdMsi RAtEDRa0RTERE 42 are

f ohls@wi Bg. péf)ﬁ@é(tge’f:lllg%iﬁhg{ MEAIMES 48N 3R0ERG ! PRe
el evation of the antenna pattierns for receiving

ad@iEisganasnirakaons @@nkhﬁﬂyﬂuﬁﬁea§lgﬁabs ¥4, Path
seligagko9n My bﬁo{)&rif%ﬁéj Stcilﬁt %%%al le thet Ex:r_ngalflaetrix

sunnatlons of e source signhal s used to popu

t héénidrtagmimes | ko Gname s;maélsatoem antiielly be

st at.st.i Iy e e Si Litting_ tma

pe SEEBtFar | R PR e e e e g nat P B e
Thbediséperehedsumame@m:sumalas dmpabe spbelvesifigenna
spr be SR i nt

des e h
(I?%%g qua FEHT € fﬁ?légﬁbo §WF§ [6857Y$ﬁ8g £5%0ess
di thaneﬁheembmdtmm Se dmdries raacetnvehantgaﬁémﬂt l'&Ytenna
now, pe d|5é%§seq%£qﬁgreater detail wth
reﬁéraxca t Pt TR6F T6- F& valle still
ar payvieihgci i esbwdd 1M dosghssed:idhe EeSebMe20.
antenna_array 142 conprises N antenna el enents 143

f olO82her at i WL e ithi Hingamdnt didgrpareaEnsupBations are
reeRE Vg Nl {4 &8 S0 s WBTRLIQRS-+0h Ehe; Mysmyr ce

signals. The receive antenna array 142 al so conpri ses
anilBPLGEER bRt kot errangmifopngenaat plengnichaddyi righere

an e | sast L1ial a
pa??ér%@%%ﬁh%snﬁoat i ng St rEiﬁzéeg\&l];t %gﬁe%gg%{l%%haﬂ ¥ os
anthant paterta siendits #3 ladasheonecativet aopabna array

o iteaggtsumman Ao L ooy s

t oithfiepemdei v esiamaninmar r A ké42sapdnoecel Vest titee N
?Ihaféf % ent? IS%lfnm}aatﬂloorhss %tfret %%f%li%ggzrlgfysigggéﬁl#& ng
independent. There may also be L other signals that
degrade the signal to noise ratioc in addition to the M
known signal streams being separated.

[0052] Consedquently, it is advantageous to take
advantage of increasing the rank of the mixing matrix
to M+L when possible. Another advantage of separating
interference or nolse sources is a resultant reduction
in the signal-to-noise ratio, which allows higher data
rates, lower error rates, and/or decreased transmission
DOWer.

[0053] For example, L interferer source signals 35
may exist a;d interfere with separation of the desired

source signals 34 from the mixing matrix, with L being



- 17 - antenna patterns, and al so receives the at
| east one additional different sunmmation of the M
source signals using the at | east one additional

[ 0059] A bl ind signal separatjon

nt enna pattern.
W‘S?"&?@%@@ 144 is connected to the receiver I4§UPHPEN37074

formng a mxing matrix 146 conprising the N
di fferent summati ons of the Nssaurce signals and the
at |l east one additional different summation of the M

sogt-eatsi-g8aha. 1 They M X AG By XhBasaakr 8K REURL x1Gy
N pl us the nunber of additional different summations

of "ERELK Boar e grka st eilid@uis hAFingetadaddi onal
ankenne Bak| Caffents [EAUdINY KAl %ﬁg&ggo&xw&t one

matrix 146 is at |east equa cessor 144

sepdfatésnddshrbansi ghkinerfy othlilherevidagadai ticndle.

[O n,ge y ' .
L AORhe T Peas 8 b SN B LAY nTRING, WIEE R, aaging
of atHétaprahgehemeniks ceay il lezgd whehcaunt of

def tLon nmechanis he defl ectio il | _gener.ate .
CnG EReRPR PEERA oY e st bRl SR fosH: it
eashyokethen athe nmaniasr ayf rAanentihebeM| Ssothevetiore a

2 times nultjplier effect by uytilizatjon of this .
CARREEAR 1HORTTTTS e Barphsilogr PBoEPanoRAns dibieas
i Nbe KndreibnNey BHEABIAIROGaRLEE WahR, aft aRiLNEK11 be

each of the K areas can provide for 2, independent
dePPEERT DA &r BAsTANP e TGP £1PNEE ERelAFXPAYE Prelthd x.

Fok-ebBSHARCENT dhind N AEAN R LAR! A¥oeaRx RROVE des Mixing
sumations by itself and there are K distinct
dePREELR o T aF 2l Mtherauwisdndot silgmantsuwill rofin be a

M X1;P8r DBE T {2 TBYe P 2NG v[elc_lggg] Sapar at kg sour ce

signal s provided @by M si gnal sources based on path
sef-Beieweniptioneiging Wesdicalr prerenseny MMG 4.

TOBFESRLYe LGNS, Fiah P SO TG ML LA

repepsény anvémasen N the ®llodiihfedbatusaiomtwoils Gfcus

;_hgn%ﬁg%Cgox:?:':c%‘a.i,fgna"ffst.h N and M bei ng greater than
{00541 There are a number of different embodiments
of the receive antenna array 42. The N antenna
elements 43 may be correlated for forming a phased
array. In ancother embodiment, the N correlated antenna
elements 43 may comprise at least one active antenna
element and up to N-1 passive antenna elements for
forming a switched beam antenna. In addition, . at least
two of the N correlated antenna elements may have
different polarizations.
[0055] Other embodiments of the receive antenna
array 42 have a multiplier effect on the received M
different summations of the M source signals. This
advantageously allows the rank of the mixing matrix 46
to be further increased without having to increase the

number of N antenna elements 43 in the receive antenna



[ 0063] A controller 250 is connected to the antenna
array 242 for selectively formng the at |least N
antenna beans. A receiver assenbly 240 is connected
tenna array 242 for receiving the at_ |l east N
‘v%?¥¢@§%%? summati ons of the M source signal?'.CTf&%B‘f"f;‘ﬂﬁm74
signal separation processor 244 is connected to the
recei ver assenbly 240 for for#ériig a m xing matrix 246
conprising up to the at least N different sunmmti ons
of at ey Mzsoumeisﬂcg@agizg[f)ﬂé%ﬂme &t irok s:%:gmi 2 g matrix
separati on processor al so determnes if the |,
di &f'er“é?ﬁe s‘;&ﬁﬁ’ﬁﬁisoﬁgnof’et REPRFILR &Y sﬁs’gen&?]sm&’r §ignal
cosded ftadrobrobakissti aal. |l y i ndependent, and if not,
then cooperates wi.th the controller 250 for formng

di F9%3&nt  baars MUt ipdéervehferbwwri Tiemefoer of

S ugpad 106 1ol 1 PR M3 0ULRRa 81 GR&l $f tithd WlRRE-dN8ignals
different summations of the Msource signals that are
not4 der dleapegoBplishefsEpEag | 9ne e e Bt nay iope of

M & NG A% 52460 25 AGERPULL § 0@l 1 B8 M fnfg%g”‘che
sufimrati ons of Xt he Source S|gnaTs are recel ved so that
t helematileg wdt the hateansapktberheddir eqpedivtiegM The
desi f. r i e e rat f th

m G $o RS B R B i FB s
r eosliavari e giagnbe percoumtér sé hehaf faalcdt fofthrul ti pat h
fadi ng ..t _doe i S by _using sever i ndependent

| CREAONEa0h GBFapOUT ST SETSIT b iRt 1 POReLRRe

t ot eniixishigv imd el xmdlet hpat BoeoepoinehtandAdr can be

used by nost _types of radio access networks. It ha
bediR Gt Fd YhéPESBERAGI Fy b%%%tr%isalif‘f&ﬁ%ﬂeé(diaﬁao
caske dae ool rapdulkat bepulht sn@bind nidihsaltelix 46,
specific incident - 19 - signal paths nmake it |
sttt fgren tne gt OB hahge2  hatpatts Fdd &t §sthe

bl ind. 5igRak.cseRar ati eRPrAEESSO 4 into in-ph T
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[0058] A recelver 140 is connected to the receive

antenna array 142 and recelves the N different

summations of the M source signals using the N initial



[0067] I n particul ar, when CDVA wavef orns propagate
they often encounter nultiple paths fromthe source
to thé destination. A rake receiver 256 is

: |caIIy designed to capture a nunber o
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spreadi ng codes W |
and mixing matrlx usable signal sums for each of the

antenna array means. There is therefore a 2 times
multiplier effect by utilization of this technigue.
[0061] If the array deflection is segmented into K
distinct areas associated with an antenna, each of the
K areas can provide for 2 independent deflection areas
and entries into the mixing matrix. For instance, if
the antenna array can providé N summations by itself
and there are K distinct deflection areas, the number
of signal sums in the mixing matrix may be 2NK.

[0062] Separating source signals provided by M
signal sources based on path selection will be
discussed in reference to FIG. 4. The receive antenna
array 242 comprising N elements 243 for forming at

least N antenna beams for receiving at least N



now be discussed in reference to FIG 5. The receive

antenna array 342 conprising N antenna el enments 343

for receiving at least N different summati ons of the
W{\)/I 3,%4 & si gnal s.- A code despreader 350 is connected

S"WHEME ant enna el ements 343 for decoding ﬁgﬂg?NMM3ﬂ”4

| east N different summati ons of the M source signals.

Each one of the N different-siggmmati ons i ncl udes k

codes for providing k different summations of the M
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'”EBSHEEE3£6°Pép1ace the different summations of the M
source signals that are not correlated or statistically
independent in the mixing matrix 246. As a result, at
least M different summations of the source signals are
received so that the mixing matrix has a rank at least
equal to M. The desired source signals are then
separated from the mixing matrix 246.

[0065] 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



actual ly have many signal streanms sinultaneously
usi ng the sane frequency band. Each signal stream
uses a code that is ideally orthogonal to all the
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M codes may provide NM matri x rows.
comprises up 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, where kN is at least equal to M.
[0067] In particular, when CDMA waveforms propagate
they often encounter multiple paths from the source to
the destination. A rake receiver 256 is specifically
designed to capture a number of these individual
instances and compbine them for a more robust signal
decoding. While the original signal propagates along
each path, its properties are modified by the uniqgue
characteristics of the path. In some circumstances,
the modification to the correlation and/or statistical
properties of the received signal will be large enough
so that they can be treated as separable signal
streams. A modified rake receiver 256 could be used to
extract each modified stream and feed it as a unique

entry into the mixing matrix 246. While this means of

increasing the rank will not always be available, it



[0078] For illustrative purposes, 3 codes are assuned
known and the 3 known code signals retain their
orthogonality. In the code despreader 350, the nixing

&&7 % A has top 3 rows and bottom 3 rows each due t

4% na stream after each stream has beefh® E@@ﬂpg o

by the 3 known codes. The off diagonal O values are
due to the orthogonality of 2the-codes. The col um
entries 4, 5 and 6 are for the general case of

unknowt siddRal $eohvhiieabageih nkkgh mmww 038326 X
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areyvironments when it is most llkefy neé%
[0068] While a rake receiver 256 can exploit the
different paths, the more general approach applicable
to any modulation technique is beam forming. This
differs from the rake receiver 256 since beam forming
is used for desired signal enhancement as well as
desired signal rejection. The difference however is
that the rejected signal may actually be another
version of the signal intended for the receiver.
However, the receiver assembly 240 needs to detect a
number of these unigque propagation path versions of the
same signal in order to build the mixing matrix 246 to
a sufficient rank.
[0069] Signal splitting is also used for 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.
[G07C] Signal splitting using spreading codes will
now be discussed in reference to FIG. 5. The receive
antenna array 242 comprising N antenna elements 343 for
receiving at least N different summations of the M
source signals. A code despreader 350 is connected to
the N antenna elements 343 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 assoclated therewith.
[0071] A receiver assembly 340 is connected to the
code despreader 350 for receiving at least kN different
summations of the M source signals. A blind signal

separation processor 344 is connected to the receilver
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assembly 340 for forming a mixing matrix 346 comprising
the at least kN different summations of the M source
signals. The mixing matrix 346 has a rank equal up to
kN, with a resulting rank at least being egual to M.
The blind signal separation processor 344 separates
desired source signals from the mixing matrix 346.
[oo721] Depending on the modulation of the received
signals, the above described signal splitting may be
used for increasing the rank of the mixing matrix
without increasing the number N of antenna elements.
CDMA IS-95, CDMA2000 and WCDMA are examples of spread
spectrum communications systems in which spreading
codes are used. A common thread is that a unique code
is processed with each signal to spread the data over a
larger fregquency band.

[0073] 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 bandwidtih, while the interferers are spread
over the wide frequency band.

[0074] The above iisted CDMA implementations
actually have many signal streams simultaneously using
the same freqguency band. Each signal stream uses a
code that is ideally orthogonal to all the others. I£
this condition is met at the decoder, i1t means that
only the signal of interest will be despread.

[0075] There often is some correlation between the
CDMA signals, so the interfering signals are somewhat
reconstructed along with the desired signal. This is
often due te the delay experienced by the individual
signals, and also the multipath occurrences of the

signals. Some of the undesired signals, especially the
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CDMA cnes, will increase iﬁ value. The increase will
not be as significant as for the desired signal, but it
will still increase the overall noise value, and
therefore decrease the signal-to-ncise ratio.

[0076] The form of the despread signals eguation and
the signals themselves meet the criteria for blind
signal separation processing. In fact, if one of the
dispreading codes is individually applied for each
known signal received by the receiver assembly 340,
individual summations that meet the ICA model
requirementis are obtained.

[0077] Therefore, there are as many row entries
available for the mixing matrix as known codes,
assuming of course, that they each pfoduce 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. ' '

[oo78} For illustrative purposes, 3 codes are
assumed known and the 3 known code signals retain their
orthogonality. In the code deépreader 350, 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
entries 4, 5 and 6 are for the general case of unknown

signals of the same index.



s6 PCT/ US2006/ 037074 [0079] The signals correspondi ng

to the colum entries 4, 5 and 6 can be other path

versions of the known codes, or other cell signals of
odes. Al so, one signal may be Gauss,

W#Eﬂéglg%@ﬁg? signal is either CDVA signal groups 08%9/037074
the central limt theoremso that they appear as a
single Gaussian signal, e.g 23%elease 4 channels. In
ot her words, a sufficient anpbunt of non-random
signals will add(p A, 2 gaugsi an s,jbgnal The
interferers may Be nop- Gaussjan Si gﬁ g ur Ces or at
nmost one Gaussi @t |si ﬁal “@nkhomﬂ%t &2t h%26 &t hor k.

[ 0080] After despx3ead| Ag tmedganom epdesils; [ he code

despreader 350,|fhe bl ing signal, separati 8.n processor
344 receives a m*™ing 4'rmtrlx 346%of % ank|6?| The rank
of 6 is derived JE:sased up@n 20anfenie efefdnt s
nul tiplied by a fdctjod of0 3agj neg Zcodgysare known.
[0081] The 6 si gnal s are applied to the b i nd si gnal
separati on processor 344 wherein the mxing matrix
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entries 4, 5 and 6 can be other path wversions of the

known codes, or other cell signals of unknown codes.
Also, one signal may be Gaussian and the other signal
is either CDMA signal groups obeying the central limit
theorem so that they appear as a single Gaussian
signal, e.g., release 4 channels. In other words, a
sufficient amount of non-random sighals 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.

[0080] After despreading the known codes in the code
despreader 350, the blind signal separation processor
344 recelves & mixing matrix 346 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.
[0081] The 6 signals are applied to the blind signal
separation processor 344 wherein the mixing matrix 346
having a rank of 6 is formed. The blind signal
separation processor 344 determines the separation
matrix W from only the received signals modified by the
channels: x = As, where A is the mixing matrix. In the
illustrated example, 6 signals are separable.

{00821 The blind signal separation processor 344
selects the signals to be decoded. For example, the

interferer signals may be dropped and all versions of



separation processor 344 determ nes the separation
mat ri x VVfron1onIy the received signals nodified by
t he channel s: x As, where Ais the mxing matri x.
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interferer signals may be dr @aped and all versions of
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[0084] Referring now to FIG. 6, the other approach
for increasing the rank of the mixing matrixzx A without
increasing the number N of antenna elements is to
separate a recelved 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.
[0085] The receive antenna array 442 comprising N
antennz elements 443 for receiving at least N different
summations of the M source signals. A respective in-
phase and gquadrature module 450 is downstream to each
antenna element 443 for separating each one of the N
different summations of the M source signals received
thereby into an in-phase and quadrature component set.
[008E&] A receiver assembly 440 is downstream to each
in-phase and guadrature module 450 for receiving the at

least N in-phase and gquadrature component sets for the



antenna el enments 443 for receiving at |east N
different summations of the Msource signhals. A
respective i n-phase and quadrature nodule 450 is

gamto each antenna el ement 443 for '
W‘gac one of the N different summations of t%g?@$§%bﬂﬁwu

source signals received thereby into an in-phase and
guadr at ure conmponent set. [-O@36}-A receiver assenbly
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determine if I and Q meet the linearity requirement.
For instance, it has been shown for GSM that the GMSK
encoding can be assumed linear when used with
appropriate filtering, and processed in the receiver as
if it were BPSK encoding. Since BPSK meets the
requirements for blind signal separation processing,
the I and O process described can be used.

[0089] I and Q components can be used with any of
the above described antenna array embodiments to
populate the mixing matrix A. When I and Q is used,
the mixing matrix A can be populated as if 2 times the
number of antenna elements were used. The antenna
elements could be of any diversity form such as
uncorrelated, correlated or polarized. The N antenna

elements with each element’s signal sum split into I
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havingnd He, Berefticnnel cfleaentachandsk piesbandieibrin dis

for Do descriptions and dravvlns
The?g?ore ﬁ}sc i snpun St 8’88&?h8‘r’°¥h§ a%\g}\gn?%
to IbEXimgnmaertmm t he spe(:| fic enmbodi ments discl osed

and nodi |cat en‘oodl nents are intended
o O o b e R 1 B T e st gen s of

cl at]m@.1nﬁMﬁtZ@>@17MQ383%6i3@W§2@Q§]{QﬁY@7é‘f ore/ skilled in
the art having the benefit of the teachings presented
in the foregoing descriptions and the associated
drawings. Therefore, it is 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.



THAT WVHICH | S CLAIMED | S: 1. A

mul tiple-input multiple-output (MM conmunications
system conprising: a transmtter; a

WO mosessi26ant enna array connected to sai d traprewibioeds37074
and conprising Mantenna elenents for transmtting M
source signals; a receiver; .o _ a receive
antenna array connected to sai'd receiver and

conprising N anten I n I I ving at | east

M different summat Egﬁi %@ﬁéiﬂ%ﬁg’ \s[tlsgnal S, Wth

N being less than M and a signal

separation processor connected to said, receiver for
forming a m xtng MatFbEiEd@prrBihgtihbint eTisgruty (MIMO)
di f £ShRM 1 SATEH 4 0N 1ol thgpMigeupee signals so that
the mxing matrix has a ranl? equal to at least M

sai d signal sepaFzRswii-YStdcessor for separating

desi red source sighalis fheEhhReaFXiNgoRRLEtd to said

2. A M MO conmuni cations systemaccording to daiml
whet egmstl  ite refred erompoiisdegsMgaatenexi stemgnks for

| nterfene: i Ll SEPALALIOn ghot e desired source

si gnal’s Fomthe m Xi ng matrix, with L being greater
than 1; wher & ncesagidrem;xi ng matri x al so increase its
rank by L suns in a.dditi%n

to the Mdifferen .
summat i ons of® tHe" M SoFFEE g gRar &Y s%o?%%?t?%etomsfilﬁg
mat féde Hisr aadddoggualingoNabknteass demdnts -£A8 -

receiving at least M different summations of the M
source signals, with N being less than M; and '

a signal separation processor connected to
said receiver for forming a mixing matrix comprising
the at least M different summations of the M source
signals so that the mixing matrix has a rank egqual to
at least M;

said signal separation processcr for

separating desired source signals from the mixing

matrix.

2. A MIMO communications system according
to Claim 1 wherein L interferer source signals exist
and interfere with separation of the desired source
signals from the mixing matrix, with L being greater
than 1; wherein said mixing matrix also increase its
rank by L sums in addition to the M different
summations of the M source signals so that the mixing

matrix has a rank equal to at least M + L.

3. A MIMO communications system according

to Claim 1 wherein said receive antenna array comprises



correlated antenna elenents for form ng a phased
array. - . 4. A M MO communi cati ons system
according to Caim1 wherein said receive antenna
way 108yoRspri ses correl ated antenna el enent spcgesdodds7074
correl ated antenna el enments conprising at |east one
active antenna elenent and up to N-1 passive antenna
el enents for forming a switchéd beam ant enna.
5. A M MO conmmuni cati ons system according to Caiml
wheNetareatat sl mmtdroe ¢flameats foar Eerningma hased
Iing%%a 6. AM NO coumnuni cati ons system
accor |%g to Caim1l wherein said receive antenna
array conprises correlated antenna el enents, and
wherein at |east t said N.correl ate ng e -
el enent s havéfdif#% O 65W%‘F%§€%6%%§ S§%€%ﬁ‘égg%rd%ﬁg
A My rTehmuniviadt<ins ssyist ercadeer dhbgnt® Ltmymdomprises

wherein the different polarizations.are orth nal] to
oneNaRBEFRfated antennd elgmeRtey VRO TR IO
SYSLEPLALS Od hah D nirDsinghakel Basai she ecaimee antenna

antenna array generates initial antenna patterns_ for

r ecBLoMRRt ANd austtNNnY PessATes ARERND Rl grer TR 9T
SOUEGERShGNR! Sy afithd WdiPLrk@Bmal i ng an el evati on
controll er connected to said receive antenna array

for selectively changing an el evation of at |east one
of the Ninitsal aN4AiRA RALLRLASSOnL Nfstin | RA-ding
one additional different antenna pattern 1s generated
f or toeCkaim np wite tedias teagie summggion of the M source

signals is linear.

6. A MIMO communications system according
to Claim 1 wherein saild receive antenna array comprises
N correlated antenna elements, and wherein at least two
of said N correlated antenna elements have different

polarizations.

7. A MIMO communications system according
to Claim 6 wherein the different polarizations are

orthogonal to one another.

8. A MIMO communications system according
to Claim 1 wherein said receive antenna array generates
N initial antenna patterns for receiving at least N
different summations of the M source signals; and
further comprising an elevation contrcller connected to
said receive antenna array for selectively changing an
elevation of at least one of the N initial antenna
patterns so that at least one additional different

antenna pattern is generated for receiving at least one



addi ti onal summation of the M source signals; and

wherein the mxing matrix further conprises the at

| east one additional different summati on of the M
woMTessssgnal s, the m xing matri x havi ng a reciusgesas’e74

to N plus the nunber of additional different

sunmati ons of the M source §i9§als recei ved using the

addi tional antenna patterns, With a resulting rank at

| east . bej ng .equal ta M 9. AM .
con‘ﬁ‘éﬁ%@a‘f&% ERA A 8o FBP Y ?%“’Efreai‘?ﬁ?fll\%ﬁsé r &%
sai fihe £6EA e RtieNikY HakayxJenetéeSoatiptieast e at
ant enna beans faor receivinggat | east N different

sum@d ForfPordHd ianeduAdéTer §Ra g ki shdha M

bei 98, 8k&adRmalIRAN t2re ﬂﬁ%ifxgrﬁgﬁfiﬁ B 4:8d 0 r@ink equal
controller connected to said receive antenna array

f ortadf exkusy &by rorpierg ofhadaitiest N Hftaia HEEaEions
sai ' I 0 .80 ‘1

ot o T B B e g e oms s pogeiona
souageemiay paité egmns cortdl at sgsektnattagth &l Ihpast being
i nd t.,and if not, then cooperating
mﬁtﬁgggggﬂﬁg%troller for formng different beans for
recei ving new di fferent sunmati ons of the M source
signals to repl ac different sunmmations of the M
sour ce signaﬁs th%tﬁgﬁg ﬁ8?m%%+?%ﬁ%ﬁQﬁisrs em according
st até stigiad 1y whedependentl recéiree intidgiharainday $enerates
that the rank is at |east equal to M, 10.

A NG st PEEERGRs PEFRE AP BCETT R TS G OrLERREL Y

f urd here oM ELEIHAS 13ng0de HRS PV esslefcC INRENS] Wwlth N
-said N antenna el enments_for_decoding at |east N

di fanq ehibedpgngiricahe ot NERe2 M At ricE isgn L1°TPTdgdRy @

one- e e N dbhhereal s4MIR{A ORScdiAd Ulitgis @%@g for
for providing k different sunmations; wherein - 30 -

sai tereldivedy Foragngethedat ol satll Mespismpeopls said
FeCH g 2 a&%@iﬁa&kgﬁ%%%@éﬂé&mt' ons of the M
source signals; an ereln sald signal separation
processor fodetethdniingi hf bae rdifioremt sumpatieonat of

| east di fferent LO , .

o oo <8 oS, SR B PSR A Y M st ety

t o Ividependent, and 1f. nAtM MEmommuni cati ons system

according to Claim1l.furth conprisi.n respecti ve.

e phase and “RRGTALIFE Foa0I 10 od owior GRring

t 0 EahreRtepsamel EoRNkebai shhg B eli\ff caringén BamAk t Ayns

for separating each,one_of the Mdiff ren%ﬁ%unnations
a1

of ¥héhe %5P8€c§i §hars Ly ebei RRL 9%

I N-Rdse 13Rd deadhat Mr 8oGPER ORI 5L tthadN d rehabei N
sai d signal separation processor forns the m xing

MRtAE Ai srngtatipeasel b Hdemenents demkiPoRs* 6ha
t he M\ SQuiseefLanghs, Luhih; eaeh iduphasgaando .
quadrature conponent set providing 2 inputs into the
m xing matrix, wth a resulting rank at |east being
equal 2N, whepre 2N | t L East; ey t .
12. A MM cggﬁungtg?¥§n§$sysfbn1agggr P%Eeﬁoa 8?%%%9
whéreitladai d Sighhkrsepapats g pr aoelss oesporprieses a
bl i nd_si gnal _sepat atj.on_processor nd r s_t he
de SEPET 850 8 Shgaals PP e aHoty Tokt Fegohlug et
on 1afastedstioperahtpsinans pbdns anparentd apalysi signals,

(PCA), independent. c nent, anal ysi.s (I CA) nd
si Rgic Qaﬁu@%d*eéﬁn’ﬂoggff%ﬁe?‘é\ﬁby‘}“yasﬁm Tacludlsg X p
M Mase@mrypi §2b1088n§Y Rt @1F Bseaiis@mia® 16hai; Myderein

wherei n said signal separation processor separates
the desired source signals fromthe m xing



- 31 - matrix based on a know edge based processing
signal extraction process. 14. A M MO
comuni cations system according to Caim 13 wherein
whmokesssdeedge based signal separati on procesBCT/US2006/037074
separates the desired source signals fromthe m xing
matri x based on at | east one %fo a zero forcing (ZF)
process, and a mni mum nmean squared estimation ( MVBE)
process. . , 15. A co i cations system
D CBRANGPB P B i SRS 08 GoSPgHar P ERTE Bt
progessotisg P al&ssi hev daY fer@nioytRa 8i gidl &f fitamm
the m xing matrjx based on a conbination of a

knoWPRAEGE BhEedlsi @nd Whanaad iSehpFogR3Y SERPER B d

Si gpabc88RAF atd Bl ML ESiScing matrix compisihdeitndt
for operating a nmultiple-input rrultltgl e-out put (M MO

conkBaptakyt Egeandm oumRtieomsg of the M source signals,
trapspht i pgs.M.somr 65l aRahish0BLans " 8884 te Ak enna

array connected to a transmtter, the“transmt
antenna array conprising Mantenna el enents for

transnitting M so L S
at least Mdiffer %t%&sl,\%jm%raé "ons °3F Ehe V%%eg‘??e%%mg
si ghal €laimth fibdiary deegsitsiag B respagtbve egeipimse and
ant enn

oS3 REL B SO 200t RSB o 200 aponn

M seuegensi phad$id xacdifeeiavgknnandrray for separating

Drogesg N8, O A 0ol el SSRaLaLi O PLPSSPY somsce
signals received thereby into an in-phase and
gquadrature component set; and wherein said signal
separation processor forms the mixing matrix comprising
at least 2N different summations of the M source
signals, with each in-phase and guadrature component
set providing 2 inputs into the mixing matrix, with a
resulting rank at least beihg equal 2N, where 2N is at

least egual to M.

12. A MIMO 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 (3SVD).

13. A MIMO communications system according
to Claim 1 wherein said signal separation processor

separates the desired source signals from the mixing



- 32 - different summati ons of the M source signals,

t he processing conpri sing formng a m xi ng
matri x conprising the at least Mdifferent summations
of the M source signals so that the m xing matri x has
a rank equal to at least M and

separating desired source-silgnals fromthe m xing
matri x. 17. A nmethod according to Claim
16 wherein L interferer source signals exist and
maftekf BE M dih Sepanatddye ohsthepdestseth§osH €81
signals fromthe mxing matrix, with L being greater
SERAACHLIOR (WEHEYSTonprising L additional sums in
addition to the at |east Mdifferent sunmations of
the M source signals so that m xing matrix has a rank
equal to B-. |ZedsiMMcenmunications sysu@n gegmtdiow to

cording to .Cl aiim rein recej.wv

B T Sl
ptocat agspphmsed @rg aljesired source silghals ndtdmwdhe
according to.daim116 wherein the receive antenna
maF{ag TR SES N GOt Pl AFBaCanteriia B SRR " T N2F)
peOEs el atady antanigu s erRBAl SqGaRRd | & Al idreaginame
active antenna elenent and up to N-1 passive antenna
PePerents for formng a swtched beam ant enna.

20. A nmethod according to Caim 16 wherein the
recei ve antenna array conprises N correl ated antenna
el enent s,1%and WHélCeicenaunieast orsos witarheadg¢ording to
Cfgrrrrlei avg eedrealrr]lt esl’él’la elierzll%ﬁ].t %ehgflaetldj) {f e:croenets r separates
poJrarl A Ss 581093519 P 2F K et Hod P

tascosdimng tsoutcal mithaMsereon the nieceig enantientased on
array. generates N initial tenna patterns for .

o G VTG o FNMIPLEE: BRTCS A o O AHe™M

pBOM &£ Slgnaksinand ibuet hebpePHPI Sk Ll evation

controll er connected to the receive antenna array for
sel ectively changing an elevation of at |east one of

the Ninijtg aly Aaleraa (pal bet Az 59, that,iat; Jeastone
additional different antennha pattern I1s generated for
my eTigl M og tautl MO0 neonudi i ¢ ohadbn S ST e cofp rtilsé ny:
sour ce si.gnals; .and erein_ the mxin trjx further
conpriseggﬁﬁgm%F%ﬁgggﬂ 8§%r%%d$¥$%%%iqﬁi g?éﬁF%Shl%
arstemTRt 201t a@f cbheebteduroea st gadsi titdrg raba ng amgto itx
havi ng a rank equal .to N plus the nu

. nber gj

AN &R YdFPREF&AE "Sulinat F o oH THE N S&iir ce
t & 0RRkS ihec sl ¥edrusi Bgghhes addi tional antenna

patterns, with a resulting rank at |east being equa

to M receiving at least M different summations of the
M source signals, with N being less than M, using a receive
antenna array comprising N antenna elements; and

providing the at least M different summations of

the M source signals to a receiver; and

processing by a blind signal separation processor

connected to the receiver the at least M



22. A nethod according to Caim16 wherein the
receive antenna array generates at |east N antenna
beans for receiving at least N different sumations
of the Msource signals, with N and M being greater
than 2; and further conprising a controller connected
to the receive antenna array4 or selectively forning
the at | east N antenna beans; the blind signal
dﬁﬁgaration rocessor rmning if

| so ~det
SHEPFor WS SRt brid ! (¥ RPsSiPbe S ghafs are

peetkekahgdcofpstatdptical ly i ndependent, and if not,
t hen cooperating with the controller for

formng different o Pesdingi Ryt hew evms ek wimg
summat i ong, of, & he, Misqurge signal s.ho.£ephace: the
different summations of the Msource signals that are
not - 34scuragoraigiretled sor téiat tbei naklyg i madependerd a
in the nixigﬁ;én§éf SQ tq%tsEhﬁ ran is at |east
equal to ™ 4 3. met hod according to
Caim16 further corpErsitiggadeedecdespieasdesignals from
connected to the N antenna el enents for decoding the
at | east NUHFEN O ddFati ons of the M source
signals, each one of the N different sunmations
i ncluding k codes for providing k different
sunmmat i on's? - vh&edihwd ke crgdéngefoi Slagnnketdtr teont fe
iﬂ%§¥¥é¥g¥”sg cel 84 n%ﬁggeQESkegﬁﬁ kﬁ%é%f%é?wﬁgth
sunmat 1 ons of the source signals; an erein the
sepdrak isigne tdepdestired poocesssigialrssf tdie thieximiging
rix _caonprising the at |east kN different .
ikt FEne Of DEREOMPESAPEE SgRal b, |\ CIf n FEREIER
addirki @tal easds hei agdequah to bhe at least M R4&fehent
nmet hod according to Claim 16 further conprising a
SYREEAN Y &1 hhphY¥sachngeqaadrat fir ° ndti dicomdedpddix
nApwnstaigamdaleashaantepsa gl engnt in the receive
antenna array for separating each one of the M
different summations of the M source signals received
t hereby iknt oxan.ip-ph uadrat ur
e e
repredoes saitehormsrrhg aprPNgsent ¥ i xocmriprticsi pgtannkeast
ei%Ne %%f%gen%o§ggnatgon aogdtggrgﬂsource signals, with
eac in-pﬁase anﬁgqua%ra?ure coﬁ%bnent set providing
2 inputs into the mxing matrix, with a resulting

rank at |east being equal 2N, where 2N is at |east
equal tolfr A method accopding tipiHEdTaddoMdrngifothe

reCkak® 161 vVARE el PrsePaERLE N4 he dasidied S0WhEBnna
signals fromthe mxing matrix is based on at | east

el@m@ngﬁ,atkﬁomd@@@@eb@%@@ antenna elements comprising at
least one active antenna element and up to N-1 passive

antenna elements for forming a switched beam antenna.

20. A method according to Claim 16 wherein the
receive antenna array comprises N correlated antenna
elements, and wherein at least two of the N correlated

antenna elements have different polarizations.
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extraction process and a blind signal separation

process.

_33_

21. A method according to Claim 16 wherein the
receive antenna array generates N initial antenna patterns
for receiving at least N different summations of the M
source signals; and further comprising an elevation
controller connected to the receive antenna array for
selectively changing an elevation of at least one of the N
initial antenna patterns sc that at least one additional
different antenna pattern is generated for receiving at
least one additional summation of the M source signals; and
wherein the mixing matrix further comprises the at least
one additiocnal different summation of the M source signals,
the mixing matrix having a rank equal tc N plus the number
of additional different summations of the M scurce signals
received using the additional antenna patterns, with a

resulting rank at least being equal to M.

22. A method according toc Claim 16 wherein the
feceive antenna array generates at least N antenna beams
for receiving at least N different summations of the M
source signals, with N and M being greater than 2; and
further comprising a controller connected to the receive
antenna array for selectively forming the at least N
antenna beams; the blind signal separation processor also

determining if the different summations of the M
source signals are correlated or statistically independent,
and if not, then

cocperating with the controller 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 noct



correlated or statistically independent in the mixing

matrix so that the rank is at least egual to M.

23. A method according to Claim 16 further
comprising a cocde despreader connected to the N antenna
elements for decoding the at least N different summations
of the M scurce signals, each cne of the N different
summations including k codes for providing k different
summations; wherein the receiver is connected te the
despreader for receiving at least kN different summations
of the M source signals; and wherein the blind signal
separation processor forms the mixing matrix comprising the
at least kN different summations of the M source signals,

with a resulting rank at least being equal to M.

24. A method according o Claim 16 further
comprising a respective in-phase and quadrature module
connected downstream to each antenna element in the receive
antenna array for separating each cone of the M different
summations of the M source signals received thereby into an
in-phase and guadrature component set; and wherein the
blind signal separation processor forms the mixing matrix
comprising at least 2N different summations of the M source
signals, with each in-phase and guadrature component set
providing 2 inputs into the mixing matrix, with a resulting

rank at least being equal 2N, where 2N is at least equal to

M.

25. A method according to Clzim 16 wherein
separating the desired scurce signals from the mixing

matrix is based on at least cone of a knowledge based
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signal extraction process and a blind signal separation

process.



