UNDULATING TRANSMIT PATTERNS FOR MULTIPLE
SIMULTANEOUS TRANSMITTERS TO SUPPORT SIGNAL
ng;g’(@%TEON AT A RECEIVER Field of the Invention [000],19’4) g% ?ﬁ%%
invention relates to the field of signal processing, and more particu ,
separating desired source signals from a mixture of source signals 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
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Field of the Invention

[OO0L] The present invention relates to the field of
signal processing, and more particularly, to separating
desired source signals from a mixture of source signals

using signal separation technicgues.

Background of the Invention

(o002} 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 exanple is the familiar "cocktail party®
effect when a person at a party is able to separate a
single volice from a combination of all the voices in
the room. Blind source separation is particularly
applicable to cellular and psrsonal wireless
communications devices, where many frequency bands have

become cluttered with numerocus radio freguency



- 2 - emitters, often co-existing in the same spectrum. The problem of
co-channel emitters is expected to only worsen in years to come with the

weexglapment of low power, unlicensed wireless technologieg SHe.857/085134
Bluetooth and other personal area networks. [0004]Three commonly used

blind signal separation techniques are principal component analysis
(PCA), independent component analysis (ICA) and singular value
decomposition (SVD). PCA involves first and second moment statistics of

the source signals, and is used when the signal-to-noise ratios of the
source®digrafare RigheOFRRIRISE 1EWid tisédvHieRINEIvES PEA The

processinghiallowen] by-thirdrand fewth raement stafistics-ef the seuree
signals, 4.2 alteryative, SYD.may Rewsed to separate a source signal
from the mixture of 'source S|gnacis ased upon their elggnva ues.
[0005]REY&EFdIess of ThE Bihddighar sepapativiPisthirfgue tsat ssapplied,
a pluratityaet:5en80ksis usakto feeaivadiffgrent mixtures.ef the source

signais 5gg ihe varigus sianal.sauges. Each.sensor UIpyts. 2 mixtyre, of
the source signals, which is a unique sum of the sourc% S|gna|asﬁ.)?n
generaf S5bh e éh aiife Fi0etfitiehts SrPBRediginat sbaice $Rffels are

unknowandegbadeseivesmbbadtiquesurps Of signalsale usedio pepulate.

a mxing.maifix. fhe apprappinte bling Signal separglion fechniduc s hen
applied to the mixing matrix for separating dasiréd source Sigha 5ot the
mixtur@eFedtir&e sighitid. Jo00B|ABarsexranflé igms tPataitNds used

6,799, L dliscleses §he separatianr of ancindependent sepise signalfrom
a mixture of s rcegscignals.usingf&ki@ le{ur%it){qgg sensors Etecesiv% the

. ar? hl? . ?rw1%§, involyve ?A
mixture of source signals, and a processor takes samples of thé ‘mixtire -

3 - of ssoressighalsovértne hnd Sirss each Savile avwaddta vector

to create Acdate: 36! FAchhSeRSAUINLES amixture of the sOLEGS SIGRAIS,
which isc,v% uni ue sum ofdthte source siLgnaIs. An ICA module performs an
independenrf‘a mp()aor‘ileshet anﬁygl%pgfr the data vectors fo %ﬁ%tréftléogh the
indepentiekit spurde sighutdromothds sitreds intee niikeire ofissarcelues.
signals{ooos Regardless of the blind signal separation

technigue that is applied, a plurality of sensors is
used to receive different mixtures of the sourcs
signals from the various signal socurcss. ERach sensor
outputs a mixture of the scurce signals, which is a
unigue sum of the source signals. In general, both the
channel coefficients and the original source signals
are unknown to the receiver. The unigue sums of
signals are used to populate a mixing matrix. The
appropriate blind signal separation technigue is then
applied to the mixing matrix for separating desired
source signals from the mixture of sourge signals.
FO00S] As an example, U.S. Patent Ne. 6,799,170
discleoses the separation of an indepesndent souzce
signal from a mixture of scurce signals using ICA. A
plurality of senscrs receive the mixture of source

signals, and & processor takes samples ¢of the mixture



[0007]The sensors are spatially separated from one another, and the
processor generates only one data vector for each respective sensor to

ngg&g,ﬁtpﬁﬁgata set. The '170 patent also discloses that the %[BE%{% 088134
sensors N Is equal to or greater than the number of sources M, i.e., N > i{}l

for populating the data set. A problem with such an implementation is that
as the number of sources M increases, then so does the number of
sensors N. Small portable communications devices have little available
volume for a large number of sensors N, and mounting the sensors on the
outside”df tHE6MAdBicationsdevicesds angroblemefor thelusessple as a

[0008] 4.5 PatantdN0..6,931.362 disclgses anothermathad for, separating

signals usingtblind {sjigna,(l}gegaration. The disclosed blind signal

separafion teehRIgUE formits & Hixitg PR ith HyBTY frititfix Pere sum
adaptiveZaliay welghts thaomidimizeAheifieansipiaregeerforsrdueto both

interferencecrmiters anghGaussian Noise; The hvbrid W&@‘@J@@é'ﬁ;iz@o
the signal to interference glus noise ratio. As with the '170 patent, the

sensord Hra 4156 Pty RHHIERd F3w ThesaRbther LARR tRefimber of
sensors8igie keyubt té-oe gréaterthantheowumbes ofsalisces M for

populaiipgdhe mixing Matixs Marepverssach sensor groyides.a single .
input to thet mixing%mﬁ?trié resulting in a larger volume area for a portable
commiHiRifiShs deice ™S4 FEOGSTTHE r&REBF fHe izt Bis
determiites how prame signats santdctaaly hesseparated athe dargerdhe

rank, the more-gignals thacan be.senaraied. A odltipath signalis .. ¢

beneficial in that it can be used to populate the mixing matrix, as long as
the muftfipstR~&ighal & iRdRPENERNT n SERAE RfedSttabid EnarRRBHASRE.
Multipathuoceur sivhén a. single- deta transmpis Sioni eacatiateis obstaeless

that cayser i spiinta quultiple YREsians»eaeh 4ging agliferent pgth to

an intended receiver. [0010]However, the symbols within a muﬁipat

signal FESPBE thhe SHfEE ST thaR ST Biey FO5Ch B ARBAJEHT creRRa:
they ma§ cancehor iNterfarealith miher raecivesmymbals; Afteraativelys

multipaibypaynahieven exist briween.dhe sigpalsouice.andy e jniepded
receiver. As a consequence, the number of linearly independent signal

sums rETBRES b th fteTRIBH ftiF8RTGTEBGRIST thsEtastmiRen e
be encugh torpopulate themaixirg ratsixifor signaliseparaton: BeMMary .

‘ﬁthe'ﬂﬁﬁﬁﬁ“‘ 0.5, 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
sguared errors due to both interference emitters and
Gaussian neise. The hybrid weights maximize the signal
to interference plus noise ratio. As with the ‘170
patent, the sensors are also spatially separated from
one ancther, 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 sinﬁle
input to the mixing matrix resulting in a larger volume

area for a portable communications device.



[0011]in view of the foregoing background, embodiments of the present
invention seek to generate linearly indegendent signal sums so that an
intended receiver can populate a mixing matrix to a rank size sufficient for
signal separation processing. [0012]According to the first aspect of the
present invention there is provided a communications system comprising
at leastt§#Hile wifdless eommiinidations: devicesttransiittingiat-a:sames
time, where:d 2:Egelmobile wireless communisationsdeviee ransmits.
a sourt%e@sigglal%defjcr}f\d zﬁg - bch;:)[ respect{\é%‘%haracteé set comprising a
plurality of symbols. \t 1655t one (%rﬁa"réssym ols i the Fesﬁ%@ﬁ\]fé‘t@ SR
charaltelsetds trambaiiied bt achffefdmtipowenlevebso that the be used
transroiiteshsauece:signalsdrom thenat least hmobilewirglesse multipath
comngﬁr]%i/%ations dg\slices appear vr\!ggfact least L1 to L; linearly independent
rle

powe ol time periods, W e?gij S0 With at Teast onoemEj > 1%@]

term GRAERGBAT a8Tised Hbidini BRGS refera otransait patteriraDritouts ta
with varyingrgainsowhieh coay o0& pray Aetdisplay degrees efisametyy. «o
This i ishe at least one of the symbols in the character set
being%%%ermggat%%jf?l r§§t [:Yéavj\/rgfL fevel soéﬂ%t tﬁ%ﬁ%&ﬁsrﬁit@%’ %sb%lfgg E
signaPappears with LEaRERdép&rdetpower level time periods.
[0014] Aofbosd commuinisations dewcednayseparate:seurcessighals ipatn
prowd%%er%%p%esoﬁ%%s, é’%‘}%&e@%ﬂ > 2. &hﬁ%\] V%%%necylvéreleﬁsesa o the
commuriications devices may provide J of the M source Slan|S mciﬂdlng
up to HEFEEAINERTT iHBEperdsht poier feveitimeperictss T fixagl th
commuriieations-device mayicomyprise An-antenna;anray cCompisagiN nay
antenng,elements for receiving gt least N different summations of the M,
source signals, where N > I. A receiver may be %oupledg?o e antenna
array 1O FEEEIng B7E Y ast N Hitfefert Sumnmiations of heMssies of
signalsi fBALSA signaesepdtation progessor may: becaupleddo they  the
receiver for, fprming &.mbdng Fatrix comprising the at leastN different
summations of the M source signals. The mixing matrix may have a ran[?
equal T8 Bt reatér tharFIE13 = *ToJ¥N. fihe' SignallééparationBrocesgsa |
separatesdesirednsource signals from the mixing matrix. - 6 -

Swmmary of the Invention

[0011] In wview of the foregoing backaround,
empodiments of the present invention seek 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] According to the first aspect of the present
invention there is provided a communications system
comprising at least J mobile wireless communications
devices transmitting at a same time, where J > 2. Each
mobile wireless communications device transmits a

source signal defined



[0016]As a result of each mobile wireless communications devices
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 of multiple signal sums received at the fixed

communications device can_be used to populate the mixi ix -
e R o A oL gy of
may SSEEME alightd Stefs-fortfarismitiity HiEselfce Bighats Iesaipctive
mobilenwireless-cemmunicationsrdevies may eompriseranintemmahcloekel
for Selina el oW IMIngQ,CQEsPORg IR e e Algned plots,e ¢
Alternativetly, the fixed communications device ma)ér%ompriée a transmitter
for trarfstfiitting £9YheR sigria SshatMERobiR WitefesSCormfrtiniSativons
devices:gansetitbestown thaing ta casesppndntihdhadime atigaed Siats]
Loo1gtin.crealing tbe early indeperylent powet level dmegperiods. they
amplitude of each I'isgymbo in thé tharacter set may be constant, with at

least 8087t khe symBBls B&iRy taRsmitddat différentpowBrigiel, thus
[0019¢Ehe fixedbcammunicatipas idevicemay>bespart of ashase statigni ss ,

that the communications, system s configured as.a celular REMwork. oy
[0020]The communications system may further comprise at least one
‘T’e%st%% ﬁ%fedﬁg

fixed FéCeivErEBLGEAT Riththe bt SnshfitLandn the
whereinzheawiselessicobmmunicatiensdevicecmay fusther Eomprise goower

mobile transmitter.for providing feedbackto the gt least ang fixed ., nea s
transmitter via the at least one fixed receiver on transmission of the at

least BhETsymbot i ife ChaF&tiBr SeEat theWifErert Power 1BGelPThE"ST-

[C0L4] A fixed communications device may separate
source signals provided by M signal sources, where M >
2. The J mobile wireless communications devices may
provide J of the M source signals including up to
(Iy*...*Ls; linearly independent power level time periods.
The fixed communications device may comprise an antenna
array comprising N antenna elements for receiving at
least N different summations of the M scurce signals,
where N > 1. A receiver may be coupled to the antenna
array for receiving the at least N different summations
of the M source signals.

[0015] A  signal separation processor may be
coupled to the receiver fof forming a mixing matrix
comprising the at least N different summations of the
M source signals. The mixing matrix may have a rank
equal to or greater than {Is*...*Ly)*N. The signal
separation processor separates desired source signals

from the mixing matrix.



feedback may comprise adjustment of the power level, and a sequence of
the symbols within character sets being transmitted at the different power

vJS\é%g /&9%%}]The signal separation processor may compriseP%{)m%ﬁiﬁ&%II 34
U8,

separation processor, and separate the desired source signals fromt
mixing matrix based on at least one of principal component analysis
(PCA), independent component analysis (ICA), and single value
decomposition (SVD). Alternatively, the signal separation processor may
separate the desired source signals from the mixing matrix based on a
knowlebigféit§dsed precessingsignaliexrattiowipidecss.{0D223The

antenna:asay st dhe saceiver 1may be.canfigured with:differant antenna
configura}tjons. he antenna S[Iements,may comprise correlated and/or

uncorrélated antenia Biafients \Whetdite &8t eRteht prodidés Wingle
input to tverAsixiFgERatrx MAke bty alyra pottior bf the anteana®lements

may have,differgnt pelarizations,formapulating the mixing alihc. of

[OOZB]EnF ncements may be made to, the antenna configurations so that

additional 6 replatsMeht St difsis-SPtheSoaR Sitats are collected
to furtherpepulates tirenmidergiratinAlraydefie ctiopmeylbe eisegkin

which the.gleyation.aftheantenna,natiems.is,ghanged for receiving
additio gl Sy mations of the source sjgnals. [0024]Path selection may be
perfornrjl)eg W hat alfG: FROSdpriARSoF HTERBUTEE BigiPals uediers

populate the seixingnmatiixghddvelsditablecorrelaton {timndt2d source
momentsy angior sialistically {3 aadAtbnoments) indenendeni yalugs.
In other words, the incident signals are selectively chosen for receiving -
g - mey comprise an internal clock for setting their own
timing to correspond with the time aligned slots,
Alternatively, the fixed communications device may
comprise a transmitter for tramsmitting a synch signal
$0 that the mobile wireless communications devices can
set their own timing to correspond with the time
aligned slots.
fooig] In creating the linearly independent power
level time periods, the amplitude of each symbol in the
character set may be constant, with at least two of the
symbols being transmitted at different power levels.
[o018] The fixed communications device may be part
of a base station so that the communications system is
configured as a cellular network.
(00207 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 &
mobile transmitter for providing feedback to the at
least cone fixed transmitter via the at least one fixed
receiver on transmission of the at least one symbol in

the character set at the different power level. The



new summations of the source signals to replace the summations that are
not correlated and/or statistically independent in a suitable way.

%[Qg @'%QI splitting for further populating the mixing matr%mﬁgﬁw%m%
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 k summation signals
associated therewith. The different summation signals may also be split
into in-phase (1) and guadrature (Q) components to further populate the
mixing AfERaFe handeOrcorhpenenfs: tiusact as acimelltplier-of2{erithe

mixing matrix. {0926lARotheraspectafihe presaatinventionistoa
metho Eoirno %rating a comgmunicatlons_s stem as defined above.
[0026a]Acotdingly . tHera I8 provitid & héfrotorPalsratiny al
commukiéaidns sydteen compisingptramsinitiing-atasamerdige addgastsd

source signalsdramaddeast Jmabilg wirelgss communications, where, J >

2, and gcgrm bile wireless communications device transmitting a source
signal defined By s FésiTe P BN &racteP s&PEoMisising Badlttaityasted on
symbolst ahekattieastoné ofthesymbotssingihearespectivecharagtey;set
being tranaspittest at adiffgrpnt-nowsr leyel so that the ;\@@Sy;,%teﬂa%%%
a

signals from the J mobile wireless communications devices appear wit

least LT 16 T} TA&aRYIRdEFERYent POIEFBTMThE péiisds inRele Lj > 1
and at feastgHe bh> iy cared separating apaxfixesl eamnaybicadignsdedee

source sigaalspravided by Mssiang! saurces. whare N> 2, with the, )
mobilebvgigelgs.srcommu,nicatio_ns devicgs providing J of the M sourc
signals PRRTGIRG VP TS (19 A3iehrfrintrRpeher it poReeslevel time
periodd &fézdeparating corbprismgreceiviay atleast bedifferenky be
summatigns; gf.theaM,seurce sianals, t %&%@Q”@ﬁf&%&? 18aL> Loy g
prowdggg@g&t Ig?ggnlgln%lgerggnt summations of theiM source signals to a
- 8a- y comprise correlated and/or
uncorrelated antenna elements, wherein each element
provides a single input te the mixing matrix.
Alternatively, a portion of the antenna elements nay
have different polarizations for populating the mixing
matrix.,
ER023] Enhancements may be made to the antenna
configurations so that additional or replacement
summations of the source signals are collected to
further populate the mixing matrix. Array deflection
may be used in which the elevation of the antenna
patterns is changed for receiving additional summaticns
0f the scurce signals.
[00247] Path selection may be performed sc 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



receiver coupled to the antenna array, and forming a mixing matrix
comprising the at least N different summations of the M source signals,

the mixing matrix having a rank equal to or greater than (Li*, *L) IN, and
using a signal separation processor for_sépaTrating desired source sigr!als
from theuwmixingrmatroa Brief De&gip&i@@x@féh%ﬂjﬁw}q@! {@0217&35@@3; ISt e
block di - typi erating scenariq in which a communication
deviceg%%{égi\%g %%s)i/rzg%r%’ undeaéglre(ad sigrhogﬁs from their r%%%é.::tiveag? ar
source& it 28Edferahtd WitHeResiesent ventieht {00Z8[G: 2 is a more

detailekbbik diagramyahtheseamnigations @@ﬁ@ﬁﬁh%@&@n&- the
[0029  13iS afpadmap e different roa hes or.creati e

Iinearli!}:nic%ﬁggndgrrllt surrr%ma%g; o%ﬁm gc?ur?fcpgo%%éals for t e@m'l%% AfRE
in accOridice With The'sreSeftirverticP {0630iFicua W adsideRaiagrans -
of the Ahtenmararay configlyed lasa switchedheamantenna, iNthen +hat

aC“”?%@%ﬁM@ﬁﬁpeQ&%ﬁQEHH$nﬁg9gnal may be processed to
provide k summation signals associated therewith. The
different summation signals may also be split into in-
phase (I) and quadrature (Q) components to further
populate the mixing matrix. The I and O components
thus act as a multiplier of 2 for the mixing matrix.
[0026] Another aspect of the present invention is
to a method for operating a communications system as
defined above,.
[0026a] Accordingly, there is provided a method for
operating a communications system comprising:
transmitting at a same time at least J source signals
from at least J mobile wireless communications, where
J > 2, and each mobile wireless communications device
transmitting a source signal defined by a respective
Character set comprising a plurality of symbols, and
at least one of the symbeols in the respective
character set being transmitted at a different power
level so that the transmitted source signals from the
J mobile wireless communications devices appear with
at least I, to Ly linearly independent power level time
periods, where Ly > 1 and at least one Ly > 1; and
separating at a fixed communications device source
signals provided by M signal sources, where M > 2,
with the J mobile wireless communications devices
providing J of the M source signals including up to
(Ii*...*Ly)  linearly independent power level time
periods, the separating comprising receiving at least
N different summations of the M source signals at an
antenna array, where N > 1, providing the at least N

different summations of the M source signals to a



WO 2008/077102PCT/U S2007/088134 [0031]FIG, 5 is a block diagram of
the antenna array configured as a phased array in accordance with the
present invention. [0032]FIG, 6 is a block diagram of the antenna array
configured with polarized antenna elerfiefits in accordance with the
presentinvention.J0033HdG: i%@fﬁiﬁﬁ@ﬂﬁi@n@&@ﬂ'|U§E[E@ég!§>g?ﬁ!°! €4
of tri- jzation in accordance with the present invention, , 81s
a blogiﬁ):IL m%l ammgfr%é: com r%ﬁ%?cra]t%'h%gde\gn{é% with arj? Hhten n% ar?gé);%er ent
compridfigtorralatediard anéorrslater artaralslenidrits forprovidiag r ix
different siimmations\f signals for blind sigaal-sepatation precessing inqy,
accordapes,with ing Rresant inyention, [OSSIEIG. 345 2 igck diagram of |
a communications

desired source signals from the mixing matrix.

Brief Description of the Drawings

(0627 FIG. 1 is a block diagram of & typical
operating scenario in which a communications device
receives desired and undesired signals from their
respective signal sources in accordance with the
present invention.

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

[0G29] FIG. 3 1s a roadmap of the different
approacheg for creating the 1linear independent
summations of the source signals for the mixing matrix
in accordance with the present invention.

[6030] FIG. 4 1is a block diagram of the antenna
array configured as a switched beam antenna 1in

accordance with the present inventicn.



device operating based on array deflection for providing different
summations of signals for blind signal separation processing in

Wﬁ}?g&{g@ﬂg&with the present invention. [0036]FIG. 10 is blo%qé%ﬁggml&%%4

switched beam antenna with an elevation controller for selectiv

changing an elevation of an antenna pattern in accordance with the
present invention. [0037]FIG. 11 is an antenna plot illustrating an antenna
pattern in the azimuth direction and then gptated in the elevation direction
in response to the elevation controller illustrated in FIG. 9. [0038]FIG. 12
is a blodR@idgram of Bh abtenna element withcaniRk choke ferveskis the

ground plags fosatayngdheAntenpaatienin.the;sleyaign liection .,
accordance with the present invention. [0039]FIG. 13 is a bloc d?agram of

a comnitficBESHE Hevicd Bpetfing based on path selection - 10 -

(0032} FIG, & is a block diasgram of the antenna
array configured with polarized antenna slements in
accordance with the present invention.

[5033] FIG. 7 is a 3-dimensional plot illustrating
the use of tri-polarization in accordance with the
present invention.

[00347 FIG. 8 is a block diagram of a communications
device with an antenna array comprising correlated and
unceorrelated antenna elements for providing different
summations of signals for blind signal separation
processing in accordance with the present invention.
[D035] FIG. 9 is a bleck 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.

[O036] FIG. 16 is block diagram of a switched beam
antenna with an elevation contreoller for selectively
changing an elevation of an antenna pattern in
accordance with the present invention.

(G037 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. &.

[0038] FIG. 12 is & 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.

[eo38] FIG. 13 is a block diagram of a

communications device operating based on path selection



for providing different summations of signals for blind signal separation
processing in accordance with the present invention. [0040]FIG. 14 is a

W%ng‘é% ﬂiﬁ%‘?m of a communications device operating basedPQq,%@%@%Q&M

s for providing additional summations of signals for blind signal
separation processing in accordance with the present invention.
[0041]FIG. 15 is a block diagram of a communications device operating
based on in-phase and quadrature signalcomponents for providing
additional summations of signals for blind signal separation processing in
accordantenwith thé preseitmvention 0421516, 46 isignadre detailedlind

block diagram ofan insphaseand-ayadiature medule.connectedifo.an
antenna element as shown in FIG. 15. [0043]FIG. 17 is an illustration of a

receivé‘?xree%%?\ﬁnéIﬁvne&hﬁéf)e[b' transmit patterns in accordance with the
present ifvdiition. [0D44]|RIG .1E8 & andistratiar of a®criver receiving

undulateghiansmait patieras thatargscaledhutnatrotatedinaceardance

with the present invention, . L .
codes for providing additional summations of signals

for klind signal separation processing in accordance
with the present invention.

F00417 FIG. 15 is a block diagram of &
communications device operating based on in-phase and
guadrature signal components for providing additional
summations of signals for blind signal separatien
processing in accordance with the present invention.
{00421 FIG. 1% is a more detailed block diagram of
an in-phase and guadrature module connected to an
antenna element as shown in FIG. 15, 7

[o043] FIG. 17 is .an illustration of a receliver
receiving undulated transmit patterns in accordances
with the present inventicn.

(00443 FIG. 18 is an illustration of a receiver
receiving undulated transmit patterns that are scaled
but not rotated in accordance with the present
invention.

[0045] FIG. 12 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.
[ot4e] 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 peint at an infrastructure

site in accordance with the present invention.



[0045]FIG. 19 is an illustration of a receiver receiving scaled and rotated
undulated transmit patterns, and un-scaled and rotated undulated transmit

W a%gm%iﬁzaccordance with the present invention. [0046]':'(?(:%%53{%9/08313 p
iMlustration 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. WO 2008/077102PCT/US200/4/088134 [0047]FIG. 21 is a plot
of the transmit pattern contours shown in FIG. 20 being undulated in a
timing dégd&nce kndin tG the seeeiven0048RKG 22 isaiblogk diagiam

of a copypupications.system prwhich UQQ%%“%B&H&&%% arg usedito;
support multlple transmitter, transmlttlng to the same access pomt in

accord3RGBSNIH tH8 Praséfit MVentisie10649]FIG. 23 is a time line in
which d&yé8tjol FIG. 22 is a block diagram of a

communications system in which undulating patterns are
used to support multiple transmitters transmitting to
the same sccess point in accordance with the present
inventioen,

fo04g] FIG. 23 is a time line in which a symbol
period has 12 variations (i.e., 12 chips) while the
parameter being varied is held constant for 4
sequential c¢hips in accordance with the present

invention.

Detailed Dascription of the Preferred Embodiments

[0050] The present invention will now be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may,
however, be embodied in many different forms and should
not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided
sc that this disclosure will be thorough and complete,
and wil}l 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.
{0081} 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

cbstacles that cause it to split into multiple



period has 12 variations (i.e., 12 chips) while the parameter being varied
is held constant for 4 sequential chips in accordance with the present

“;'[%\é%%aj@m Detailgd Degcripti.on of the Preferyed Embodir‘nlgﬁ}'EUSﬂHJ 088134
he present invention will now be described more fully hereinatter

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_shguld not be construed as limited
to the embodiments set forth herein. Rather, these embodiments are
provided: seibatthis sisclosutewilk beithpseugh apg-complete, antawild
fully copyey;(he.scope of ihe Invention.to thgse skilled in fhe art Like . -
numbers refer 1o like elements t roughout, andrprim"é notation 1S used to -
indicat@shfiflal eiéi et i SRte fridtivel Enfbtlimerts o541 for

commugirations nelwesks teresare sewsewsignals intendeddar asnecific
commu&é%g%gs gev‘!ﬁ%%_,land there are source signals intended for other
communications devices operating within the same frequency band. When
a sourcd 8igfal encotintersi dbstiete st Catbeoif toeplis toauliilast s
12 - vessions: eagbdaking: adifewpnt patbde an idendedyesgives,
multipath occurs. % ere are ai%o sources gf noise which grgﬁ%%%_e{) Islgnals

sepala g2 Bidna &le CO
that are rf%t used for comt%unlcatlons,lbut areyrecelvggn%y e

commiffigaiéns devices-as weIR{eo52]Fo facilaleteedting &f Bse to the

sourcesigRalshat in an ideal case the signals can be separated
witheout any knowledge about the nature of thes signals
or the transformations that occur due to interacticns
between the signals and the communication channel. In
practical implementations, any knowledge that is
available is often exploited. In this case, the signal
separation is semi~blind.
[0052] Three commonly used technigques that fall
vnder blind signal separation are principal component
analysis (PCA), independent component analysis (ICA),
and singulayr value decomposition (SVD). As long as the
signals are independent in some measurable
characteristic, and 1f their signal sums are linesarly
independent from each cther, one or more of these blind
signal separation technigues may be used to separate
independent or desired scurce signals from a mixture of
the source signals. The measurable characteristic is
often some combination of the f£irst, second, third or
fourth moments of the signals.
[B054] 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.



of interest, blind signal separation is used to separate the signals received
by a communications device. As noted above, the term "blind" refers to

W@g (% qgg% in an ideal case the signals can be separated %MH%@Q%GSSIS A
W

knowledge about the nature of the signals or the transformation

occur due to interactions between the signals and the communication
channel. In practical implementations, any knowledge that is available is
often exploited. In this case, the signal separation is semi-blind.
[0053]Three commonly used techniques that fall under blind signal
separatibt¥rE prindipal-sempaonerit-analysis(®CA), iindepéndeat source

compopept analysis (ICAY), and.gingular yalue.decomposition (IVD) 1As, .

long as the signals are independent in some measurable characterlstlc
and if (ReFSlgRAI Eims are fifdarty d&p&fdent o éash Oifer brfelopnd
more of thesé btindssignabse paratorutechnidges hyay béhssed te: separate

independent or desireg-sQurce,signals; from, amixture efthe SOUIGE 1« <

signals. The measurable characteristic is often some combination of the

flrst séthd TRFEGFTOUR Modnts®st A siHRaRoBSAPEA whltensCA
the signals;arsgEsifirst &ndegecord mpments;and ictates the: tata set

based gn.corrglation properties.|f the signaloznaise ratios of the source

signals are high, the SI nal separation process can stop with PCA. 13
[ooss]mﬁ@%%naﬁ%ﬂh & PAtiOE BTthBis ATE SigidR sl otf then e

separatés fhe sbgece signeds based on statistical attributes involving the

third angdeyrth moments of the é%‘!‘i%é'%a'éﬂ’me@£%%§PU£8§§£%%'&

are Gaussian, their third and fourth moments are dependent on the first

and seRORASHBMS S AABIE S ??85655@o?§é’ﬁ§|%?ﬁf§goﬁ@¥35’ﬁs§5ﬁed
signal As an aitewiaitmeetdlCARND PCAs SVD sépatdies:sourceisignals

from the mixture of souree sjanalgbased upondheir eggsmk%n [QQQLIAS

an alternative to blind signal separation processing, sig nal separation

procesEiiy Ay Be Bas &6 R 6REE e ‘Bé%%ﬁﬁro%%@l n‘ij@ldﬁ%ﬁ" ing

extractiort piccess: ekhevknewledge based signal separatcpracesss)
separalgs the desired soureessignalz-ams the mikngmafix based ol

least one of a zero forcing (ZF) process, and a minimum mean squared
estimafioR (RIS E) Prote8EPId example.

[0056] A typical scenario 1s 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 antenns
beams 24 assoclated with each respective signal =zource
20. The plurality of signal sources 20 include a first
signal source 20(1} through an Mth signal scurce 20{M).
Likewise, the respective source signals are referenced
22{1}-22{M) and the corresponding antenna beams are
referenced 24 {(1y~24{M). More straightforward
implementations are often utilized in communications
networks in the form of omni-directional antenna
patterns or directiconal antenna patterns.

[0057] An antenna array 32 for the communications

device 30 receives & linear combination (mixture) of



[0056]A typical scenario is illustrated in FIG. 1, in which a plurality of
signal sources 20 transmit source signals 22. The source signals 22 are

Wgazlamimgyn a direction based upon generated antenna bgams 24488134
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 antenaa-beams are referenced
24(1)-24(M). More straightforward implementations are often utilized in
commuHications petwotks:irstHifofmrof ohenisdigectiorabanteanapatieins

or directional antepna.pafternsz f0QRZIAN antenna. avay 32 farthes 1y +uo

communications device 30 receives a linear combination (mixture) of "the

source FighRi22 T ths Wana §SUFCRETS. IFRTY Rofrcd eiyrite 22
reach themmtennaCarray 8206y twotdpaidre ipathsdtheycthespbecome

known gs-ultipathsignals. Gauses-of myltipat,include. atmospheric,
ducting, ignospheric reflection and refraction, and reflection and refraction

from tetrestiai oBR L SUcH 48 MidGRtainS AnteBbifdingS 2fo BB ThES
antennaverray 32rcomprises apluraliti df.aptenna elements 34, with each

antennagelement proyidigg.atigast,ong lingar combination(mixture) of the ¢
source S|%nals 22 from the s%nal sources 20. The antenna elements 34

include®s fiF8C AnfehiS Bletnadlir 34(1)thF8Ghh HA-RET nferis Blement
34(N). [oRs9resreceived soburce sigimals 2 2{0p2240) are initiaky foemed:

into a rajxing Mmattix 3¢ ghhe communications deyice; 3Q useskhling signal .
separation techmc&ges to determine a separation matrix 38 for separating

the soutRs 4 Rak iR RixiAg SR THe SeparatSgRAISAE et
represerteth by referehce 8% {B060JFre cormimunaicatidh&device 30 jointly

extractggpgsg] The received source signals 22(1}-22 (M} are
initially formed into a& mixing matrix 36. The
communications device 30 uses blind signal separation
technigues to determine a separation matrix 38 for
separating the source signals in the mixing matrix.
The separated signals are represented by reference 39.
Q0601 The communications device 30 jointly extracts
the mixture ¢f source signals received by the antenna
array 32 by sampling a&n 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 convelved with the impulse response
cf the channel, i.e., the propagation path between the
output of a signal scurce 20 and the output of an
antenna element 34 plus additive Gaussian noise.
00611 The communications device 30 for separating
source signals provided by the M signal scurces 20{1l}-
20¢(My will now be discussed in greater detail with

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



the mixture of source signals received by the antenna array 32 by

sampling an aggregate or composite of the received source signals
wwithoutknowledge of their characteristics. The output of eagh-pRteaNZss 134

element 34 is modeled as a summation of the source signals 22 after

having been convolved with the impulse response of the channel, i.e., the

propagation path between the output of a signal source 20 and the output

of an antenna element 34 plus additive Gaussian noise. [0061]The

communications device 30 for separating source signals provided by the

M signah$etrcess 262D MAWIlInGW 88 dseusseddngreatercdétilavith

referencgato: FIG a2 s AD-antentaaiiay 3hincludes Ny -3 xa0tennday s,
elements 3?%)-34(;@2 for receivin up to at least N different summations of

the M $6uree siBRAIS, Vit RPald 1 Being tBater thanc >FHE HiteAha®Y
array 32isigotnlirhitédntd wty partiouiarestfigurbtion: ahelanteriniccarrayThe
32 may include ane-oy mereaRiennelements 34 The antenaaglements

34 may be configured sq that the antenna array 32 forms a phased_ arra
ot oot ST St A SCHBIE CEORAY be HhotTRoee i Greath oo

below. 006RPX trarsceiver G isegnnedie didownstreang fethe antena

array 32.f0f sgeeiviRgAptorthe-at, least N.different summations of the M
source sj%nals 22. A processor 4%5 downstream to the transceiver 40.
11)

Even tRoGGH 178 proteSsS6P 45 Ts fiftisthted separate form the transceiver

40, the[@idéebsor nhay aiswbe inelndéd withiretieerandcdiversTheam to
differentsummations gtthe, Mssource signals 22yegeived bydhge 1east n
ransceiyer, 40 e used 1o POpulale the mixing matrix 36, The pixing ,
matrix é |s?hen processe (f)y one or more B mé S|gna:i‘lgsepara [elg}

processirrcathied 24 9 6lamd g withirt the bro ety 42. Y9068 TheEven

blind sigha\ sgparation pracassingmedules includa. aP copmagude Adsan
ICA module 46 and an SVDéfnod%Ie 48. These modules 44, 46 and i‘%ﬁ@d
“Thé

4 X 1 b
may be-eSnfigifed 88 it of & biind Sighal 3&pardiicn proCesSor 4y

PCA metule d4-bpetates basedeon thgdirstdiid secongumpatémtssofcthet he

different stmmations,ptthe teceived spuuce pignalsc wheseasthe 16A axre
module 46 operates based or}]the third and fourth g\é)me%%s of the,same
=3 X . =] LA

signalsﬁ%% 8V AGaieag per%%r%%nﬁgrﬁgfgépara ion based o the
eigenvakfesiof the differbansompraticns of the receivedscured Signalsgnal

separation processing modules 44, 46 and 48 within the
processor 42.

[GO63] 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 4B performs signal
separation based on the eigenvalues of the different

summations of the received source signals.



- 16 - [0064]The correlation processing initially performed by the PCA
module 44 determines an initial separation matrix 38(1) for the different

: gg@/@gl%:? of the source signals, and the ICA module 46 t@g@/ S$2007/088154
etermines an enhanced separation matrix 38(2) for separating the source

signals in the mixing matrix 36. If the signals are separated by the SVD
module 48, a separation matrix 38(3) is also determined for separating the
different summations of the received sourge_signals in the mixing matrix
36. [0065]From each respective separation matrix 38(1)- 38(3), the
separatéd 8ignals dfeaepreseritedily referense numbes 89aThe

separagad signals 39,then.upderge signal analysis by; asional analysis,
module 50 to %etermine vv,hicg Si nalg are of interest and which signals

are intérierere -AR afpifcatibn gé%%n 8ht pPScesing Tidue gpations of
proceses thewigealsiompls fromdhé isigialamalysisemod ute £0.

[0066] Hae dacisien omwhish signals are ofinterest may,napabvays, .

involve the final,sigﬂngl to be decoded. Far instance, the application ma
t

call for IGBAGR MY tntePfer8RYang stbiffctihg theth FroththBdiferarie 36

summatibrishef therredeived sotrpe sigralshandithepvieeding: the édueed

signal ta.a wwaveformydecaderdn4his;casa Jhesignals hinterest are the
ones that ultimately end up, being rejected. [0067]The information fed to

the PCA°RISHte % 5 (hiddé SERT of SIS 3G 5it 7 aSBGmerFiat N
linear mpdures x1gnad of M dependent campionedds are observed: - 17

B FO0E5] From each respective separation matrix 38{1)-
3B(3}), the separated signals are represented by
reference number 32%. The separated signals 38 then
underge signal analysis by a signal analysis module 5O
to determine which signals are of interest and which
signals are interferers. An application dependent
processing module 52 processes the signals ocutput from
the signal analysis module 50.

FO066] The decision on which signals are of interest
may not always involve the final signal t¢ be decoded.
For instance, the application may call for identifving
interferers and subtracting them from the different
summations of the received socurce signals, and then
feeding the reduced signal to a waveform decoder. In
this case, the signals of interest are the ones that
ultimately end up being rejected.

iG0e7]} The information fed to the PCA module 44 is a
unigue sum of signals xj5. It is assumed that N linear
mixtures Xi,...,%s ©f M independent components are

obsexrved:



4)=al11.5104--alsl),"awsm(1) xjO=aps,(01---aj,4)+.-aws,0 xv0=as,(1).-a
5k(1) a s " (1) [0068]In general, both the channel coefficients and the

W%r%i&%ﬁi%als s are unknown to the transceiver 40. In matrp&m%jg%gﬁ% .

above set of equations may be compactly written as x = As, where A Is the
mixing matrix. The statistical model x - As is also known as the ICA model.
Traditional techniques try to find the inverse of the channel: s = [0069]The
ICA module 46 determines a separation mattix 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 sepaxdb)@g dhe {V()@re»ggqérﬁfoam wdild be y = W(As)
+ Wn = Wx + Wn, where the additional n term is the residual noise due to

the unidentifiable sources Q?OH_[@A m % | is a gengrative model,
which means that it descfi@gs %bl the oﬁ’éjé“rci(/ % dgt’ﬁ%%%nerated by a

process of mixing the components st. The indegendent components are

latent variables, meaning.tike they Einnot,be @irectly,ghsérved. 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.

[OO?l]ngﬁrting QQJ“&QI:&QM? tggﬁsﬁ{.@p@ﬂ@nnel coefficients a,

and the original signals s, are unknown to the

transceiver 40. In matrix notation the above set of
eguations may be compactly written as x = As, where A
is the mixing matrix. The statistical model % = As is
also known as the ICA model. Traditional technigques
try to find the inverse of the channel: s = A7 x.

[0068] The ICA medule 446 determines a separatiocon
matrix W, and y = W{As) = Wx. The vector vy is a subset
of 3 in unknown order with scaling changes. If all the
signals are not separable, the more general form would
be ¥ = W(As}) + Wn = Wx + Wn, where the additiocnal n
term is the residual noise due to the unidentifiable
socurces.

(00701 The ICA model 1s a generative model, which
means that it describes how the observed data is
generated by & 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. BAll that
is observed is the random vector %, and A and s are to

be estimated based upon x.

L00711 The starting point of ICA is the assumption
that the components s, are statistically independent.

Moreover, it is assumed that the independent components



that the components s are statistically independent. Moreover, it is
assumed that the independent components - 18 - s A at most have one

'9@@@(9 gsian distribution. The one signal with a Gaussia &%@% O8s134
Ilmltatlon Is due to the fact that the third moment of a Gau55|an signal is O,

and the forth moment is indistinguishable amongst Gaussian signals.
[0072]For simplicity, the unknown mixing matrix A is assumed to be
square. Thus, the number of independentgcemponents is equal to the
number of observed mixtures. However, this assumption can be relaxed at
times. As lengras the:signalasi ate istatisticallyindepepdentin seme the
measurable charagterlstlc the separation matrix W can be determined,
signa a Gaussian distribution limitation is
due to thes fact that the third moment of & Gaussian
signal is 0, and the forth moment is indistinguishable
amongst Gaussian signals.
[ea72] For simplicity, the unknown mizing matrix 2
is assumed to be souare. Thus, the number of
independent components is equal to the number of

observed mixtures. However, this assumption can be
relaxed at times. As long as the signals s, are

statistically independent in some wmsasurable
characteristic, the separation matrix W can bs
determined,

[0a73] The rank of the mixing matrix A determines
how many signals can actually be separated. For
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 ¥. The larger the rank, the
mere signals that can be separated. As the number of
sources M increases, then so does the reguired number
of antenna slements 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 cther than blind signal
separvation is to be used to separate the signals.
(08741 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



[0073]The rank of the mixing matrix A determines how many signals can
actually be separated. For example, a mixing matrix having a rank of 4

wheaRR that 4 source signals can be separated. Ideally, the gk abtheqess 34
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 eq@artoigesHten thae eaubiber Bhsighat soaress Md.e., N> M.,

otherwisg-adeshnigue eihesthan blind sighal sepaation, isip heusad; i,

separate the signals. [0074]An industry standard for creating the linearly
indepe%%%n%%u%ﬁlg g?éign%se ig'to" ﬁ%g%au%ac%?ﬁgeigﬁeﬁ §&fis F“S??.%ﬁieth%
sensorgire sgacadaeicast enverelsitgth apan flom orfeanotiterh Thensor

Wavelegs@&bia@@zgdsu@%néh%ﬁ@@@faﬁagerwx@mﬁ?q@g@g A
commupnications device 30, The N sensors are uncorrelated in space, but
TN olarindirs ShEngTa TN ChcoTFoltee ERaers

correlated it polarization anapln%xngé‘. &N Unc
provide: Nesaarheflirfear\Erddperd ditesig hnks whgrésgactisensor

provides:ansingleneniy into-the-mixingsnairix A. F00731A.readmap Qe trix
outline of tihf differ,.e;cnt %%pr%ggh s for cregtig@%he Iingar independent

cwilloinitia igcusse ¢! ¢ 3.
summatichs 6f the- Sotrce’ sighald Tor e mixing mARHe AR Finital e =

discus®&d svitte réferedcd 16 FoGy 3L Kifter & brief frrodactioniddchpe
approaghswilkhe discHssedin.greater detaik bglpw. [0076)The first section

of ther address
EE%UQ?D The %irst saection of the roadmap addresses

enhancements that can be made on the transmitter side
of the communications link for generating linearly
independent signal sums so that an intended receiver
can populate its mixzing matrixz to a rank size
sufficient for signal separation processing. Block 30
represents mobile communications devices, and Blocck 82
represents transmitters at an infrastructure site.
Both ¢f these blocks feed into the RF channels {(Block
24y, which in turn provide the RF signals to the next
section of the roadmap, i.e., antenna receiver
configurations.

I In the second section of the roadmap, Block
100 represents uncorrelated sensors, whereln 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 alsc represents an
antenna array, wherein a portion of the antenna
glements is correlated and the antenna elements have
different polarizations for populating the mixing

matrix A. Different combinations of the sensors and



enhancements that can be made on the transmitter side of the
communications link for generating linearly independent signal sums so

W@%&(}%ﬁl"’.% ded receiver can populate its mixing matrix to %@5@%@/@8@13 4
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;t¢p the next section of the
roadmap, i.e., antenna receiver configurations. [00771In the second
sectioreof the:poadmayps Biock 4 90arepresentsclincifélatédsensdrifé may

whereig.each.sensar provides a single inpyltofbe mixing atrix.A. Blogk
102 represents a correlated antenna array, wherein the array provides

multipl83hpats 16 pBpafate HE mixing matrix A. Block 104 also represents
an antdfid &rray, Whereih argotimrtobthe anténnas eleimeptsigicerrekated

and the anteraaslements fayve different pelatizations for populating the

mixing matrix A. Different combinations of the sensors and - 20 - antenna

arrays BHUFESEEd By BIETKESEH ULGE GhiPTo4 nfay bB CERBRTST f Bid&k
106 to farthes popbiatedtie imibang natrix:keB ooknkts. [O0@84thethird £

section gf the, roadmap addresses enfjancengnis,to-the antenna receiyer

configurations provided in the second section. The enhancements are

made <0 thatEddRMAF o FePlacefé&itsdiifhdtiois SPthe?&aarce signals
are coliectéddoifunther poputitectine mixingthatrioA. Bleck108nnwolves

array deflectiopdn which.the.gleyation ofdhe aptenpa,natierns is,ehanded, s
for recmwgg{gddltlonal summations of the source signals. Anyone of the

combirfitionEirt BISkE166 Fidy Be udsd R hé hridiFdEnaEsH BlGRE 103,
[0079]BmiBlockiBEO mpathbselestidnis perforaed godhat altofdheBlock
summatigns of the source signals used to populate the mixing matrix A
are correlated (151 and 2nd moments) and/or statistically (3rd and 4th

momertt®y ifdependBnf il Othér-Yoris Hhes it ignalire SEmetivaR

chosertfartreceiving new ssummatidnssofdfietsrureewsigralsitpnrelpiace ¢he

summations, at.are nelcyrelated and/or statistically independent; Block;
110 may be fed by anyone of the combinations in Block 106 _and 108.

Blocks Z08"SAE 11D nfHE Ted thtetty toitht¥mixing Algrid BISGRTLES?
[0080] Eine dpurthiesectioniof thehradmapsaddriesseéscident 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 anvone of the combinations in Block 108
and 10B. Blocks 108 and 110 may be fed directly to the
mixing matrix Block 116.

(6080l The fourth secticon of the rcadmap addresses
signal splitting for further populating the mixing
matrix in Block 118. For example, Block 1i2 splits the
different summation signals using spresading codes. If
a summation signal has k spreading codes, then that
particular summation signal may be processed to provide
k summaticn signals associated therewith. The spreading

codes may be applied in combinatien with the ocutputs of



signal splitting for further populating the mixing matrix in Block 116. For
example, Block 112 splits the different summation signals using spreading

“@Qﬁgmlrf.,ﬂﬁummation signal has k spreading codes, then t%}‘?@éﬁi&}%@&saz
: I

summation signal may be processed to provide k summation signals
associated therewith. The spreading codes may be applied in combination
with the outputs of - 21 - Blocks 106, 108 and 110. Block 114 splits the
different summation signals into in-phase {l).and quadrature (Q)
components to further populate the mixing matrix. The | and Q
compoiéntsithusiact ada medtiplidr of 2lercthelrixing matrix;iand may be

applied.in:qambinationwiths the aytputs of Blogks 106, 108, @zlfp apd 112.
[0081]The final section of the roadmap is the mixing matrix A formed in

Block 138 K& fiftctrat@d i IME F85RHTaT thETRHIAG MABCA Hal e
populateidwith thetdifferent'semation of the soente signals dasetsoa

anyonegf the,abeye descrined blacks: An,adyantage of.the antenna array
configurations in the second section is that compact antenna afrays may

: p
be forni&® toBopliat P THRg Al RS A ABVARtdE Biarks 108,
antennafrray tondigdratiéns in the third and fourth sections is that N

antenngpigments, where N is less than,the-number M of sourge gignals,

can be used to pogul‘ate the mixing matrix with M or more 'summations of
the sodPt& €ignaR" fods 2]t Siek f the Hftehnd onfigifationt theéigsed
in the roaenmaEdar antehra mirayngoniprising N cogretatedaanieanad with

elementg Jor;kqgeiving. atleast N differsat symnogtiops of the MSQWEEy on

signals, with N and M being greater than 1, will be discussed. In one

embodifi&RtInarttRhndbaay 1§ a8ireRed 1RAM antéinaduaniage of
illustratelgeinakke nd [ 00833 The avfitched beans antenna askayobd0section

generaies alpralify,of anteppa pafterps, inclyding dirgcligna) antenna
patterns and an omni-directional antenna pattern. The switched beam

antennBoRAG i 08e5Hh Betve antéhtd 2l1émem142hd bog5ir of the
passive: antemaa eterrents 4 4y Thecactual humber ohactiveaddfourth

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.

[00E82] In view of the antenna configurations
discussed in the roadmap, an antenna array comprising N
correlated antenna elements for receiving at least W
different suwnmations ¢f the M source signals, with N
and M being greater than 1, will be discussed. In one
embodiment, the antenna array is a switched beam
antenna 1490 as illustrated in FIG. 4.

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

antenna elements 144. The actual number of active and



- 22 - passive antenna elements 142, 144 varies depending on the
intended application. Reference is directed to U.S. Patent Application No.

W{)]{Q&%#ﬁsngor a more detailed discussion.on the switched t?’%ai%%ﬂﬁg%@@ls 4

array patent application is assigned to the current assighee of the
present invention, the contents of which are incorporated herein by
reference in its entirety. [0084]Each passive antenna element 144
includes an upper half 144a and a lower:halt 144b. The upper halves 144a
of the passive antenna elements 144 are connected to a ground plane
146 thrpaghireactivedoadsal4dicthie réadctjve. idads: 148 ara«pyatable on

reactangg, whichjs&h q@gé@&@Pacét@@ggewgdyg%e@%gc?ég%s

varactors, transmission lines or switching. By varying the reactive
148, the radidoT PatEPRe tanBe_hiRget, Slice theretare tvdPdsive
antenndslenientsdlidt; foui different lantenha patternscarsbedarmedrray .

[0085]Three ghthe,antenna paltemps £anig igsdJoreceive BlaYe sum
of signals xp. The fourth pattern is a linear combination of the other three,
so it is it tEAbTe 85 At EntRARARE rMikifGmatix AP EdrrEtye fith

three amtéha stemiants heing twiized ~hreekunigueé«sstsned signalssxj are
input tQ the mixing matrix A. An advantage of the switched beam antenna
is that % using 3 elements 142 and 144, a mixing matrix of rank 3 can be

supported Fibbse]IFafGtHG BB dfERT theHBRRG drfdy toRipIHSSs kP
correlatgghactive lanteasa elementtsethatdhé ddennatareay fours Balves

phased ggray,t6Q;.as ilustraedjn FlG, 5-hhe phased array 160, 1 creqg

comprises a plurality of active antenna elements 162, and a plurality oE

weight Corfr S ToMpoReAte 164 Coupied s ro3cthEsaciRaigntetfha The
elementsaThewveightaoned compenents 264 adjustthenamplittyde andtor

phasegﬁykagggﬁxegﬁﬂgggﬁ%%%%%@Eaéé"gggﬁ@%gﬁ%%nby using
varactors, transmission lines or switching. By varying
the reactive loads 148, the radiation patterns can be
changed. Since there are twe passive antenna elements
144, four different antenna patterns can be formed.
fO0BG] Three of the antenna patterns can be used to
recelve a unigue sum of signals x;. The fourth pattern
is a linear combination ¢f the other three, s0 it is
not usable as an entry in the mixing matrix A.
Consequently, with three antenna elements being
utilized, three unique sum of signals x; are input to
the mixing matrix A. An advantage of the switched beam
antenna is that by using 3 elements 142 and 144, a
mixing matrix of rank 3 can be supported,
[0086] In another embodiment, the antenna array
comprises N correlated active antenna elements so that
the antenna array forms a phased array 160, as
illustrated in FIG. 5. The phased array 160 comprises
a plurality of active antenna elements 162, and a

plurality of weight contrcl components 164 coupled to



[0087]A splitter/combiner 166 and a controller 168 are connected to the
weight control components 164. Reference is directed to U.S. Patent No.

w330, for a more detailed discussion on the active array, 160, T IS 088134
patent is assigned to the current assignee of the present invention, the

contents of which are incorporated herein by reference in its entirety.
[0088]The number of active elements 162 supports a mixing matrix A
having the same rank. Even though the agmber of sources M is equal to
the number of active elements N, i.e., M = N, the active array 100 is
compatthsincetthecactie: elementsné62are coreelatadin spase aiid

polarizagaeoaér@@mal;@ogégHg%tr@ggi%@éﬁpﬁ%cmwng%&% a%%de

antenna elements that are spaced more than a wavelength apart. [0089]In
other eMiEGATTEN S TETank DF tREMKIFGTRAFIX TR BEK, where K < N,
so that ##edflind sighat séparatide prbcessori4® separatesoafdbedd 162

source signals-frem the @xmw%ﬁswﬂpﬁogiss&ﬁgsgéﬁtggeé :
detail below, N may also be greater than M. [0090]In both the switched

beam ANETHE £20 Ehd'tHe phaSed Arfay 1652 #5& Hidtancé HotiedhbthEss

respectivecardennnaslements skd; sliddh and 12 is:set.tozalew=a, favarable
back ta-front satia . This.is hecansesthe classical use of these antenna
arrays is to reject unwanted signals (i.e., back approaching) and intensi
wanted SRy (FEY Fomt UpproBEhfii) = feEF L Rowd&t 18F fhe purpose of
buildingmixipg reatitese the gaay i efeaterdifetentisumes of isignals. The

signals; ghiugrest cafLagiyaly.AWays N8 IQWEH ements 162 supports a
mixing matrix A having the same rank. Even though the
number of sources M is egual to the number of active
elements N, i.e., M = N, the active array 100 is
compact since the active elements 162 are correlated in
space and peolarization, as compared to the traditional
approach of using uncorrelated antenna elements that
are spaced more than & wavelength apart.
fO0BS] In other embodiments, the rank of the mixing
matrix may be K, where K < N, so¢ that the blind signal
separation processor 4% separates K of the M source
signals from the mixing matrix., 2As will be discussed
in greater detail below, N may alsc be greater than M.
[00S0] 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 ratic. 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).

[0081] 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



- 24 - than the interferers in this application and still be separated.
Because of this significant difference in purpose, the distances between

walshna glements need not be of a specific separation. [00921h&07/685134
antenna elements could be further or closer together, generate patterns

with classically 'bad' front to back ratios, and still be quite suitable for
mixing matrix usage. If fact, such patterns will often be superior in the
blind signal source separation applicatioyy The reason being that the use
of good front to back ratios requires tracking of the signal directions in
order torkeep ke front pointedsati the: desiredsigralang/os tiie backiatse
Interfetsyss By dsinosprlleite whidhhave differences nyariaua dilecigns
but still significant gains, no such tracking of the signals Is required.
100937 AFP&RtennF BednPifdy hé detiritiPis FAVAG3 38 PRRMEISRA<

from armaxiraus¥ gainspeint therecfiprosxiding for signal rejection in at least

one difaggion of siogal appranch: Siullad.2n antenaa paltern may be

defined as having substantially no 3 dB points down from a maximum gain
point tReRSSFarfP RV noISGRAPTS 66T /T ARy HifdttiotR6F dighat Y
approacind00984Hntmanyaaplicadionssthis devistionifrom speeldicsuitable
distances betyegy slemenis can dreally tauce e izg.ofihe.qveral,
antenna array. In other applications it might actually be desirable to )
increasé #5& distafierétive il eldifiehis- ftafedae tHe Haekimpproment
but gaupsamezdegree vhaddiéional sighaldecartelaiony {R05]Iandther

embodiment, the %Qé%#'l%@ﬁré‘é’ 18Q comprises, N antenna elements for

receiving at least N different summations of the M source signals, as
directions in order to keep the front pointed at the
desired signal and/or the back at interferers. By using
patterns which have differences in various directions,
but still significant gains, no such tracking of the
signals is reguired.
[G083] 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 e
defined as having substantially no 3 dB points down
from a maximum gain point thereof and having no signal
rejection in any direction of signal approach.
[0084] 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 alleviaste the tracking
problem, but gain some degree of additicnal signal
decorrelation.
[G085] In another embodiment, the antenna array 180
comprises N antenna elements for recelving at least N

different summations of the M socurce signals, as



- 25 - illustrated in FIG. 6. At least two of the N antenna elements 182a,

1821 are correlated and have different polarizations for receiving at least
f(}l}]ﬁﬂlél different summations of the M source signals, ‘ﬁ‘ﬁ'}/@s%‘;/&é’mm

bemg greater than I. [0096]The other antenna elements 18, 184b in the

array 180 may be correlated or uncorrelated with respect to antenna

elements 182a, 182b. Even though another pair of polarized antenna

elements 184a, 184b, are illustrated, these elements may instead have

the same polarization. Moreover, these elements may also be

uncorrelated witit-erie andthér. [0097}Ehé ehifferentpoldrizations for-enna

antenn@z@ﬁm@tsihﬁa?aq, 1321 may he erthoganal 1o one.another ..«

another uratjon, the antenna elements 182a, 1821, include a third
elemerﬁ ¢ softﬁgP frigolariz&fi6h ¢ EﬁpﬁBrt&%&f‘ﬁ r&&’é’lvﬁ'ﬁg 8iffrent
summatioh&efthe Mseatcesignafs. {0098] he followingndissussiorh ~

supports,the; use:Qfpqjarzation fgg populating the mixing matrix A. The
three dgg%rg&hy pol,?hlzed ntenna elements 182a, 182h, 182c receive

three linear ahd independe ?%lﬁ‘ﬁ‘&l%%ﬁng}’?ﬁ@xﬁﬁ?mﬁ%ﬁs ahge in the
relatioriships of&leney érd ecaxis astifldstrateh i EI@ 1 Fiwill be tised. For

example, dpedollewing, relationshins-existvez.S cosf)SIN@er though

another pair of polarized antenna elements 184z, 184h

Wf

are illustrated, these elements may instead have the
same polarization. Moreover, these elements may also
be uncorrelated with one another.

[OO87T] The different poclarizations for antenna
elements 18Za, 182b may be orthogonal to one another.
In another configuration, the antenna slements 182a,
182k include a third element 1B2¢ sco that tri-
polarization is supported for receiving 3 different
summations of the M source signals.

(00983 The following discussion supports the use of
polarization for populating the mixing matrix A. The
three differently polarized antenna elements 182a,
182k, 1l82c 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 = 5 cos{f)sin{d)
¥ = Ssin(8)sin{¢)
== S cos(d)

[0089] Simplifying assumptions are that the signals
have linear peoclarization, the signals are linearly

independent, and there are three linear antenna



y= S sin(0)sin(0) z = S cos(0) [0099]Simplifying assumptions are that the
signals have linear polarization, the signals are linearly independent, and
W@%&%rﬁ]@ree linear antenna - 26 - elements each on an M oss 134
axis. For example, antenna element 182a is on the x axis, antenna
element 182b is on the y axis, and antenna element 182c is on the z axis.
[00100]By positioning the three linear antenna elements 182a, 182b, 182c
each on an orthogonal axis, the mathemgagics is simplified. In an actual
deployment, the antenna elements 182a, 182b, 182c need not be strictly
orthogeraieior doethdy needto paebbatacommion. pdint. Fhemeheoval of

this asswption wilkaetinvalidate, the gengral,conclysion, buf father e pe ¢
chang cases unq‘eer which rank deficiency occurs. [00101%The

followirig Gefinitions are apphéd “whatsitAamEt SUE&pts 18fs to° °n

associatiens withi signals 1, 2, 3:
[06G100] By positioning the three linear antenna
elements 1B2a, 182k, 182¢c each on an orthogonal axis,
the mathematics is simplified. In an actual deployment,
the antenna slements 1B2a, 182b, 18Z¢ need not be
strictly orthogonal, nor do they need to meet at a
common point. The removal of this assumption will not
invalidate the general conclusion, but rather change
the cases under which rank deficiency occurs.
(001013 The following definitions are applied,
wherein numeric subscripts refer to associations with

signals 1, 2, 3:

818,85 Signals incident to the antenna elements;
6,.6,.8: The X, Y plane E field angle of the signal;
T T 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.

[003102] Therefore, the vector components are:

% v z
Element ‘x’: i 0 0
Element ‘y’: 8 1 )
Element ‘z‘: 0 0 1
S, Coefficient: cos(f)sin(é,) sin{@, ) sin{¢, ) cos(g, )
S, Coefficient: cos(d,)sin{g,) sin(8, ysin{d, ) cosig, )
§, Coefficient: cos(f,)sin(¢,) sin(8, ysindgh, ) cos(d,)

[00103] Taking the dot product of each antenna
element and signal, (X:¥=xx,+%yy. +25%,) determines the
relative £ field component summed in the element. These

values are used teo creatée the mixing matrix:



S1.52,S3:Signals incident to the antenna elements; 01,02,03:The X, Y
plane E field angle of the signal; #1,02,03The Z axis E field angle of the

woldhale A%, X,,X,: Dot product of the sum of signals incidemfie:ainss134
antenna element. [00102]Therefore, the vector components are: xYz

Element 'x':100 Element 'y:010 Element 'z:001 SI
Coefficient:c0s00sing0sin(01)sin(1)cos() S.
Coefficient:co402)sin(02)Mo(eOsio(02)cas('}

X, cos{8, jsin{g, ) cos{P,)sinlg,} cos(@,)sinlg, 5,
=| sin(6,)sin(¢,} sin(@,)sin(d,) sin(@,)sin(4,) | S
X, cos(,) cos(d, ) cos(g,) || 5: ]

<
i

dot X, =

X,
cos(@, ysing, }sindf, ysindp, Jeosl, )+ cos@, ysingg, ysintd, ysingd, yoosd ) +cos@, ysinl, )sinfd, Jsing, Jeos@,)
~¢osh )singd, bsing, yeos®@, }sing, } —cos@, ysinff, )sinig, yoos®, ysinig, ) —cosid, ) singd, 1singg, yeos(d, ysing, )

=cos@, ysinid, Jsingg, ysinlg, yoosld, ) 4-costd, Jsin(@, yoosi, jsindd, ysingd, } +sinf, jeos, Jsinlg reosid, Jsing,)
—sin@, yoosi@, yoosh ysinlg, ysin@, ) —cos@; ) sind, )sinid, yeosid, Y singg, ) singd, yeos(d; )sing, ysindd, Joosld, )

= cos, sind, )sing, )singd, ) cosg, ) —sinid, Jeosl, Ising, ysint, yoosid, )
+cos®, Isintf, yeos@, ) sindg, ) sind, ) —sin@, Joos@, dcosig, ) sinkh, ysinid,)
+sin@, yoos, ) sing, yeosig, ysinf, } - cos@, Jsin@, )sinl, yoosld, ysinlg, )

= sinf, Jsing, Ycosi, YcosB, ) sin(@, }—sinif, jeostf, )]
+cosi@ Jsing, )sing, Heos@, ysindd, ) —sin(@, yeosi@ )]
+sinfd Yeoslg, Ysinig, Hsind, yeos@,) —cos(@, )sin@,)]

= sin{¢, ) sin{¢, ) cos{¢, }sin(6, - 6,)
+ cos($, ) sin(d, ysin{g; ) sin(6; — 6,)
+ sin{g, Ycos(g, }sin(d, ) sin{@, —6,)

(01041 Rank deficiency situations will now be
discussed. When the determinant is egual to O, the
mixing matrix is rank deficient. This occurs in the

fellowing cases:

10010517 The ‘x° and ‘y’ elements are receiving the

same contribution from all three signals.



s, Coefficient: cos(03)sill(03)sin(93)sin(4'3)cos* ) [00103]Taking the dot
product of each antenna element and signal, (XY=x,x, +y,y,+2,z,)

W% 2%'Lp,%,zthe relative E field component summed in the element., These, ;.
values are used to create the mixing matrix: - 27 - 0s(01)sin(01) Cos(O,
)sin(02 ) cos(01 )sii)(0 sin(03611(0, ) sin(0, )sin(02 ) sin(03) sin(0,
cos(4i)cos(2)cos(0O, )

—a 28 =

2 ) (ﬁi ¢2 (éS

o G Y
o tH aoe
0 g0® 0
80° ¢ 0

8G®  90° 9pe

(001067 Add 180 degrees to any combination of table
entries for another rank deficient lnstance. These are
occurrences when the signals are not being
independently summed by a sufficient combination of

antenna elements.

3) All the individual sums do not squal 0 per

1 or 2, but:

sin(g, }sin(¢, ) cos{s, )sin(8, - 8,)
+cos{¢; ) sin(g, ysin{d, }sin(8, - 8,)
+sin{t, } cos(s, ) sin(g, Y sin(@, —8,) =0

[80107] This implies a smell scolid angle of
separation between the signals, near egual polarization
of the signals, siognals aligned but coming from
opposite sides of the array, or some other very
unlikely happenstance of signal inc¢idence resulting in
the same energy level to both elements.

[B0108] As discussed above, the section cf the
roadmap addresses antenna configurations. The above
described antenne configurations, inciuding
uncorrelated sensors, may be combined in a variety of
different configuratiens for providing the summed

signals of the M source signals to the mixing matrix.



where.. cos(01 )sin(01)sin(02 )sin(, )cos(0,)-1-cos(02 )sin(0, )sin(0,)sinkk
)cos, )+cos(0, )sin031sin(0, )s3n(s61 )cos(,) )sin(0," )sin05,

wiFRRENS1g4s6.)-cosOdsin(0, ) sir*, )cos(0, = cos(0, )sin(0," )sieBzédiuss134
nt(62)cos@, ) + cog, ) si n(0, )cos( )sio((k, )sir(ck )+sin(0,)cos(0,)sin(95,
)cos(0, ) si n(4), ) )cos(0,)cosO, )sin(sysin(th, )-cos(0, )sin(0,)sin(95,

)cos(0, )sin(0,)-sin(01 )cos(02 )sin, )sin(g5i)cos(56, ) = cos(0, )si MO,
)sin((6, )sin(cb,)cosO, )-sin(01 )cos(Q)sing 05 )sin(56, )c05%)
+c0s(80sin(00cos(A)MoOds400-Mn(0,0cim(00cosOOsin(006(1(00 s n(O,
)cos(0, Y54, )coREBHICPCHSO, HSin( D5 )si( O3 )eos(bn it singo,
)sin((Kak608@ kiodcassf, )siHO2a)+ iR (Q0)00S40d: Hn# 160SQo)SIRg) by 1

0, & 03 5 C +
?S(lg(s(o )eif ) )Osﬁ% Céaln((flf’? % sm(c;z:o)ccgscus}n? I2n(%d§,é) nst(g gsmgmt ACO%S%

comprises N antenna elements for receiving at least N
different summations of the M source signals, with N
and ¥ being greater than 1.

(003103 The N antenna elements comprises at least one
antenna element 204 for receiving at least one of the W
different summations of the M source signals, and at
least two correlated antenna elements 206 for receiving
at least two of the N different summations of the M
source signals. The two correlated antenna elements
206 are uncorrelated with the antenna element 204. The
antenna array may include additional antenna elements
in various combinations in which the eslements are
correlated, uncorrelated and polarized.

[00131] A receiver 210 is connected to the antenna
array 202 for receiving the at least N different
summations of the M scurce signals. A blind signal
separation processor 212 is connected te the receiver
for forming & mixing matrix 214 comprising the at least
N different summations of the M source signals. The
mixing matrix has a rank egual up to at least N, and
the blind signal separation processor 212 separates
desired source signals 216 from the mixing matrix A.
fogirz] 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 ©f the source
signals are collected to further populate the mixing
matrix A.

1001131 One enhancement involves array deflection for

receiving additional sums of signals for use by the



+ cos(tbi )sin(02 )sin(03 )sin(0, - 0,) + sin(rp, )cos(#2 )sin(03)sin(0, - 03)
[001041Rank deficiency situations will now be discussed. When the

- qﬁ;@m@ is equal to 0, the mixing matrix is rank deficient, I is.06es: 134
in the ' |

ollowing cases: 1) 0, =0, = 0, [00]-05]The 'x' and 'y' elements are
receiving the same contribution from all three signals. - 28 - 2)
010203 000
wr 3{) -
mixing matrix A without having to add additicnal
antenna elements. Arvay deflection involwves
controlling antenna patterns in the azimuth and/or
elevation direction.
[o01i43 A communicatiens device 240 for separating
source signals provided by M signal sources using array
deflection will now be discussed in reference to FIG.
8. The antenna array 242 comprises N antenna elements
244 for generating N initial antenna patterns for
recelving N different summations of the M source
signaels. The antenna array 242 also comprises an
elevation controller 246 for selectively changing an
elevation of at least one of the W initial antenna
patterns for generating at least one additional antenna
pattern so that at least one additional different
summation of the M source signals is recelived thereby.
[o0115] 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.
[o01i1ls] A blind signal separation processor 250 is
connected to the receiver 248 for forming a mixing
matrix 252 comprising the N different summations of the
M source signals and the at least one additional
different summation of the M source signals. The
mixing matrix has a rank egual 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.



00900 090 0 90 00 900900900 [00106]Add 180 degrees to any
combination of table entries for another rank deficient instance. These are

W%ﬁﬂéf@ﬂ?&s when the signals are not being independently MMEPME}%iM
sufficl

iclent combination of antenna elements. 3) All the individual
sums do not equal 0 per 1 or 2, but: sin(4'1)sin(02)cos(03)sin(92) +
cos(4)1)sin(02)sin(03)sin(0, -82) + sin(0,)cos(0:)sin(03)sin(9, -) 0
[00107]This implies a small solid angle of; -
{00117} In general, any antenna array means which
provides signal sums suitable for increasing the rank
of the mixing matrix can be uvtilized with a deflecticon
mechanism. The deflection will generate two distinct
and mixing matrix usable signal sums for each of the
antenna array means. There is therefore a Z times
multiplier effect by utilization of this technigque.
fO0118] 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 matrixz. For instance, if
the antenna array can provide N summations by itself
and there are K distinct deflection areas, the number
of signal sums in the mixing matrix may be Z2*K*N,.
[00118] For illustration purposes, reference is
directed to FIG. 10 in which the switched beam antenna
1047 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’ c¢f the passive
antenna elements 104’ 1s connected to the ground plane
1067 through a reactive load 3108F, Each lower half
104b¢ of the passive antenna elemenis 104° is also
connected to the ground plane 1067 through a reactive
load 108¢. A rezctance on the passive antenna elements
164’ 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 1047 .
{00120} An antenna beam is tilted up and down in
elevation in accordance with the ratiocs of the reactive
loads 1087 of the upper halves 104a’ and the reactive
loads 11Bf of the lower halves 104k‘. By adjusting the

ratio, the antenna pattern can point up 37 or down 8%,



separation between the signals, near equal polarization of the signals,
signals aligned but coming from opposite sides of the array, or some other

w}’ﬁé{)gm%ﬁﬁy happenstance of signal incidence resulting in the,Satg,7/088134
energy level to both elements. [0010B]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 forzproviding the summed signals of
the M source signals to the mixing matrix. - 29 - [00109]Referring now to
FIG. 8,2& cobAmriniedtichs devite-200 for 8&paratiiy sourcedsighadsal

provided By Mssignakgoutceswillhe discussed: .The antenna agayé92on
comprises.N antenna elg%ents for receiving at least N different

summﬁﬁlgﬁg of thé' W1 S6urce’ %ig‘?%&e\}“ﬂvﬁh dan%jf@lﬁk%g%gﬁé)reﬁgﬁﬁ?fn q.
[00110ftHedN aitenia elémimts thengisey at ibist oneoantemriz efsroepi s

204 forsacaiving.atleast ong,ofthe Mdiffsresummations:.ebihe Miving
source signals, and at Li?ast two correlated antenn% element%206 for

receiving atlSh&Ffivo of thd Rdfferdht 2URTRATIoRS BF & M Source
signals! e o coltelaterk anternna elemphesn206 dréaindorselated withnct

the antgpnaeelerent.2Q4Theanteapaaray say include additienal
antenna elements in \é%nouzr ombinations in which the elements a e
e

correlatéd URESHEIAtEd and poldrizet [B0T TIfA FedsiVer 2808ty ©F

connected torthevarntenhaladay20P=for receivinng the 2t deasiodifferent

summatignsof the M sauicesignals. A klind signalseparationpracessor
212 is connected to the r,ecei\éer fongggming a mixing matrix 214
compri&inty e B et N ifférent stimihations of the M source signals.

The mikffg-Bfdtrix Hesf arankedualdparatiedst NEenditee dlindisignare

separagion Precesser 2d215enarates desired saircessignals: 216 dromthses

n“mngéggnggAEdjust antenna beams in elevation in greater
detail. The array deflection technigue may ba applied
to any of the asbove discussed antenna array
embodiments, or any other antenna array which is
sensitive to ground plane interactions.
[001233 Another embodiment of the elevation
controller is based upon a controllable RFE 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.
[001241 A communications device 300 for separating
source signals provided by M signal sources based on
path selection will be discussed in reference to FIG.
i3. This i1s another enhancement to the antenna
configurations provided in the second sesction of the
roadmap, as well as an enhancement to the array

deflection discussed above. The communications device



[00112]The third section of the roadmap addresses enhancements to the
antenna configurations provided in the second section. The

nts are made so that additional or replacement ALORS 134
the source signals are collected to further populate the mixing matrix A.
[00113]One enhancement involves array deflection for receiving additional
sums of signals for use by the - 30 - mixing matrix A without having to
add additional antenna elements. Array geflection involves controlling
antenna patterns in the azimuth and/or elevation direction. [00114]A
commumications:de\dee 24 tof separatingscivee signalssireyided by M
signal sources using,auay deflection will now.he gisgussed.inJefgrence to

FIG. 9. The antenna array 242 comprises N antenna elements 244 for
generatfftFArikital Ente AR d DatterhsoF Fate T REdiffefe At siimtions
of the Whseutcessignals., The aintenaadray2424lse cotrprisesan? .

elevatiog contiolier, 244 for ssleclivalychangipg.an eleyation ot atleast,,

one of the N Initial antenna patterns for generating at least one additional
antenra“pattefi? Sohae &t foust b afdrbndl Yifférekt st Matioraf the
M soursessignals.isreeceived thereky: EOES | Asreceiverc248 is-eonnected

K)ﬂmeggggggg array 302 for receiving the at least N

Wg)f

different summations of the M scurce signals. A blind
signal separation processor 310 1s connected to the
receiver assembly 308 for forming 2 mixing matrix 312
comprising up to the at least N different summations of
the M source signals.

FQ0126] The biind signal separation processor 310
also determines if the different summations of the M
source signals are 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
indepandent in the mixing matrix 312. The desired
source signals 314 are then separated from the mixing
matrix 312.

(001271 A rake receiver is a radic receiver designed
to counter the effects of multipath fading. It does
this by using several independent receivers gach
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



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

W%rb%(%g}q%gpal different summation of the M source signals lﬂg@@}gg&%gglﬁ

least one additional antenna pattern. [00116]A blind signal separation
processor 250 is connected to the receiver 248 for forming a mixing matrix
252 comprising the N different summations of the M source signals and
the at least one additional different summation of the M source signals.
The mixing matrix has a rank equal to N plus the number of additional
differenst summatians ohihe M sotide signrals yegeiveshysing thea-additional

antennapaliems, The %%C%i%ﬁ{az 3 separates.desited signals god;from

the mixing matrix. - 31 - [0011/]In general, any antenna array means

which pRAAdES &gﬁﬁlﬁﬁﬁé‘ﬁﬁﬁéb@ﬁ\lﬁﬁ:réﬁ‘s’lnﬁ thieteitkéo idfig
matrix ¢aade stitizedavith axgefiectigrpmaechanisenl I hexdetie atiar: will

generaie fyo.distingt.and mixing &%@%Qﬁ%@%ﬂggﬁk%%méﬁ of each;af the.

antenna array means. There IS therefore a 2 times multiplier “effect b by
utilizathtof tHiSTediiGueY FOETE) PR AR a§ dete ADRTR3EyMERAted
into K distinet aseas agssaeiated itz an anennaseachrafitheré areas a6

provide. for 2 lgggp%n?%&g%ﬁe%%“ 9&%@%@@&@”'&%’9&%&% NG oz e

matrix. For instance, if the antenna array can provide N summations by
itself aR8RBEArE I@Sféti%%‘?}aeﬂ’é%n@ﬁ dreast i AtpfsE o PSTgHaK S6Hs
in the mﬂimgqnatrbenmebeﬁi@mb [@@3:&91}%31 iHystraton Hposess

referer!icigtg (AI recte Qntl% o}; t%]thg nggtcheqﬁbeﬁﬂantenna 100’

shown in FIG. 4 has been mo f| that the antenna patterns may be
tilted upVBFdGRAIR SBvaiisA. Wﬁaﬁlcﬁﬂap%hcfﬁﬁﬁﬁéﬁhaﬁ TOREBF TRE
passive BEnteanaceiemends 104’ is:eonnested tetha geaundplrm106'

through & feactiveloag; 108, Each Jower;half 1940 8&&1%%1 §'é’§;,§£“§ﬂ£‘a

elements 104"1s also connected to the ground plane 106’ throug
reactiveIBRAEGR. ARebtaice %ﬁ%ﬁe@aé@@é%ﬁéﬁnﬁ‘@léﬁ@ﬁ@ 104' has
the effecinafdeagtienringureshartepiagithe passive aniesnaraleman. of

Inductiyg ogds lsnathen. and capacitve loadsishaenabe sleqrical lsngip

of the passive antenna eléments 1
equal up to kM.
[a0128] In particular, when CDMA waveforms propagate
they often encounter multiple paths Irom the source to
the destination. A rake receiver 316 is specifically
designed te¢ 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 unigue
characteristics of the path. In some circumstances,
the modification to the correlation and/or statistical
properties of the received signal will be large enough
so that they can be treated as separable signal
streams. A modified rake receiver 316 could be used to
axtract esach modified stream and feed it as a unigue
entry into the mixing matrix 312. Whils this means of

increasing the rank will not always be available, it



[00120]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

wisagiveJaads 119' of the lower halves 104b'. By adjusting the#21i9y¢h8ss 134
antenna pattern can point up 97 or down 99, - 32 - as illustrated in FIG.

11. At least one additional rank is added to the mixing matrix A when an
elevation angle of an antenna pattern is adjusted to receive a mixed
signal. Using the array deflection, more signals can be received for the
mixing matrix A without having to increase the number of antenna
elementsiN. [B0L2 1% his:particllabimplementatiomhas 2zdistinct

deflectign,areag.ndividyally contralled.by the reactances. 118" The pattern
generatlon capabllltéaof the arra%els 3 independent patterns, therefore the

numbef Bt &idral siiis thaf caR e ﬁ%%%%’fe%&tﬁ@%&fﬁ@l%ﬁr&}?12
(2*2*3)i {60¢22]Referehee i$idirecter tathe abbvemefersriceatrS iPatent

Applicatipn No. 114065757, which diseloses hw foadjystantenna beams

in elevation in greater detail. The array deflection technique may be

applied {5 SRy IIhe aB6/E BRttRsEd gﬁt%nn$3arra§l?a}ﬁb8&|ﬁ§ﬁt§ of dhy
other aritenmalarrayewdicte 1s Séfistivecte groemdiplancninteractiens. for

[00123&%99%%{ %Eﬁgimé%%ﬁé%&%v%ome 11 as desired signal
rejection. The difference however is that the rejected
signal may actually be another wversion of the signal
intended for the receiver. However, the receiver
assembly 308 needs to detect a2 number of these unigue
propagation path versions of the same signal in order
te build the mixing matrix 312 te a sufficlent rank.
f061313 The fourth section of the roadmap addresses
signal splitting 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
guadrature{Q) modules.

[060132] Signal splitting using spreading codes will
now be discussed in reference to FIG. 14. The
illustrated communications device 408 comprises an
antenna array 402 comprising N antenna elements 404 for
receiving at least N different summations cf the M
source signals. A code despreader 406 is connected to
the N antenna elements 484 for decoding the at least N
different summations of the M source signals. Each one
of the N different summations includes k codes Zor
providing k different summations of the M source
signals asscciated therewith.

[00133) A receiver assembly 408 is connected to the

code despreader 4086 for receiving at least kN different



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.

Wg%o%]ﬁ a pattern associated with the antenna element 274 igmaveddn

elevation by controlling the RF choke 270, as readily appreciated by those
skilled in the art. [00124]A communications device 300 for separating
source signals provided by M signal sources based on path selection will
be discussed in reference to FIG. 13.-This is another enhancement to the
antenna configurations provided in the second section of the roadmap, as
well asamertiancernént te the apraycdefiéstion: discussedliaiovd 9The

commuyBisationsHe e = 335304 somprisemananieppadisay S0 ve r
comprising N elements_304 for farming at.least N antenn ams for. .
oo AT ROAirisont S EBnE ot T8 Nhapi e Mot oA
and Mideinggréatertthidh 2. {00008)A commslier806 B cohreltetitortifre

antenng graysfor selectively forming-the atleast N antenna beams. to
receiver assemblé§08 IS cpnnel(:ted to the antenna array. SO%jJ‘é)r receiving
r I

A q | TeCE
the at [Bast N ffrrérent SubmifationeBtthe M Sodrce Signals. Ablind signal

separatiare processbr SIS conrectetlitonthbsrebbly efrpssdmbly368 Hor
forming.a mixingzmatrix 312 comprising up to the at least N different
summation the M source signals, [00126)The blind signal separatio
procesSor3Ty also GERHHIASS | h%hgf%?éggsaﬁ%?ﬁlat%ns%?thre source
signals age tbsrelatee abstatistiealy ivdaheridem] apdlit hot therey be
cooperaling with the.contraller 306 farforming different heams fehx a

receiving new different summaﬂgns owe Mﬁso%rce séignals t%re“[)lage the
differeMt SHMMTatiEfs oF tHE T SBErE&ERyTalt tRat 78 R8P Bofrefated or
statistiCay iridegEnd siih 208 ity WA&HK 312, Fhentesheddogiresad

signals, 3l4aredhen.senaraied fom dhedaixing mafkix 3120042744 rake

receiver is a radio receiver desi%ed . .
codes are used. A common thread is that a unique code

is processed with each signal to spread the data over a
larger freguency band.

[O01357 The same spreading code is processed with the
received signal sum (desired signal, undesired signals
and unknown noise scurces}. This causes the desired
signal to be reconstructed back teo its original
frequency bandwidth, while the interferers are spread
over the wide freguency band.

[00136] The above listed CDMA implementations
actually have many signal streams simultaneously using
the same fregquency band. Each éignal stream uses a
code that is ideally orthogonal to all the others. I
this condition is met at the decoder, it means that
only the signal of interest will be despread. If the
code cf the Kth signal of the sum is used for
dispreacding, the resultant received signal sum x; will
be mostly made up of an increased amplitude 5, term and

either unchanged or lower valued k-1 terms.



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

windiyidual multipath components. It can be used by most types Qfdaditiss 4
access networks. It has been found to be especially beneficial for

spreading code types of modulation. Its ability to select specific incident -
39 - signal paths make it suitable as a means to change the paths fed to
the blind signal separation processing- [60128]Selectively forming the N
antenna beams as discussed above may be applied to all radio access

network8% a8 rbadiljiimerersoornby thesaskiletilthelan. For GBMALe
systemsathedespives assembly 308 comprises Niktake e Ceiverseatonat
Bach rake receiver 310 omprises k fingers for,selecting k differgnt
multipatﬁ componen?s fGt"6ach one of the ﬁ different summations 6f the’ M

sourcesdighalsirsceived by thelespusayeianenfalslerienticotingoted
theretas 1p-hissconfiguration, the blind:signahseparationpracessos 30 is
connected tolthe N_rake regei\ﬁars 316 for focrimin%thirmixins%matrix 312.
The mixiitg Matix 3PTEoRipricss U8 ati8asPRR Gt rermuitfathy “he
compohiiiis of tise a lddstiNaiferentisureiations Ghtheikcgemee will

signals, and,the, mixing:matex has:a ragk egual dptodd. [001290IN nie 3¢
particular, when CDMIif waveforms propagate they often encounter
Pultipl& At frorh (BGAUTES (5 the B Htdhy 2 Fake FeSeivEP 316 is

specificaly désignetbtoreaprureia namberlofitheselindividiakinstances
and corppipesthem {ar.a Fere rabusisigaaldeseding.\¥hile the original, 4

signal propagates along each path, its properties are modified QX the

unique tiarkctdidtic ORI pRT IRCOmE S ctmdEhtast fife P1ind
modificatioreio tepeorelatiorpandiorsstatisticalrpropetties 6f the received

signal wjll beJarge gnonghsso thatiheyican bereatedas separablersignal

streams. A modifieg rake receiver 316 could bé used to extract each

modifidd SR afr B TeBRAF A5 URIGUS BnG S B ity Fatrg 81970
While this! iveains bf ncrmsasingnthec etk melenot abvaysbecaiedilable, it -

35 - willigpd fo-he; ayailahle dphigh Jpultipath
[O0138] 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 wvalue greater than the number of codes. For
example, N antenna elements and M codes may provide NM
matrix rows.
001407 For illustrative purposes, 3 codes are
assumed known and the 3 known code signesls retain their
orthogonality. In 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



environments when it is most likely needed. [00130]While a rake receiver
316 can exploit the different paths, the more general approach applicable
lation technique is beam forming, as discussed ,
ng’ﬂ%m g#s differs from the rake receiver 316 since beam gjﬁ%@%ﬁsﬁ%
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 recepver. However, the receiver
assembly 308 needs to detect a number of these unique propagation path
versionsrsitirssdmedsighal in erderitorbtile thienexmg wratex 81 2atoaown
sufficiept sark.<[004 331 Ehe faurth.segtion of the roadmap addresses signal
splitting for further populating the mixing matrix A. In one approach, the
summation signals are split using spreading codes. In another approach,
the summation signals preislit,using in{phage (B,and giiadrature(Q)
modules. [00132]Signa $) litting using S@re@gjngf%od&% dllinow be
discussed in reference {tQ 4. The Ll[usté[}éte% "corgfn g'l jations device
400 comprises an antehna array 402 cofprising K antehrig elements 404
for receiving at least N dffferdfesunimafiongef the MPeolfce signals. A
code despreader 406 i:l1 tonnefted?o the Nantehina &le

ts 404 for
decoding the at least N; differerit suthmations,of the M souge signals.
Each one of the N different summations includes k codes for providing k
different summations of the M source signals associated therewith.
[00133]AR%éédiver aBsenitilyr40s issconneptenttothetcodé despieader 406

for receiying atlepst kN differeplr 36 -other path versions 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 obeving the central limit
theorem so that they appear as a single Gaussian
signal, e.g., release 4 channels. In other words, &
suificient amount cof non-random signals will add up to
a Gaussian signal. The interferers may be Non-Gaussian
signal scurces or at most one Gaussian signal unknown
tc the network.

[60142] After despreading the known codes in the code
despreader 406, the blind signal separation processor
410 receives a2 mixing matrix 412 of rank 6. The rank
of €& is derived based upon 2 antenna elements
multiplied by a factor of 3 since 3 codes are known.
[00143] The 6 signals are applied to the blind signal
separation preocessor 410 wherein the mixing matrix 412
having & rank of & is formed. The blind signal

separation processor 410 determines the separation
matrix @ from only the received signals modifled by the
channels: x = As. In the illustrated example, 6 signals

are separable.



summations of the M source signals. A blind signal separation processor
410 is connected to the receiver assembly 408 for forming a mixing matrix

whlZeamprsing the at least kN different summations of the M-§QukeR 7088134
signals. The mixing matrix 412 has a rank equal up to kN. The blind signal

separation processor 410 separates desired source signals 414 from the
mixing matrix 412. [00134]Depending on the modulation of the received
signals, the above described signal sptitti¥g may be used for increasing

the rank of the mixing matrix A without increasing the number N of
antenn¥léAfehts. é%ﬁw}%}'iéggﬁl@WAWﬁﬁ&WCWW&"@EX&%I%
of spreadispecirumecemgniiicationdsystermsdn which:spreadrig:codas

are used, A common.tivead s fhat aunigue code.is processed with each

signal to spread the data over a larger frequency band. (00135]The same

spreadiyFcO88 & foes8ad With-the*Fd&sived signats i i@esiedssignars
undesirettsignals andeunknawndthise satreed): This causesdbeidasired

signal e jeponsiiyciad hack tadsorainal Teguency handwidthwhile.

the interferers are spread over the wide frequency band. [00136]The
above [i$3H EBMATIMPIBMEHtATiORE HetdSnF halé many s farstrédne L -
simultapeoust} usinmthe:same-Fequeney band £ack: sighal sirepmalses

a code is.ideally ortho al rs. if this candlition |
the dec%gdﬁe%,@ﬁ n%%? t%%t %?1%34 t%tgeesi%%}’éel %Equ‘ tzfﬁgé“t%"n %&%Ee%p?é%gggﬁf%

the codEoPHERAR sididifofthlshimss e diordigsieating Shefesultdin
receivesbsigaph suem xk miflhe: mastly=mastenupiof arvineseases amplifude
sk ter d gither ync ed.or lower valued k-1 terms. -37 - .
vl e S CCE A s e S T
interferffty BigiRe Lre o ridFhat reSoiisracte PEIOREAWRR R Yedhaep the
signal. Favisciseftensdue ta the delay.experenceddystheinghgduaksignals,
and also (ne uitipath geeurrenags of hs gnale, Some efihe undesired
signals, eSpecially the CDMA ones, will increase i value. The'increase

will note 438 sigRifleaptAs ToPlife desheersignal RARIERALSEL indréase

the overall awise valur.ang therpfore-deerease he-sighad-tanaisgratiore
noise ratie, and as indicated by Shannon’s law an
increase in channel capacity.
[0o146] Referring now to FIG. 15, the other approach
for increasing the rank of the mixing matrix A without
increasing the number N of antenna slements is to
separate a received mixed signal into its in-phase (1)
and guadrature {(Q)} components. I and @ components of a
coherent RE signal are components whose amplitudes are
the same but whose phases are separated by %0 degrees.
FO0L4%] The commpunications 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 guadrature
module 506 is downstream to esach antenna element 504

for separating each one of the N different summations



[00138]The form of the despread signals equation and the signals
themselves meet the criteria for blind signal separation processing. In fact,

wil one.efthe dispreading codes is individually applied for eagh#nowWiyossi34
signal received by the comutunications device 400, individual summations

that meet the ICA model requirements are obtained. [00139]Therefore,
there are as many row entries available for the mixing matrix as known
codes, assuming of course, that they-eagh produce linearly independent
significant value. Under the right circumstances this will allow an increase
of the afixiHte ntatrig1o R valEngreater teaiy e Mmalsér of- eodesFén

example: Aeagtenna:elements-and i codas may.provide NM matrix rows.
[0014 illustrative purposes, 3 codes arg.assumed known and the 3
(own SAAe Snals FER NGl SNSUEAity Tn e S50 dediyBarer 208!
the mikigehistfx I RasHdp 3 FOWS aiFBoROAYS rEWs E86R HEN D &he 2t

antenna styea afterieach steam.has hesn-despread-hy thed:kaewn:he
codes. The off diago values are due to the orthogonality of the codes.
The cﬁamgr? a—%ﬁ%nﬁé%‘ lﬁe,%taﬁangnggé ?grsth%%gﬁgrgfncsé%%r&e unknown
signals bitiae samé ifdéxd 00hgrdb gepatation processor 510 is

downstream to the receliver assembly 308 for forming a
mixing matrix 512 comprising at least ZN different
summations ¢f the M source signals. Each in~phase and
guadrature component set provides 2 inputs inte the
mixing matrix 512. The mixing matrix 312 has a rank
equal up to 2N, and the blind signal separation
processor 510 separates desired source signals 514 from
the mixing matrix 512.

[00149] One of the respective I and { modules 306
downstream from an antenna element 502 1s illustrated
in FIG. 16, A mixed signal received at the antenne
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 freguency
range with two synchronous detectors to which identical
reference signals 90 degrees out of phase are applied.
Together, the I and ¢ signals preserve the phase
information contained in the IF signal, thereby
enabling a signal having & positive freguency to be
differentiated from one having a negative frequency.
{00150] By separating the received mixed signals into
I and @ 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.



-kran 0 a24 a25a, 0 a33amamam S3 00 a" ad a, 54 ad 0 am am am ss
0 ad am a, a, s6 [00141]The signals corresponding to the column entries

Wé, 2%(%(&%?896‘” be other path versions of the known codes, g&%ﬁ&@%}bsms 4
SO nd the

signa unknown codes. Also, one signal may be Gaussian a

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 amgunt of non-random signals will
add up to a Gaussian signal. The interferers may be Non-Gaussian signal
sourcegtdrlat-ihost bne:Gaussian sigrél tfknewn. 0. tkernediotk. the

[00142]After despreadinghe krawn cades.inthe,codg despraader 406,

the bliréd sig%a,l separation processor 410 receives a mixing matrix 412 of
rank 6 FHE TN O 6 is dBHYed BXEEY (P6n 2 BRtnra efsiantERtilfiplied
by a fa€ter 6f:8 fsice: 3 Godds: aré&krowsh400148THEB dignalstare GMSK

applied { the Alind-signal seRarsipn prRGasses 41Q.whergin.the mixing
matrix 412 having a rank of 6 is formed. The blind signal separation

proces®Br AR dBfetniines the WepatatioR THARRCHF from bify TE Féc&Teds
signals. iadified by theséhameelsi xg= A% kie¢hé Hilistnatetdsexample, 6

signals-gre: SepALARIe. for blind signal separation processing,
the I and Q process described can be used.
[001l52] 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 ¢ is used,
the mixing matrix A can be populated as if 2 times the
number of antenna elements were used. Another example
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
components (a factor of 2*2*%2} so that 8 independent
mixed signal sums are generated.
[00153] This mechanism could alsc be usad with the
antenna array deflection technigue to create more sums
of signals. Each of these sums could in turn alsoc be
separated into I and @ components.
[00154] Another aspect of the invention is directed
to undulating transmit patterns to support effective
area coverage. Referring back to FIG. 3, this aspect
of the invention corresponds to Block 82 in the
transmitter processing section of the illustrated
roadmap. Signals from external transmitters are
interferers to signals from sites a device is trying to
communicate with. This problem is mostly addressed by
treating the external signals as random noilse. As long

as the signal to noise ratio remains above specific



- 39 - [00144]The blind signal separation processor 410 selects the
signals to be decoded. For example, the interferer signals may be

wORRRGapd all versions of the desired signals are selected, The sgle¢ied.,

signals are applied to a demodulator module for demodulation. The
demodulator uses well known equalization techniques that combine the
multipath versions of the same signal. [00145]In the more general case
the off diagonal values shown as 0 abowefoer simplicity, could actually be
nonzero. This would be the more usual case when the correlation

propertiesdsetnesd theheoded sighalsaresdotgerfoet. (ievsuld The

represgpbadgitional nise 0 @ach sepanated $ignNals HOWEVR!, @8ar down

prewousrlg/ dshsoy}épl éhe rank olf eth rn_;gvf}]r:lL IS s f}?ﬂfen.t to separate tt}ea_sﬁ% ot

signalg, <o their vaiue V‘/DvﬁPBe significan 38/ reduced atter the b iennc?5|gnal
separatiorproce SsHmvTHisdeads toat decieaseeiindie, Ereincrease in

signal §g feise talie and aedidicated &y Sharnens lensapdpergase in
channelqc%[pag&ig. 001?;6]Refetrring now to FIG. 15, the other approach for
increaSifg the rank of the rgf'ﬁfﬁnammatrix A without increasing the number
N of arifehierdleméhs iseosepatale bieceied aAtided sighal inefitss to

in-phage {Hand guadsatise &) capponents. and Q.eomponants of a
cohererLtHR si%nal are components hosedamplitudes are thetsame but
whose phased are S8parated by 90°8agrecs 106 TA7The BMHitRicatidns
devices300 coripridés ah antehnasairay S0 26dEmpsisiy Keahtathady
elemenis:2Q4 fonraceivipg.at Ieast N diffarent suamakens ofdae 4o, »
Fehase and quadrature .ngggule %g? IS

source signals. A respective ir}{

downs{(reegrﬁ % ne’f';lc)f1sar?§é€ri1‘ﬁaf':e mhent 504 f6F getﬁgfra ing eécﬁ Gie 8fthe

N diffegésrtSdmmedtidngs no@@ rotated change in scale versions of
each other, as shown by pattern contcurs 650, 6352, 654
in FIG. 18.
{001586] 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
a1l 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 i1s that the set members differ in
gain in each direction of transmission or reception of
a signal which serves as a channel path to the other
end or ends of the communication link.
[00157] In general, cone plane of signal gain contoux
is lllustrated herein for ease of visualization. The
referenced undulations can occur in azimuth, elevation
or in beoth orientations, i.e., on the surface of a
three-dimensional shape surrounding the antenna. Which

and to what degree each dimensional direction is



of the M source signals received thereby into an in-phase and quadrature
component set. [00148]A receiver assembly 508 is downstream to each

mjﬂ' Q%%ﬁﬁd guadrature module 506 for receiving the at Iea&%&g{}%g 34
an

guadrature component sets for the at least N different summations o
the M source signals. A blind signal separation processor 510 is
downstream to the receiver assembly 508 for forming a mixing matrix 512
comprising at least 2N different summations-of the M source signals. Each
in-phase and quadrature component set provides 2 inputs into the mixing
matrix 8¢2udheymixifgrmatrie 84 2dias afark eqgual upte 2Nandithe of

blind s Sepasation Processer ph0 separa @%%Jé%@éﬁ_’yé%e signals
514 from the mixing matrix 512. [00149]One of the respective | and Q

modulés Bob dowHatream from an antenna element 502 is illustrated in
FIG. 16.0&%hlked sitnal recdivedatthetaritenha elemerddS02 sisphitiey age

pair of gaixers- 20,4 angQ:GAMROPLRLs re commoNny-REOdUGed BY nunber
translating an intermediate frequency (IF) signal to another frequenc

range WihIHE 85 Rch oot e BRI RStd Whit i RIgH Tt EY réfFencé Signals
90 degreés ‘vet of pastrarecappliedoTogetgr) the & ands®@ signalson may

preseryg the phase infermation containeghinthe IEysignal dherehy, o
enabling a signal having a positive frequency to be differentiated from one

having&'REALGE fraguericy? 18615068y separating the received mixed
signalsfid®d $ahd Qlewrhposents, ibwessizeofthe miking: neatsicinteeases

by a fagtor.of.2. Ag lang asthe l.and Q componentsare epcoded with,

different data streams, then the mixed signal received at any antenna
elemerit TRES e &plifHto }f\'ﬁ/osdﬁﬁgférﬁfiﬁ%éﬂ‘sﬁh%lg‘?yﬁ“ltb[dﬁfﬁl]ln the

case otd#ferentinl encodmyiher and elevation planes. A key
benefit of using sectoring is that it alleviates the
need for tracking the device at the other end of the
link as per the beam forming method. Leaving the
coverage region of one sector for another is thersfore
reduced to a classical handoff situation.
[OD160] The receiver typilcally generates the pattern
changes sultable for BSS processing. In contrast, the
transmitter utilizes technigues so that a suitable BSS
decoder environment at least partially exists. In some
implementations this will mean the receiver need not
generate any undulating patterns. In other
implementations, it means the number of undulating
patterns 1s significantly reduced.
[G0i61} One embodiment is for one fixed transmission
point 670 at an infrastructure site transmititing 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, £84, 686 may bs undulated in a timing



nature of the modulation needs to be analyzed to determine if | and Q
meet the linearity requirement. For instance, it has been shown for GSM

wihaldhe GMSK encoding can be assumed linear when usedWjthisze07/088134
appropriate filtering, and processed in the receiver as if it were BPSK

encoding. Since BPSK meets the requirements for blind signal separation
processing, the | and Q process described can be used. [00152]l and Q
components can be used with any of the abeve described antenna array
embodiments to populate the mixing matrix A. When | and Q is used, the
mixingSieiaEsR AL8gin Beopopalaied ascit Pitimesihe -n@mbekofantenfas
elements were used. Another example could be the use of 2 antenna

eleme E ctor of 2) that are uncorrelated with unequal polarization (a
factorg 3 and %Lgof%%?ﬁl ion Wltht%e ?5%333 ”z:‘*on‘%’&éiégﬁ% a a%gr of

2*2*2) Sungiht B ireleperidéntrh ke didighal sum dré jentratesini t
[00153] hiss mechanisiciid:alse ha ysedwiththe antenla akdbur of
deflectg:cg{l techr%ique to cregtennéo eas%ngs fdsignalsﬁ Each,of these sums
could in turR a1ss be §“§’p§ra?‘eg ifto T an e(% corr?pnosnean S. .§f]‘i\nottﬁf§?
aspectséfthe ventionssaireciedao rdifating trarsmitpatterns to
suppod gffactivesaren covrnage, ReferingRackstoslGo3sthis;aspect of

the invggtio ,correspond%ct)o E'%%‘ég iQ‘ttl}fe transmitter processing
section of the fustfted r6adRTap. Signals from external transmitters are
interferdi@id3ignalhfeorresitdy ardevise is4Ang toconimanicste withwave

This prohlem isomestly addregsed dy trgatingdhg @xiemnal signals:as
random noise. As I%Q% aBsStge signal tofnoise ﬁatio [femai%s abovels tecéfic
- 42 - ATESHEIGE; the eS|redmsa|‘gr% can Jbe e(‘?ﬁ&ed’.r‘iehe%rgﬁf’eum IS 10
designwa conuetindcaiionsesgstene thathdowagjrade sshese probisass while
utilizing ke hengfits of ultiple, sommppigation paths to maximize the

stk e e vl copeely e 9
transmits a source signal defined by a character set
comprising a plurality of symbolé, and at least one of
the symbols in the character set is transmitted at a
different power level so that the transmitted source
signal appears with L linearly indepsndent 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 powex
lavels, for example.

[GOLEE] While undulation covers all wvariations on the
power contour of a sector, a simplified implementaticn
would have the overall power level of the sector
change. The radiated pattern would therefore remain
the same in the mathematical sense of the word similar.
[00166] While all sectors of a specific base station
could apply transmitter undulations as discussed above,
in some circumstances it would be better to have only

some subset do so, or apportion the degree of



W J0

pattern contours 600, 602, 604 with varying gains, which may or may not
display degrees of symmetry, as shown in FIG. 17. A receiver 610 is

by three spaced apart fixed transmitters 620, 630,640,/ hﬁ?s 4
point s that the pattern contours 600, 602, 604 should not be non-rotat
change in scale versions of each other, as shown by pattern contours 650,
652, 654 in FIG. 18. [00156]Similar contours in geometry are useable, as
long as they are rotations of each other.4Ehe three patterns contours 660,
662, 664 shown in FIG. 19 are all similar in geometry, and they are all
usablevpdcdase thephavestifferentsgainsrin .cadtr diréctonrddleisintitar

pattern-Usageds explaingd aéldf@xﬁ%eslmgm%éﬂoew@mth%m a
easiest way to implement the patterns the set o atterns need not be

similar’ &t 98 tquitel i Bratthe et efMers dffeP T Gantin 8ath
directiomadf Iersmissiorbe seceptiom bf arsugnaéwttmh Bervesladeeve the

channglpath,tq.the oiererd o ends gfithe.communicatigndink. [00157]In

general, one plane of signal qaln contour 1s illustrated herein for ease of

visualiZBRGA™PRETetErantRe (ndiiBtBh e 4T o2 BF I ALint RS RAAR N

or in béttvorieniations, giez L ondhe Swfate: 0F adhree-diménslonal shrepe:he
surroupding. tae- aptenna, Which and.to what degree gach dimensional

direction is - 43 - actually deformed and therefore used is a function of

projected-Héndtit Qﬁdtd}ﬁ/s}f@éﬁﬁwtblér’r%i‘ﬁéﬂoﬁ‘fﬁn|fatt?or}se‘[661§§]’f‘r‘?é: be
basic conrtepidstoqrset seetoréd cdverage ijattefasatdheinfiastrutturel

sites. Ehe ﬁ&&é@'s’%‘ér%b%apf%CEQS&WMS%@@@S Wit capagity peeds and

related cost factors. For example, a base station may be divided into 3
sector§&¥ith%ach sector being supported by a transmitter.
[00159] rapEentatibnsmayevarifedrdarsinglet signals are all from

cne or more transmitters using the undulsting
signaling, ths receiver merely takes samples during
each pattern change, and uses the resulting dates to
populate the matrix feor BSS processing.

[0oleg] I£ there is a mix of transmitters using the
undulating signaling and others are noft using it, the
receiver can use classical signal separation technigues
te 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 enoucgh additional patterns to
increase the rank of the BSS matrix above the number of
signals to be separated,

[0016%] For the BSS decoder implementation for
exzample, if three transmit pattern contours 682, 684,
686 with three signals are sent by the trensmitter 670
and there are two cother signals being received, the
receiver 680 would need to generate at least two

contours to separate the interferers against each



sector, to an arbitrarily large number. The sectors themselves may be
subdivided in the azimuth or elevation, or azimuth and elevation planes. A

“)Sﬁng)g?&e/giig()f using sectoring is that it alleviates the need foﬁ&?ﬁ%ﬂ@?’&%m s
evice at t ethod.

e other end of the link as per the beam forming m
Leaving the coverage region of one sector for another is therefore
reduced to a classical handoff situation. [00160]The receiver typically
generates the pattern changes suitable fgf BSS processing. In contrast,
the transmitter utilizes techniques so that a suitable BSS decoder
envirorvaeet at teast partislly @xistsniveeme wpplemeantationsdhis:will been

mean fgJeaener aged 1ol aenerels agygndlatng paliens, it QI
implementations, it means the number of undulating patterns is

significafifly ¥etlucédl. {0616 T3FE eniiddRe Misder ofe il receiver
transméssion Hpainka¥a atatumfrastructure site transmitting to a wireless

mobile communications deyice 680, as shawn in FIG, 20, This |
embodlmen?giddreéses the %%ﬁ%goﬁ%hen it ijééun own whether Stfver
transmfSSiGATSOtUEaS irf 115 ¥8gbrPard also GpEratiiR THetraRsmis e t

patternme@atortss 682, 6841686 maybedmndulated Mmadimigghedéhrse the
sequengi ow, t iver 680, as shqwn. in .21..[00162]The
chang%s% Ighgﬁ?; %n%%?éggt%rr% %né%n %e%r%%é‘zt%lco%gdléswéﬁ l(:ﬂ\(%iS|L-(5£knasng]ga 4

the traf&mitisyfAbbP |IAsteat: BEBoFE SRjtitaRovaRTENt Sthe'é8nfotaoithet er
patternsisechangetandtheld constantiaraachima:-sliotafhe caverage

f‘r;ecif:aex?gg’ég%‘ffaoﬁggﬁ'%?ﬁ%‘_%%@%ﬁ@%nﬁSégﬁ.‘ggthE&e 509 JoresiaNt ape
of the contour. If only one other stream is summed at
the receiver &BO, BSS processing will be able to
separate them even though one is constant in amplitude.
This is because the power dithering source provides the
changes necessary for its operation. If more than one
other stream is received, they appear a&s a single
grouped interferer to the BSS processing, unless the
receiver 680 itself uses other separation means, or has
its own undulating pattern generation capability.
While this scenario will sometimes occur, it is not
always praciical or the most reliable.
[00171] A pattern transmitter in the receive mode may
be used. Since BSS processing of multiple pattern
contours is an excellent method for signal separation,
the same techniques used to generate the transmit
patterns can also be used to generate multiple recsiver
vailues. The only cost factor for BSS reception when
transmission is already supported, is therefore the BSS
processing ovarhead.
00172 User equipment receiver 680 feedback 880 to
the transmitter 670 may also be used. While not

strictly necessary, feedback information from the user



[00163]The receiver will experience a change in wave front power level
due to the changing transmission contours. The BSS matrix will therefore

- eﬁ&%g}glﬁt@d with the differences of the various signal stream,&tsgm%g% 4
re

ative gain values. [00164]More 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 ghat-the transmitted source signal
appears with L linearly independent power level time periods, where L > 2.
The amplitude:of eagh siymiolSi#tthesch ractersetimairiye evhstart, with

at least jwp afithe symbels,being-atdiffergnt pewer lewelsniar example.
[00165]While undglation covers all variations on the power contour oHa

sector & Sihphified ihpidmentafioR WSua Favs He Svérall Bower 168741 of
the secformhange. fhe: radiated: pattery would¢bhersfofa kenwtin theshme

in the mathematical sepseLf theword simiar. Q0166 MVhile allbseatpes of

a specific base station could apply transmitter yndulations as discussed

above “HESMEGFCURLTAS it WolIa b Bt o RRVESHIT Some
subsetitty soyer @ppottiok the degree dfes € 5pourdulationcamongbe e

sectors, far instance, if the raceivertacrived:a robystsignakiam sectore

A, but a weak signal from_sector B, it would be preferable to undulate the

robust &GRS FER Se GBI & IeBvethe R ak’ SigRAFrBRTBSA TS RfgHer
level. Fhistimplementation veouldrastualy becsemewshatindependent from

which signal was.the degirg aegm&&bs\y%ﬁh%irﬁ@.rf,ereﬁ_a%%re From
instance, the interferer might actually be the robust signal, but its [evel

cannotbé Pelucd siTifidantly Yt BRHeS fad® STRImABGBERS Per
necessamyol ittdIcomamshicatdwithcsomessther deviceseceiver for

best performance.

(001731 As readily understoocd by those skilled in the
art, a source signal transmitted by the transmitter &70
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 pericds, where L
> 2.

[00L174] While changing per symbol will be practical
in some applications, it will often be more robust to
make changes on a symbel 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.
[O0L75] Another embodiment involwves multiple
transmission points that are known to be using the

above-described approach. Fach transmitter is capable



(00167]If the received dominant signals are all from one or more
transmitters using the undulating signaling, the receiver merely takes

qu%l ring each pattern change, and uses the resultin ftt )
Wpopu 'élﬁt@ lie matrix for BSS processing. (00168]If there is a%fgg(}gos ornseiss

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.apg multi-user detection may be
used, for instance. However, the BSS method will usually be more robust.

When practicatethesteceiverean implement-pattern defosnationmand
gener n ditional patterns to.increase the rank of the BSS
matrixaga %%?‘%t%%ér{ggm leraméj s%%\%a?ss ) éesreg'a“ra?ga f@ﬁf%d‘ﬁ&?th% BS3S
decod@ritfiplerfdfitation ot exeifiplel iFthtée tethstift patteth contolifs

682, 6845686 With $hreei signals.are sent Dydbadransmiier 64Q angithese

are twg other sianals beino geceived, e receiver 633 would need o,
generate at least two contours to separate the interferers against each -

46 - otheRePHisYs YRAS BRI s Tu8S tHak WolaHa/beehndedbd if tRE3
transmitter, 670 yyera-nehgenerating: its A 6€5:80 the implementatipn

ibsuégﬁg}ﬁrgéa@girr]%feeal}’ne{q%%o i5,lways reduced. JOO1701If atransmitter 670
[00176] The rank of the mixing matrix can exceed the
number of sources to be separated when there are in
fact more sources in the sums than the receiver cares
about. If this is not the case the matrix will be
degenerative, and the rank will collapse to the number
of actusl sources.

[00177] The receiver operation for the multi-
transmitter site implementation is basically the same
ags foxr the single site. The difference is that the
patterns generated by each transmitter can be counted
at the receiver for BSS processing.

(00178} More reobust 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 reguired 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 eguipment to establish
network wide pattern usage, orientations, power levels
and timing.

[00L78] 21l the methods discussed above for building
the mixing matrix may be used as part of this

implementation.



stream along a signal path, the pattern contour set need not be rotated or
dissimilar. This is because the signal as detected at the receiver 680 is

whelRgehanged relative to all other received signals. The trapsmiltesi6/60s134
may therefore use a simple power change for the overall pattern rather
than needing to change the shape of the contour. If only one other stream
is summed at the receiver 660, BSS processing will be able to separate
them even though one is constant in anidlitttde. This is because the power
dithering source provides the changes necessary for its operation. If more
than ohBWGRR} strekin 14 fécaiTBECTh& appeatt AL Eirfijle Bfotpagcted
interferer tonthe BES:pracessing cuplessdhes eceiver Gl itsali Lsasiather
separafion Means, of Nas s o Lngulating patte(n genp(glign senapilty.
While this scenario will sometimes occur, It Is not always practical or the

most r&f&ble3 {0617 E]4 pafEkn tarisifitte? 15 Hié FEcERETRBIR Ay 1e
used. SincsBES processingafsnukipie petiets contauisistanexsellent
method for signalseraraian  the-same leliniaues useddo gengralg the
transmi paﬁerns can also be used to generate multiple recelver values.
The orff)&ost fadtoP LB S réepticie Wiich fraRYATisSion S alsaRtem 15
suppotigd: isstheyetare the BESsprgessing pxathead i[R§1721Uses
equipment receiver 680 feedback 690 to the transmitter 670.m IsQ be
used. Whife not gt’ric? y necessary, f:elee&bsa&eiﬁ%rﬁgﬁgn ?f%_hji t%&Ss%g}r_ -
A7 - equipAteri receier’6gu Ean i 4SEARSIRTHIETeRE SVt all THRAAHSH -

of the liks. drer instance, thedesgiwer L0 eandetevpine the degreado
which each 1cr]?ap e.in patt%rn contour provides useful data. This

information 15 fed back 1ot %‘transmitter 670. The transmitter 670 can

then adfiidt#sloperdtibhabintprove the IHIE utfize (B85S bowvér, Britat e
less interferesse tecather commemication fiaks 73omerabtheradjustments
could be: which and in wihat sequence.each nattern is ypedh Ad.baW e
many ChanGas are niade during the colrse of & Symbol transmission (1.6..
chang&¥rama M as™ conforsI AN ETRE % EohtdirtcidfgésPer
symbol;wilhnegdde he sepveyed-iedhereceies ferbest pedermance.

(0017344 readly upderstopa by thase skiled n the.ar, 3 squree slonal
transmitte %‘y the fFansmit er_g OlIs dehned by a character set comprising
a plurafiysah §ymbis,samd af islest die of te SPATHINS iR 5 EhaFacie? Set

is tranginiited, abaddiferrninaves lavel soothes the fhanspaittedksaiiteeng

signal agpears yith L lincatly jadependent powerJeyelfime periods,
f00182] Still referring to FIG., 22, there are at
least J mobile wireless communicatiocons devices 710,
720, 730 transmitting at a same time, where J > 1.
Each moblile wireless communications device transmits =z
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 transnitted
source signals from the J mobile wizeless
communications devices appear with at least L to Lg
linearly independent power level time periocds, where I

> 1 and at least one Li>1.



[00174]While changing per symbol will be practical in some applications, it
will often be more robust to make changes on a symbol or multiple symbol

“%azs(}iggﬁ‘]rﬁil%zjs because changing the power level during a Syﬁ&bﬁ#gg&%mss&&i
have unaccCeptable changes in the symbol itself. Since the signa

separation matrices are normally derived from a number of symbols, this

IS an acceptable implementation from a receiver processing viewpoint
[00175]Another embodiment involves.mygliple transmission points that are
known to be using the above-described approach. Each transmitter is
capablétt 13l of different:trandmit powsrdepelsnAsidl examiple, may be a

transmitter. .. L and.ransmitter L3arecapahlg.ofde 5.3 powerJgyels. The

power levels are such that all the possibfe relative power level

combirfatidie &r& LRTGUE Gs T plits iR miRing iy e aginfum The
numbei¥ ofdinebrlyindepentdentsums. wouldriberefoicbe [At02="323,= D30

This extends {0 Ltrapsmitters as themaximumnymber of jinigye glative

power evc;::ls*: L,*...*Lj. [00176]The rank of the mixing matrix can exceed
the nurBierof-sbutddS o bE Seliated WieP gt dievittfattfforsriods .
sourcesinithéIsumathanithe receiver cares.about.lf thisid ynotthemastent

the maix il he,degenerative. aneLthe rank will collapse g;%m numaerof
actual sourcesé%00177]The receiver operation for the multi- transmitter

site imPlMEARTFR D ASE the SAifve S 1Bt e Sifyle WairFe tions
differenes isthatthe pattdrnsigénerdied aeach:transmitter cnibe que

counted atthe feceivarfof BRPPIPCeISING-+1,,) , ana therefore, the
rank of the mixing matrix can exceed the number of
sources to be separated when there are in fact more
sources in the sums than the receiver cares about. If
this is not the case the matrix will be degenerative,
and the rank will collapse to the number of actual
SOUrCes .
[O0585] 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 cof a
transmission beam can also be used.
[00186] A particularly effective approach is to have
the transmitters use zligned time slots as discussed
above. The timing can be set by using internal clocks
in the devices, or synching up to & common time mark
sent by the intended access point 740. If there is
misalignment as to when the signals arrived at the
receiver, there is a degradation in the BSS processing
ability to separate the signals. alignment can be
adjusted by determining the distances to the devices,

or measuring the time delay. Timing advance or



[00178]More robust operation however may be obtained by receiving
information from the network as to the nature of the coordinated

w%%ﬁﬁ?ﬂ?ﬂiw parameters. For instance, the rank of the matrigggﬁ%(gﬁﬂ%sm i

turn dictates the number of required patterns, can be adjust
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 equipmentto establish network wide pattern
usage, orientations, power levels and timing. [00179]All the methods
discussed abdvelfor bulding. dre mixing piatriximay beiused @s=part of this
implementation, ; 42+{0Q@180]Another aspect of the invention is directed
to undul@éing_?transmit atterns to suppaqrt multiple simultanequs

e

transmitters® Again FetRing BAcK B5 FTE T3 this Hepett Ot e nvdiigs o
corresperd® s Bloek:99 msthe tran&i®itter processing sectippaf thecess

illustrated; readmap. (©QMmUR|cations fapaciy s an.angeingproblemin,
RE' wireless networks. The problem is basically due to RF frequency

bands bRIFJ fiffitetf reSoticBECPREre Sr& VAT DU et hnfuds GffliZEd to
exploitthege liMitédatiocations tomarinizescapacity; but thegeimand ihe

congestpdareas oflen exceedsiheavallable sapacity [00181]Referring
now to FIG. 22, multiple mobile wireless communications devices 710,

720, 750 tahsmitfig 6% fiksd GLea5s Phinl"P A6 MGHTRLS théy R v
patterns: Jhe-irtehdet aguessauvint 740cand kminteadedaccessapommts to

will thergfpre receive,differentpower Igyeh versions, oL the tansmited uate

signals. This provides the information necessary for the intended access

point 7308 B6BIate ThE FRRAR Midtrik FoF Sfyrial Separash tedffues.
[00182]8til #&ferringiothie 22 there lage atignal sources which do

not use the RF power level modulation technigue,
classical signal rejection technigues 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 dagree of
the matrix information derived will greatly reduce the
overhead to implement at the access point receiver.
[00189] A1l the methods discussed above for bullding
the mixing matrix at the intended access point 740 may
be used as part of this implementation.

[003120] 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 80 and 92 in
the roadmap illustrated in FIG. 3. Code division
multiple access systems (e.g., CDMA IS-95, CDMAZ00Q,
WCDMA) share the same allocated RF spectrum amongst
multiple users. This i1s done by using pseudo random
codes to select the variocus transmission signals at

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



least J mobile wireless communications devices 710, 720, 730
transmitting at a same time, where J > 1. Each mobile wireless

W om;%w?&tions device transmits a source signal defined b%@lr/%%&%gﬂ)\é%a 4
C

aracter set comprising a plurality of symbols. At least one of the
symbols in the respective character set is transmitted at a different power
level so that the transmitted source signals from the J mobile wireless
communications devices appear with atlgast LI to 1,3 linearly
independent power level time periods, where Lj > 1 and at least one L>1.
- 50 - [0R483{iEhe intendet:accesspeibd o’ 40s svhish maybe adfixeds
commynigglians devige separaies (e source signals provided by M
signal sources, where M > 2. The J mobile wireless communications
deviceB“A10. FAZ0, 130 provicesd 6Pt RMPSotiFsisRiHaYs irfétading up to

(1,14,.iHAVineasly indepensdent pownsrleyel-tinerpariads +[091841Asve
noted above, (1. 4ok adnsarly,ndependent poyer,level fime perids
occurs whenhe power fevels are different for the J mobie wireless
commuiiéatidfs ale\idas 74957200 7 308 Hieafiddmurm hursénstinkficin
relative: peweydeyels isidatn...*1,J), and therefore, the rank of the mixing
malrix eap,gxeed the numbenofsqurees (o.he separaled when there are,
in fact more sources in the sutis than the Teceiver cares about: It this i
not thelgage HIE PRSLrISERINITEHeBRMETSLIVE 3843d tHe FarR vl coldpseis.

the number OfactHakseuce s L8 HHa Modutation sapbe Rsssinle a8

changing the transmit{t:{ed ower, Th};s can he dong iggepegdent of %he
u?cm ? srprea. LI ale} (tE POILLON, O (W31 ips_ within
pattern’s contour, so omni-directional,’sectored, or even beam forme

patterr2&din pesed 1otiaeteshhigess sticH d5 eangingrierbery sight s©

of a transmissian beantsan@lao Haunsed s[IHB0]Apartieylarlyaffective

approquggégﬂng%dependent power level time periods, where L
> 2. A mobile wireless communications device is used
to separate the scurce signals provided by M signal
seurces, where M > 2, and with the fransmitter
providing one of the M source signals with the L
linearly independent power level time periods, as
discussed above.
fo0192] The mixing matrix formed by a signal
separation processcr forms a mixing matrix comprising
the at least N different summations of the M source
signals, The mixing matrix has & 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 egual to the rank of the mixing matrix.
Each portion of chips being transmitted at differsent
power levels within each symbol may comprise a zet of
contiguous chips.
[00ic3: The ideal situation, however, breasks down in
thrse scenarios. One is when orthogonality is lost or

diminished due to differing path delays for the



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

wdm /%97%9e mark sent by thg mtended_ access point 740. I{) t%%%zlosﬂmsmm
misalignment as to when the signals arrived at the receiver, there’is a

degradation in the BSS processing ability to separate the signals.
Alignment can be adjusted by determining the distances to the devices, or
measuring the time delay. Timing advangg qr - 51 - retardation
techniques can then be used by the accessing devices. [00187]Given that

the signahreceivaed gain changes.are both-being:used by BSH processing
equipped. access pints whdch consider them tar&gsgshand in.Qther cases

. 5 LRE T 15 1 =] Cryr . region
interferers, the proper recéiver to align with may vary. ?Ft%eré" iS no overall

networkCostihdtith, 2Re aRtEH St ieceivér SR6lREBe alfyneth fitheeigen
overallmneheork coosdination: rmeasyiements maysshewdhat the best »

approach s 19.make,ihe Slgnal aagiel 0 1amaye a8 Annter il )igstl
providing adequate alignment for separa%ion at the intended receiver.
[00188}FHefé are BiHErSighlP S6ufdes ihicHdoTtt BSE e R poRerot

level mogiulatiar deghnigee: €lassical-signal jactioniechnigues can be

used. Alternﬁgely the receiver may use p tterns r gther means to
. 3 i gt % BEmns. TI“
increase the rank of fhe BSS suitable matrix. Even if the Jattermeans are

utilized #i& Hegrée TR Ratrib@ifformation derived will greatly reduce

the overheaslto implementzatthe aecassmpoind reeewer : [A01PAAM he o
methods discussed above for building the mixing matrix at the intended

accessPGint YHPdy 58 Uséd &S PaN'St tiSfpléMahtatforf s aggregate
[001904Anethersaspact Of tbednventian isirestednnz with relatively

different weighting factors assoclated with each
individual signal. This can be done at the transmitter,
the receiver, or both positions. Whether the weighting
factors are changed at the transmission end or the
reception end, they can be changed per chip or set of
contiguous chips. The basic reguirement is that the
aggregate signal be adjusted per symbol at lazast as
many times as there are signals to separate.

[00185] FIG. 23 shows a case where in freguency the
symbol is varied 12 times (12 chips). The parameter
being varied is held constant for 4 chips. Thres
variations per symbol implies that three distinct
signals can be szparated from the aggregate received
signal.

[GOLS8E] If a transmitter 1s sending a single stream
along a2 signal path, the pattern contour set need not
be rotaticnal or dissimilar. This is because the signal
as detected at the receiver is being changed relative
all other recelved signals. The transmitter may

therefore use a simple power change for the overall



to BSS processing and pattern undulation to aid CDMA signal separation.
This enhancement to transmitter processing is applicable to both Blocks

0 in the roadmap illustrated in FIG. 3. Code divisio '
Wﬁ’&%’%@i@ ems (e.g., CDMA 13-95, CDMA2000, WCDMA)%%%% piossi3s

same allocated RE spectrum amongst multiple users. This is done by
using pseudo random codes to select the various transmission signals at
each chip (i.e., time period of usage) ocguyrrence. In - 52 - the ideal
situation the code used by each link is orthogonal to all other codes, which

facilitaies-mutipledinksusingrthessamedreguencihothese indiviswal s the

signals aie then reqovered aj the tacelver.thiouah knowing fhe, orthggonal
code as&gnedrto an individual link assuming orthogonaﬁﬁ‘y IS maintained

in the ret@Ne Signdt SPOIFIGTRESIGnErbéinketrahsmitted BjPa frisnimer
is a speaac SpPREtYM sauree sighal dafinethby.aymhoels.where £ach

symbol comprises a plurality of chips. based upon a spreading code, A
oo ST oA Sah B e A e 4t Aorene penree
levels §6TRaPHE traRSmMittEdBeRiTeE Signalfdpiears WAL ineafyher
indepegdenipowerdeyel time perHods phese Laz 2 A mehile yitaless:
commynicatiens device i3 usgd.o separale Ine squrce signals proyided by
M signa?sources, where M'> 72, and with the transmitter proviélng one of
the M sérekisighals withetheSENiRBaRYIAdBEEAdenP BolET 16T6] e
period&mﬂ&a&w@?@m\@. @&&Qﬂwez{nmm&ﬂxﬁorme? by a signal
separati rpces rms a mixin trix comprising the at least N
diffpere 5’5}1&% atiosr‘?éE Jé?‘?hél s%ﬁ?c?écrg%’né]gfc ﬁ%arﬁ' |nlg% thﬁeégf:r’&c%as a
rank eGi#aIIFaG B ledStINN& ritifbeR 6F IRRPOHIGIIS o ERipBeiITke
transmitied at glifferent powekleyeis-within sachsywabelkmayebe aaual teor

the rank of the m|X|ngemaér|x._Ea%h gortl g &1; grlgi%% bgg}ag ggngrrgttgg at

. InsLanc . CeLV =}
different power?évétls within each symrbo may comprise a Set o
contigutBUs Bhipsc 0193 € el BheBtioRC hbwey e Brdales dewmiint
three sgeparioss OQne isswhes-odhogenality isdest epdinnishes duerits - |

c“ﬁEHngﬂ%myﬁgﬁg%§ggg£h%an then adjust its operation to
improve the link, utilize less power, or cause less
interference to other communication links. While there
are many ways of changing the power profiles, some of
the adiustments could be which and in what seguence
each pattern is used; how many changes are made during
the course of a symbol transmission; and how to
modulate or dither the power to an individual link.
Adjustments in contour changes per symbol will need to
be conveyed to the receiver for best performance.
(0158} 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 PR, and hence & reduced

operational distance between transmitter and receiver,



- 53 - individual rays received by the receiver. A second is when the user
equipment is in a soft handoff region between two adjacent cells or
e ird is when time slotted links are sharing resour
WE’sz(eitt@&rata %:annels such as in FDD HSDPA and CDMA200 #;QBQ&Q{M
During these situations the orthogonality of the codes is often madequate
and diminished. This results in greatly reduced data rates and may even
result in dropped links. [00194]For a BS§; algorithm to effectively separate
the signals, the x, receive signal must be an aggregate of the signals
received &t thesantenpasnith telatively: dﬁtﬁf@ﬂﬂéw&gtﬂm&cﬁamxs ized,
assomghed with each m%m%ual signal, Thi sganbe done a at thgog phgmltter
the recelver, “or bot positions. Whether the welg tlngafact S are changed

at the tﬁ%?%?r%aonTéﬁé%rEtH@%é%ﬁénlét‘f&Wﬁ@y‘@éﬁtﬂb@%ﬁ’d&fp@t‘“
chip o&sako&eoa&gu@u@mmdm@bm regurement isithat thee rss

aggregate signal be aﬁdalusted per. s%m )éaét}lle astasm tﬁ as there
are s&teﬁs tc% E:’sleyf) rate 188195 FIG 2 ows él 3(“:za%e %r(ﬁﬁa rethloféncy

the syfitol i vafie 2 fiffeLELZRAIFOYTRe Faratidte? BeiAg VaFrRitpin s
held ceastanifar. 4 chipshERree:-vagatians pef sypikoldimpliessthat three
distinct signals can be separated fro tlja%aggr%g:ate rece veq; eq:nal
[00196{]ﬁ%transm|t}tre1?|sl§en%|€g a Si;:%; le stream ael%ﬁ% a glghéﬁ path the
patterr?’é@nftﬁt&te%tlﬁeé@ﬁ‘é}f%‘@%téﬁoﬁat’éﬁé%sﬁ%ﬂéﬁ Tatis 1§ betitRe
the signal @s detected at theseeeiveris betg.changed selattvergll otlaer
received s Is. The transmltt r may,therefore use a sim owe
Changé?oﬁj%ﬁ)govgraslf:o ge elemex¥ts Wl&'l minoer r;;?p%g 1]‘1(!‘1(:@‘51,

Excess poweyr can diverted to a dissipation load.

(602003 The patterns in
be created by a number of

and the receive antennas,

two or three dimensions may
means for both the transmit

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.

fo020L} A1l the methods discussed akove for bullding
the mixing matrix may be used as part of this
implementation.

(002021 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. Therefoxre, 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.



- 59 - pattern rather than needing to change the shape of the contour. If
only one other stream is summed at the receiver, BSS processing will be
able to separate them even though one is constant in amplitude. This is
because the power dithering source provides the changes necessary for
its operation. If more than one othertréam is received, they appear as a
single grouped interferer to the BSS processor, unless the receiver itself
THASeRerse pasatietrmeans, or has its own undulating pattern generation
capability. [00197]While not strictly necessary, feedback information from
the user equipment receiver can be used to improve the overall operation
of the linkst For iAstafEB e FEE8IvRr TaTT BBteIPiRE the"dégree to which
each change inpattern coptour provides ssefutdata: Fhis mformation:is
< -fed:hack 1o the transmitter. The transmitter can then adust jts,operation to
~improve the link, utilize less power, or cause less interference to other
Wl%ﬁ%ﬁﬁjrﬁ%ﬁlﬁﬁﬂﬁﬂ(@%ﬁilé{?ﬁé@ aré tiafty ‘ways of chdngiitg tHe power
de profites)samessithetaditistments could be which-and-in what sequengeor
s:RACNpatifin Is used. how, mapy changes are.made. duripgthe cquise of a

symbol transmission; and how to modulate or dither the power to an
“hiAdRidGal itk SAdRBIMES T Coftod changés PersymbsF wilt fégd t°be
thgonveyed-to:the reeeiver forbest. pedfosmance. $608981Practical powerile
w: Amplifiers,are best utilized in their lingar.operational range - With a large
1, peak to average power ratio, the operational ran%eqfor linear operation is
Hredlicdd TEStitingG T a rétiliced finear HYRamic control ringeSforthe pAL "
at arfdthencesa reduced aperational distance between transmitter and
receiver. ES%IXW&"%B%‘%?{CEE@%ﬁ?%@ﬂcﬁﬁr%@[eotgéﬁgﬁi%i%ﬁm§
. concern can be mitigated by several approaches. [00199)These . _
o b Cd hert Fre (ah SRSk e being poweon By e
J e amplifieR theBSS Protessing changesscan be SynehroritZedin a!
sofashion sueh dhat the suny of:the powers. of all signals remains constant. In
poddleT Qs NeInclease of some tansimissions, s olfseLRy the degrease
of others. If the power is modulated at a value close to the chip rate, the
~olgxcess gower can often be absorbed by the decoupling storage elements
with minor ripple induced, Excess power can diverted.to a lissipation
load. )

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
sald 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 to or

greater than (L,*.*L;) *N, said signal separation



[00200]The patterns in two or three dimensions may be created by a
number of means for both the transmit and the receive antennas,

W@%Mg)&gﬁgjustment of the delay and power level of phase BHAY 2007088134

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

[00202]Many modificafienssand oibet epabedimentsof thednyentiea will

come to the mind osf one ilgll%%é%ﬂ%% argnggv% m@?tbenefit of the
teachings presentedLlﬁntﬁe foregoing t?escnﬁtl $'and the associated

drawings. Therefore, it is to be understood that the invention is not to be
limited to the specific embodipagnisidiselosesd, apskthat medifieatignsand

embodiments are.intended to.he included within the, scope of the
o A e e R SRRl
commBHeEIDASEYEMR chTipfisihgise time aligned slots for

transmitting the source signals.

3. A conmunicetions system according to
Claim 2 wherein said at least J mobile wireless
communications devices each comprise an internal clock
for setting their own timing to correspond with the

time aligned slots.

4, k communications system according to
Claim 2 wherein said fixed communications device
conprises & tramsmitter for transmitting a synch signal
s0 that said at least J mobile wireless communications
devices can set their own timing to correspond with the

time aligned slots.

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

at different power levels.

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

system is conflgured as a cellular network.



at least J mobile wireless communications devices transmitting at a same
time, where J > 2, and each mobile wireless communications device
Wt(gazraﬁgfmyag a source signal defined by a respective Charac%%?ﬁ}smoﬁegg 134
comprising a plurality of symbols, and at least one of the symbols'in the
respective character set being transmitted at a different power level so
that the transmitted source signals from said at least J mobile wireless
communications devices appear with at lgast Li to Lj linearly independent
power level time periods, where Li > 1 and at least one Li> 1; and
a fixed communications devieenfor-separading soweensignalsjerovided by
M signgl aairdes, MRIE M2 ALY A} MODIE WISIESS, 1 on
communications devices providing J of the M source signals mclud?ng up
to (IA*S¥ IMmeTPRtRPR et gowerlever init pafidbbisssafd fixedd
communieatiansdeMies casyisingurther @hARIGANA ArrayxeeMprising
N antepna, elements for regeiving,ahieast M differept summations of the M
source signals, where N >71, areceiver coupled to said antenna
array fOf FECSVing B P eest N affeteRt SBnhatishs b tRe M sotrcen

signals; antkmi s s i onasignakseparptipn-peacesspreoupled o said

recelverJor founing 2,0ixing Mmatfx comprising the 2L ieast N different
summations of the M source S|gnaﬁs, the mixing matrix ﬁawr% a rank
equal tb%0rgfeater than (Li*A*LJ)*N, said signal separation - 57 -
processor for separating desired source signals from the mixing matrix.
2.A communicationg. systgm accordiré%to Claim | vgherein said.at least LT
. . . comm%Pl Tions ?ﬁs ﬁm aCCﬂr?lﬁ% to
mobile wireless communications devices use time aligned slots
transniftifgfthé sedEeisighbfs. feedback acsmmhnericaiohssystame of

according {e Ghaima 2owherein-said:atleast J nmabile Wikelessce of the
communications devices each comprise an jnternal clock far settjing their
o ST 15 CollSSonel s 1hs G ShgrctSgts e Shemi ceed Ht. the

different power level.

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

correlated antenna elements.

10. A communications system according to
Claim 2 wherein said N correlated antenna elements
comprise N active antenna elements so that said antenna

array forms a phased array.

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

forms independent sums of incident signals.

12. A communications system according to

Claim 1 wherein at least two of said N antenna elements



4. A communications system according to Claim 2 wherein said fixed
communications device comprises a transmitter for transmitting a synch
signal so that said at least J mobile wireless communications devices can
set their own timing to correspond V\[ng] the time aligned slots. 5 A
communications system according to"Claim | wherein for each mobile
wireless communications device, the amplitude of each symbol in the
ar«<haractersetiscanstant with aideast twa of thesywnbols-being-at ving at

1 JIfetent POWer leVelS; ¢. v on . &&BW&H&C%P%EHI%‘&%%Q@Eng%%s .,

Claim 1 wherein said fixed communications device is part of a base

station so that the communications system is configured as a cellular

network. -158 - A comifuk communicationsrsystem @ccording-icClaim |
wnY¥herein each-mobile.wirgless communications deyice comprises.a. a

receiver; and wherein said fixed communications device further comprises
T° P fikéd transmittérfor Proviting TeedbacR 0 dacty idbife wirdiggs™ =ach
ancommunicatons device vin saickigeeivers opspansmission=gfitherat lehsthe
v onesymbolinihe respectivecharacter.sets atithe.different power.levels,.,
. 8. A communications system according to Claim 7 wherein the feedback
e mprises ati8asfhe E?&d’jﬂ%ﬁﬁ%ni’%gﬁﬁg%%%vére [evel, and a sequence
of the symbolsiwithin tharactersetsibeingtransmitted af the differentand
quowerlevelorponen?. Asg@mimunications system aceording:to-Claipkhcions
E%r%ln 53]19’: N asrlteplnilse_legnn%ts comprise N correlated antenna
ements. 19, A communications system according to Claim 9
wherein said N cotEslated aptéiina Slemetits TOTHPASEN BEtivesartentize
ma ©lementssoi thaisaid aniepnazamay farmsea phasechaiayons or Ade A
sofPmmunications system agcording fo Claim 9 wherein said N correlated.
antenna eleménts comprise at least one active antenna element, and up
Preg i pasdsivardntentis eldments sothaf 3afd Antérin& &ifay forms -
1ihnrdependentsums:of incident signdlstime pel2odecommmunicatioris:

=1 SYstem.according ta Claim, 1 wherein at least two, of said N.antenna,

elements

ofé%

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

salid receiver receliving at least k*L*N different

summations of the M source signals; and



- 59 - are correlated and have different polarizations for receiving at least
two of the N different summations of the M source signals. 13. A
communications system according to Claim 1 wherein said fixed
communications device further comprises a respective in-phase and
quadrature module coupled betwee ®dch 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; said receiver receiving the at least N in-phase and

quadrature dmpor&itsétefor the 4t IRAREREditferEht Bunfmatib e of the
na tvisourcersignatsy and: at leasaidksignial sepasation prooessorformiAgthe

w dbg.mixing matrix comprising, af least 231 1N different symmations of the M
source signals, with each in-phase and guadrature component set
I HFGGHdING 2 Thplits fito the mixing matrix for each of the L linearly

independent power level time periods, and with the mixing matrix having a

s O
rank equalto or gregter than 2eL N, oo o 14, A cOmmunications,
system according to Claim 1 wherein said wireless communications

whiddiice %ﬁ?tﬁe?%%?ﬁﬁﬁs% eodedeshreader cotipted bstvesirsa-Neras.
sa iantenhanelementsyand-said seceiver for decoding the atdeast-Ndifferent

se SUMMAtions.of the M source signals, each.one of the N different,

. summations including k codes for providing k different summations of the
LiSourt Sighale AithE tinedily tiepehdett gower fvel tifie Pétidds ™21
ant@ssociatedctherewithyhat at baid receivers deéceiving at deastkid N

suifferent summations of the M.squree signals; and. ; 6Q.z,.y,,  said
signal separation processor forming the mixing matrix comprising the at

least k*L*N Hiffereit Suimatisits of e Msolirte Signarst i Mixing s °f
themidtrbe having adanksequakio ohgréaterithank*rtNznna patterns, and

recelving the at least one additional different summation of the
M source signals using the at least one additional antenna
pattern;

saild 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 egual
te or greater than L*N plus the number of additional different
summations of the M source signals times the L linearly
independent power level time periods using the additional antenna

patterns.

16. A communications system according to Claim 1
wherein sald signal separation processor comprises a blind signal
separation processor, and separates the desired source signals

from the mixing



15. A communications system according to Claim 1 wherein said antenna
array generates N initial antenna patterns, said antenna array comprising
jon controller for selectively changing an elevation.
W@f%ﬁéég W#ﬁgal antenna patterns for generating at least one a%ﬁ%%%%g&?ﬁ
antenna 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 gignals using the N initial antenna
patterns, and receiving the at least one additional different summation of
the M setrce:signadsiusingthel akleastronerddditional antenrapatienn;
said signa} separalienprocessas JRKTing fassmixing.matd comprisiag e
N different Summations of the M source signals and the at [east one
additionf différeht stiftmatidRrhe Mt<6drcésighals, for each of the L
linearly independent power level time periods, the mixing matrix having

the rank equal to or greater than | *N plus the number of additional

different summations of the M source signals times the L linearly
indepentieht poWSSEVEPtiAf! PefbBRsifG RS Adthitiorl Afenna
patternsparates lithdA comimenications: systenz according ttoClaimilng
wherelpeale, SI00al. S RAraloR BIPARRON COMRYISS BN §00n L
separation processor, and separates the desired source signals from the
mixing® ¥ 612t Baleti®sn at least one of principal component analysis
RCA), independent component analysis (ICA)[ and single value

decomposition (SVEY.  » oddfiuf CQTYBURICRIQDS SYSIEM.AGG0YdINg to

Claim | wherein said signal separation %%rocessor separates the desired
source Sigials fréff ife ikt matAR basetF 6 ARAGWRIRSE BaSEd
processig signad extraciioniprotessurce sidBa Ascammmunicationsing

system.acequding fo Claym ] wihgrein said,signal separation arogessar

separates the desired source signals from the miﬁ&g matrix based on a
combirfafor bf SKAGElTe BA8EE $igidfestr &t pfocees aRRAbIid °»

signal sepaeation process. 19. A method for operating a
communications system comprising: transmitting at a same time at
least J source signals from at least J mobile wireless communications,

where J > 2, and edéh mépfEWidledS EoRRtAICRBDMR defiganications
transmittingean sourge sigived defined by a respective character set

comprising a plurality of symhqlg,and at least.one of te symualsjnihe, ..

respective character set being transmitted at a different power level so
that thé tishitet o dree SiGRAISIBAY tHE I'MOBIE Wrélgggunscations,
commuitieatons tdevjces:appean withhat teast +4 te djslineamhy:independent

power Jexgl time periads, whereallsz d-and & least g Lz hpnd
respective character set comprising a plurality of
syinbols, and at least one of the symbols in the
respective character set being transmitted at a
different power level so that the transmitted source
signals from the J mobile wireless communications
devices appear with at least Iy to Ly linearly
independent power level time periods, where Ly » 1 and
at least one Ly > 1; and

separating at a fixed communications device

source signals provided by M signal sources, where M >



separating at a fixed communications device source signals provided by M
signal sources, where M > - 62 - 2, with the J mobile wireless
communications devices providing J of the M source signals including up

to (Li*rm*LJ) linearly independent power level time periods, the separating
comprising receiving at leatN Tifferent summations of the M
source signals at an antenna array, where N > providing the at
least:Nediffexenty supynations-of theM-saurcei signals to aseceivercoupled
to the antenna array, and ._forming a mixing matrix comprising the

a9t |85.S%1R|edl erent %%msrﬁ fions cﬁﬁ%eﬁsgguruc% éicggna s‘?k't'he(JZ f%]iXJirJia @n%qé%!:?]x
ha\ARg A famk defigt fo b Greatef thatf tNdandUsingssigifalseparation
pracesser for separating desired source signals from the mixing matrix.

20. A method according to Claim 19 wherein the at Mast J mobile wireless
communications devices Bisg-tihecaligned siotsfoF trahsmitting thesource
signals. ot tne2l1 Amethodsageerdingdo:6laim:20 vwherein fhe.atdeast; >
J mobile wireless communications devices each comprise an internal

clock for setting their own timing to correspond with the time aligned slots.
providing the at least N different

summations cof the M source signals to a receiver
coupled to the antenna array, and

forming & mixing matrix comprising the at
least N different summations of the M source signals,
the mixing matrix having a rank equal tT0 Oor greater
than (L;*.*L;)*N, and using a signal separation
processor for separating desired scource signals from

the mixing matrix.

20. A method according to Claim 12 wherein the at
least J mobile wireless communications devices use time aligned

slots for transmitting the source signals.

21. A method according to Claim 20 wherein the at
least J mobile wireless communications devices sach comprise an
internal clock for setting thelr own timing to correspond with

the time aligned slots.

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

with the time aligned slots.



22. A method according to Claim 20 wherein the fixed communications
device comprises a transmitter for transmitting a synch signal so that the

tg 0%%}7,; mobile wireless communications devices can set Wt%%b ‘
W 1 . . ) ! 71088134
?m?ng to correspond with the time aligned slots. - 63 - 23, A

method according to Claim 19 wherein for each mobile wireless
communications device, the amplitude of each symbol in the character set
is constant, with at least two of the symhgis being at different power
levels. 24. A method according to Claim 19 wherein the fixed
communications device is part of a base station so that the

communications system ig ceofigiied 4,3 LEIMIAT NSO, 19 ywhe 221 A

method according to Claim 19 wherein each mobile wireless
commuiitafiBi d&ide RoMigriees™s rERBR SAG VIR S1F 116 Sixetie
commumnipaticnsdevice futhervobmprise sth ¢ixeddravsmitterdor providing

feedback10.gach makile wirelesseompupicationsdeyice viathe s a:

receivers on transmission of the_at least one symbol in the respective
character S&ESt R efE e Sower levels. 26. A method

according to Claim 25 wherein the feedback comprises at least one of

adjustment of the pgyer lgvel. andsa sequence of.the-symolswithin < s

character sets being transmitted at the different power level. 27. A
method BRcoIdifG (o EMIM £8 Witdreif tie 3¢ anteritid Eldhefitd&5mprise
N corredated antenna elemehts. commun i2@.tA nethadaeeording to Tlaimed

27 whegginthe, N geurelated antenna elements comprise N active

25. A method according to Claim 19 wherein
each mobile wireless communications device comprises a
receivey; and wherein the fixed communications device
further comprises a fixed transmitter for providing
feedback to each mobile wireless communications device
via the receivers on transmission of the avr least cne
symbol in the respective character sets at the

different power levels.

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

level.

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

elaments.

28. A method according to Claim 27 wherein

the N correlated antenna elements comprise N active



- 64 - antenna elements so that the antenna array forms a phased array.
29. A method according to Claim 27 wherein the N correlated antenna
elements comprise at least one active antenna element, and up to N-1
passive antenna elements so that the antenna array forms independent
sums of incident signals. 30. A method according to Claim 19
wherein at least two of the N antenna elements are correlated and have
different polarizations for receiving at least two of the N different
antSUations of the M source,signals,. .., .- A1 4 Method.accarding fo,,
Claim 19 wherein the fixed communications device further comprises a
respective in-phase and quadrature module coupled between each
antenna elementzand: the deceiver dJongeparating each ohe of the e N

<o different summations of the M squrce signals received therehy inoan cna
in-phase and quadrature component set; the receiver receiving

° 1 4feTHr 1eA5E N'in-phate akd Yuatfattite Componaitt sets 1or the at [édst N
anigifferertrsumniations ofthevBource:signals; and. dent sithe signal
separation processor forming the mixing matrix comprising at least 2*L*N

different summations of the M source sigtnals with e_gch in-Lph,ase an
. A me%ho? acc%Fdlng. o) giawm 1Y wherein B cast
quadrature component set providing. 2 inputs’into thée mixing matrix for

tweach ohthd Laliiearty independenepowerievektime perotsyandWitlithe®

no MAXING Makix having.adankequal toargreater tran2 LiNa i t65 rent

32. A method g,ccopging to Claim 19 wherein the wireless communications
sunmrat1ons ne .sour 1

T ca 1 213,
evice further comprises a codé %%spreader coupled between the N
antenna elements and the receiver for decoding the at least N different
summations of the Mesource: signals,reach one:efthe Nvdifferent the tfixed

coékﬁﬂqgg‘¥5%§"%%%§‘ k9998§59r£%8¥¥¥99§<9”@%9”&§HE¥939998§§QQeénd
M source signals with L linearly independent power fevel time periods

quabspcidteditierefiitturled bele feceivar telBiving at fe&81R a*Ridifferént

re Stimmations etthe M sovree signals; andche N different summations of
the M source signals received thereby into an in-phase and
gquadrature component set;

the receiver receiving the at least N in-phase and
guadrature component zets for the at least W different summations
of the M scurce signals; and

the signal separation processor forming the mixing
matrix comprising at least 2*L*N different summatzions of the M
gource signals, with each in-phase and guadrature component set
providing 2 inputs into the mixing matrix for esach of the L
linearly independent power level time periods, and with the

mixing matrix having a rank equal tc or greater than 2*L*N.



the signal separation processor forming the mixing matrix comprising the
at least k*L*N different summations of the M source signals, the mixing
matrix having a rank equal to or greater than k*L*N. 33. A method
according to Claim 19 wherein the antenna array generates N initial
antenna patterns, the antenna array ‘comprising an elevation controller for
selectively changing an elevation of at least one of the N initial antenna
patterns for generating at least one additional antenna pattern so that at
least one additional different summation of the M source signals is
received thereby; the receiver receiving the N different
summations“of thé MeSGHhee sighals- USing the NEnitidl ahtetmiapaterns,
wiBnkeeceiving the-at least one additionalidifferent.surwaationofthe M
aeSPHLGE Sjonals usino. e aLleast one aqilinal anienng. paier; ..
the signal separation processor forming the mixing matrix comprising the
TERF ditfféret SUtRnTaticis ofthé M setfce BigHdls i the dileasrare ot the
¥ addittenaldifferent sammationcaf the-Muisaurce: signalsfereachs 66 - of
indhed; linearly lndependent power level fime-perigds, the mixing matri, .
having the rank equal up to or ngeater‘than LIN plus the number of
offtenardifforEnt Sumtions of theRPSa(Tce sigtals titfés the toe
relinedslysinsdependaht power level time periods using the additional antenna
patterns. cne -o34-Amethod accarding to.Claim. 19,wherein the signal
separation processor comprises a blind signal separation processor, and
S gparatss fﬁe degired’slirce Sigials frori the mixing matrix based on at
least one dffprincipat compieneritianalysis-(RCA), independentcormponent
ma @Ralysis(HeA): and:gingle-value.decemposition dSMD). s urmat i 3B Az the
" method s sterT according to Clalmf19, wherein the signal separation
! BroEeSsSr €8parates the désited  burs slgafan M niixiifg matrix ©
grpased onrae knewledge based processing signal extraction process.
36. A method according to Claim 19 wherein the signal separation
processor separates the desired source signals from the mixing matrix

based on & combin&6on ot £kroWied§e Basetfefnal extractioh protess
antgntha blind:signal separationiprocess. antenna patterns, the antenna

array comprising an elevation controllier for selectively changing
an elevation of at least one of the N initiszl antenna patterns
for generating at least one additional antenna pattern so that at
least one additional different summation of the M source signals
is received thereby;

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

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

the M source signals, for each



of the L linearly independent power level time periods, the
mixing matrix having the rank equal up Lo or greater than TL*N
plus the number of additiocnal different summations of the M
source signals times the I linearly independent power level time

periocds using the additional antenna patterns.

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

value decomposition (SVD).

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

signal extraction process.

36. A method according to Claim 1% wherein the sgignal
separation processor separates the desired source signals from
the mixing matrix based on a combination of a knowledge based

signal extraction process and a blind signel separation process.



