UNDULATING TRANSMIT PATTERNS TO SUPPORT SIGNAL
SEPARATION AT A RECEIVER Field of the Invention [0001]The present
wiRRlionselates to the field of signal processing, and moremRaitigalarsd@ro
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 - 2 -

UNDULATING TRANSMIT PATTERNS T0 SUPPORT
SIGHNAL SEPRRATION AT A RECEIVER

Field of the Invention

[O0013 The present invention relates to the field of
signal processing, and more particularly, fo separating
desired source signals from a mixture of source signals

using signal separation techniques.

Background of the Invention

[oco2] 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 (BS8), 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 combinaticn of 2ll the voices in
the room. Blind source separation 1s particularly
applicable to cellular and personal wireless
communications devices, where many freguency bands have

become cluttered with numerous radio freguency



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

W ?}{&J;apwt of low power, unlicensed wireless technologiesSygEha uss119

uetooth 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 firstzanrd second moment statistics of
the source signals, and is used when the signal-to-noise ratios of the
sourceBigitHs are MigisrOdrewwse LIOA is uselswhRRPEINYDAS-PTA The
processing fellowedhy- thikd,and ferithraoment statisties of the spuice
signals. As an alternative, SVD may b.etgs%gl to egaiate a source fi%nal
from the hiikture of Sédrce sﬁgﬁg Cpase upo% fheir eigenvalues. ~°
[0005Regrdleusldfrssing S sepw alioe lodisiguetiat #5 applied,
a plurlﬁtgﬁﬁ&fmogw H%_EQé?éSE@B&@adéff&f%lat mbdees of the source f
signals from the various signal sources. sensor.outputs a mixture o
the so Pc?ecggﬁgnals?rv&\}ﬁﬁ:% f%oému(ﬁ?q e%ﬁ?ndicp%len%oﬁ% nggnsa?galﬁatwn
generdle bothi tve shantebebeffictadtscame tie dEHghE Bt iree SigAals are
unknowiig theseaseivennddige HRickes 3yas:of cigRaissare Ysadto Dopriates
a mixin% matrix. ,T@,e apprqpriate bPIigd signa se artationttechéﬂgue IS éhen
applied 16 WRIKING Tatfix1or separatiig dedied Coutee BiGnaR M the

mixturawaiaoures HigralscJ00061AS arrexanphd 8. Parid Ng. used

6,799,110 fisclosss dhesaparationofan independant spuice sSignakftom

a mixture of source signals usingII&A.‘A pluraéitxﬂ(})f Sensors {teceivg tRe

mixtur&%t d6tile s?é:naelg‘,"éﬁa'a procéLg’sc}’fstg es sja?npllé%vo & mixtlre -

3 - of smwcessignalsipldratime and stored @ach Sampid asogeita vector to

create 4 data set £agh $60SQbQURULS yMUxre ofdhgsouee signalse,
which is a unique sum of the source signals. An ICA mo%lélﬁ %erform an

indepe%%%ﬁ?ac‘érﬁﬁoﬁgﬁfjaﬁgly%% B e ddtd V8 (Ts 6 %eparafeognt ©
indepemidentsourde sigrraidrormasthes Sigrnals inthe niixede sfgsuncelues.

signals. @98y IThe sepseLs ake spatialy separatess ram ogegnathesand
the processojrd%enerates only one data vectgr for each respective sensor
to creat8 THB AR et Tha 1 78 ateht afdaigtbststhat tie MmiBer 5t

sensorssids ey uat te oy gréataithanttheiximbes ofSothees iz, N =M

for populating she data set. ALroblemyith suchan-implemeatationishat
as the number of sources M increases, then so does the nunmber of

sensorNPShTalf pBrAbRE EofimiiRitatidre Feiade hiave IHHaAvat

&Gvaiiabfe
volume: fura ¢argamgrh berof semsors N, gadd mourlting tire sehsoks>th thbe

outsidepf the comyprications.davigesiis agrpblamifosdigdisessgnals
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 socurce signals.
[0008] As an example, U.5. Patent No. 6,792,170
discloses the separation of an independent source
signal from a mixture of source signals using ICA. A
plurality of sensors receive the mixture of source

signals, and a processor takes samples of the mixture



(00013]U.S. Patent No. 6,931,362 discloses another method for
separating signals using blind signal separation. The disclosed blind
W% ngg[ e %ration technique forms a mixing matrix with hybrid .
ma?n%—pencil adaptive array weights that minimize the mean"ga(}éﬁ%’él?’“”l“
errors due to both interference emitters and Gaussian noise. The hybrid
weights maximize the signal to interference plus noise ratio. As with the
'170 patent, the sensors are also spatially separated from one another,
and the number of sensors N is equal to or greater than the number of
sourcesMdon populatingthe mingrmadrixaoseovess eackSeasdie as a
provid ingle.input to iXin trix resulting_in.a larger volume
area fc?}tcg aégsolﬁ}t%(g};eggo%h%né%%:ga%%nf e%ge.s EB§4 [I%OCQT‘I%%%%%? 5] rtg%uts
mixing IBFHERER AdtethfinES WHYE nfarf sihalsBafactaaty weique sum
separatgd thiee dargetdhe ranki the marersignalsdihas casdye sepasated. A
mutipal sigaglis heneliciabinbal ilaai be usedopgpuiate e i
matrix, as long as the multipath signaﬁ i mé‘epen ent in some measurable
characféisticd Mu i atth BREARS Re P 8§l e ddtataisipis ek e x
encourdegs obstacies ikakcatse  torsplihimtosmediiple mersions, each
taking aifferent path to_an intended receiver. [Q010]However, the
oy i & e MR 55 G e Shiott 58 FRa e e
reach theSRiETdedPEcéer RERYIRHA)CHTTt b hserfard withotert a
receiveek sysbots rAkaifiativelyavultipathdnay Aot ever-exist bgiwggn he
signal rce the intended recejver. As a.consequence, the number
of Iineagr%l;é ihde%ﬁegndeﬁn-{%si r?({éleéll}maseirsegeﬁesdp%;? e ?ﬁlt%%%e%hr%c%?\%e ormf
both oftfREerEadbs MFANGLbE @ rivudh &5 pepulatethd raixintphsatri for
signal sepatadiony Sumagryiofthe Inventiopu [QALHIN view @ithe set. a
foregoing %%?r‘gy d, selgnl%odalm%rr}‘tsl%f mtgr?t%resgnt insvetq)tg)n sgelélg%
genera%e inearly In epenaent sighdl sums 50 that an infehded fedéiVer

can poptidtera ffixitreriedtx Yo Bvarfesive suficient forisighar Beparatio:

processiNGensors N. Small portable communications devices
have little available volume for a large number of
senscrs N, and mounting the sensors on the outside of
the communications devices is a problem for the users.
[O00RB] U.5. Patent No. 6,931,382 discloses another
method for separating signals using blind signal
separation. The disclosed blind signal separation
technique forms a mixing matrix with hybrid matrix-
pencil adaptive array weights that minimize the mean
squared errors due to both interference emitters and
Gaussian noise. The hybrid weights maximize the signal
to interference plus ncise ratio. As with the ‘170
patent, the sensors are also spatially separated from
one another, and the number of sensors N is equal to or
greater than the number of sources M for populating the
mixing matrix. Moreover, each sensor provides a single
input to the mixing matrix resulting in & larger wvolume

area for a portable communications device.



[0012]According to the first aspect of the present invention there is

provided a communications system comprising at least one fixed

transmitter and a mobile wireless comrnmurhica_tions device. The transmitter
may transmit a source signal defined by a character set comprisinga -5 -
pluradityod ;symboats,canekatideast onesohthe isymbeds: inithe oharaciersetmines
may be transmilled at a sd‘ffea[e”%%of"&%r lpyelso that %hﬁat{%rasmittﬁﬁe larger
source S|gnaP/appe%rs with 1 finéar y m%leﬁen(?en% p%wer evel time 9
peribds, where L 12 [0013]Thedamd sindoktionaas bsedhersirithds A
refefs o transmitpatiern cortoyes,with vagying gaing which may opmayseq
not display degrees of symmetry. This is accomplished by at least one of

the SyBORTNIRE chiracier'selbeilig amemtied A e ferent poldt - 1p=T5
leved sorthat the tiansepitted sourcersignaleaappearsiwith Ldinearly

independent power level tigye periods, [00141The mobjle wirgless, . 4. -

communications device may separate source signals provided by M signal
sources ihere MPS ZRRdUHtPe traTsrAfief providitg BRE B tHe M-©
sourgel signalsowithntiesli inearsindepergent ponver dgviet ime pariddsrent
The wii_[%legs communicatg)ns device may comprise an antenna array

atr an lhtended réeceivey, .
corr?prlsmg N antefina elements Tor receiving at least N different
sumirf&iiéiis of theWSoakoe SighalsyWhere Ny LA redeilierlis tpapled to

the antanne arsay for receivingrihe atleast Nedifferept summations:of dhe « e
M source S(Jr als. 0015%0\ signal separation IEzrr?oc ssor ma\é be coupled to
IS

the TECEVETor FSiing & mixing Matticcomprising the AF1BSSN ditferant’
sumirhationsetthew soafeelsignals. Fhé enixiag imathiy hasal tankegguaha y

to at laast LN, and the signalasparation.processqrinay. separate desired
source signals from the mixing matrix. [0016]As a result of the transmitter
genéﬁﬁﬁ@ﬁ?d receiver. ~As a conseguence, the number of

linearly independent signal sums received by the
intended receiver for both of these cases may not be
enough to populate the mixing matrix for signal

separation.

Summary of the Invention

[0011] In view of the foregoing background,
embodiments 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 1is provided a communications system
comprising at least one fixed transmitter and a mobile
wireless communications device. The transmitter may
transmit a source signal defined by a character set

comprising a



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 - 6 - of multiple si%nal sums received at the

receiver can be used to populate the mixirg matrix for signal separation.
[00birrereating dife igedrh/iindependerit powes tevet dimetparicdss theoo L s
amplitude of each symbal in the character_set may. nstant, with-at &
least W%%oef tﬁe% %)%raﬁ %srbéﬁg tr%%grraﬁ)ttée(}: %taé}ﬁ%}l%%?égw%glegv:% sren
[0018]7he ateast one fixed transmittercmay betpatt ofabase stativhlso

that bg commynicgtions systemyis copliayed ps-a cplRLnatuok 18 e
anothier embo&{lment, the at [east One fixed transmittér may comprise a
pluratityicfdixeduirsmseitters, and wherein a coverage area associated
withiheqpase statign.may be divided o Sectars. AJESPEEIVE fXedihys
transmitter may be associated with each sector for transmitting at least
onerdf e Syinbolstinthe Faspective ERarstiercsss av' a iffefe st/ powedains,
level, (00191 The %ﬂﬂ@@l%@@%ﬁ@g\{m@xg%@g comprisgratleast this
one fixed receiver associated with the atleast one fixed transmitter, and

wher&inthe Wikdldsd e6mAilnidatibfis Hevienay firifer tomipstise & the

mobile-transnaittes for pravidingdeedhack-todhe at leasy oredixedt power
transmitter via the at least one fixed receiver on transmission of the at

least BVi& syRthdt it the-Bfarh &t SR &t RE FifereRtpSwerieFRRiga xS

feeqdback may camprise adjustmentelibenower level-and aisequence af .
the symbols within character_sets being transmitted af the differerg é)ower

level48643] The sigials¥paration processor AT EompRse 8 Hling igat
sepaeationgrecessorcand separate ihecdesired source sigpalsiframthees,
mixing matrix based on at least one of grincipal component analysis
(PCASihdeperd tc%ﬂ‘gpo‘"ﬁleﬁ%a %I?/sig)i E)I?Ja%%ng%?/g u%e ng one of

the M source signals with the L linearly independent

may

power level time periods. The wireless communications
device may comprise an antenna array comprising N
antenna elements for receiving at least N different
summations of the M source signals, where N > 1. A
receiver is coupled to the antenna array for receiving
the at least N different summations of the M source
signals.

{00158} A signal separation processor may be coupled
to the receiver for forming a mixing matrix comprising
the at least N different summations of the M source
signals. The mixing matrix has a rank egqual to at
least L*N, and the signal separation processor may
separate desired source signals from the mixing matrix.
[001€] As a result of the transmitter generating L
linearly independent power level time pericds from a
single source signal, multiple power level versions of

the signal are created so that a corresponding number



- 7 - decomposition (SVD). Alternatively, the signal separation processor
may separate the desired source signals from the mixing matrix based on

wh m%y‘\{]’q%g]e based processing signal extraction process. [Q:Q%%J;Q&n 088119
antenna array at the receiver may be configured with different antenna

configurations. The antenna elements may comprise correlated and/or
uncorrelated antenna elements, wherein each element provides a single
input to the mixing matrix. Alternatively, & portion of the antenna elements
may have different polarizations for populating the mixing matrix.

[0022]|EAhantsiritsThayde mane wetid uatermia thafigarationsrsathabe
additiopakar feplasement-sumamations.ef the seuree.sianals aie collected
to further populate the mixing matrix. Array deflection may be used in

which fHeF &feVatidh of the antenna patterns is changed for receiving

additioh@Ps@mmatidns ©f¢he Sourtd sigralsa j0023[Pdebselectionpmayrbe

performedeso thatalbekthausunmimatians of thesogfce signalshised 10, tne
populate the mixing matrix A have suitable correlation (1st and 2nd

momelTta} SHd8F stitistially 13 48R AR thotfictis Pindeitid et dife e
In othet yatnalss the ingidentsigridls ede el détiisly oho semder réesiving

new supawaions obihe seuica signals e erlace thesummations that are

not correlated and/or statistically independent in a suitable way.
[0024]8fral %ﬁlﬁ’tiﬁ’j‘?& fkHer Popfatifg th& Mg has e
perforrmgdt Pheigifferarit sumeration sigrdl$nhay beespiitnising Spreadirige -

codes.dhacimmmation slgnal hassk speerdipg,.cdes. dhen that pagtigular

summation signal maX be processed to provide ,
comprise & plurality of fixed transmitters, and wherein

a coverage area associated with the base station may be
divided into sectors. A respective fixed transmitter
may be associated with each sector for transmitting at
least one of the symbols in the respective character
sets at a different power level.

[0019] The communications system may further
comprise at least one fixed receiver associated with
the at least one fixed transmitter, and wherein the
wireless communications device may further comprise a
mobile transmitter for providing feedback to the at
least one fixed transmitter via the at least cne fixed
receiver on transmission of the at least one symbol in
the character set at the different power level. Tha
feedback may comprise adijustment of the power level,
and a sequence of the symbols within character sets
being transmitted at the different power level.

[0020] The signal separation processor may comprise
& blind signal separation processor, and separate the
desired source signals from the mixing matrix based on
at least one of principal compconent analysis (PCa}.

independent component analysis (ICA), and single value



- 8 - k summation signals associated therewith. The different summation
signals may also be split into in-phase (I) and quadrature (Q) components

wt8 ;H(thhej;r 99pulate the mixing matrix. The | and Q components thus ?_g:t as.
a muﬁll%lf f'of 2 for the mixing matrix. [0025]Another aspect %?Tﬁ%sﬁ%é%ﬁl“

invention is to apply the above-described concept of transmit pattern
undulations to spread spectrum signals. Accordingly, there is provided a
communications system comprising at _,I_ea,st_'one transmitter for
transmitting a spread spectrum source signal defined by symbols, each

symbolgaspgsing-agqiuradivy, of chips:baged upon,a sprgading,eqde. A
portion soj th%act_hjp%j witrhci’n gsa?ggrs%mbol maé/ b% tratnsmi ted at different
power [BVBIS 56 that fhe franamitted soures Sigial AppESra WRA L rRgSy
indeperdénepswer davéitimeigerisdsavkdre bastdand amobielwiretess
commupkGalions-device:ifios sepanating sorkee signalsqureyided by M signal
source'jl,ﬁ\gggie M >T%I,e agg é/vitkrllsaidrgta Ieagg_ one transmijtter providin%one
of the M sGUifce signals with the L. fineary mde%’eenoreerﬁeﬁévﬁér PR2! Bifne
periodss®afd grrddsy tombbfcaions davierrsompriSigpan tinesna The

array canyuisiag N antenna elsmesiy farsecebing aldeastNdifierent
summations ngtM sourgeensnignais, where N > 1, a,receiv%r]c%pled to

0
said anteiiva array Tor recening the At ease N'HfERR SifithaticHeSfthe

M sourB&aWsies, andiasigmal wephrstion iprordsdaccowsiedi®o said

receives fekforaing.a pixngmathix cogrrisingdheatlaast Mdifferent
summa}tligns %fitpg M squrce signals, the mi%dn matrir having a rank

° 67 Bty <19

equal to A eSSt ,élaldpsc?:’gtﬁa Szeagé'rpar%lson fodeeRb
desired®darce-signals from the mixing matrix. - 8a - Brief

Descriptinypef the Dianinge 002517 bis aflack diagran of antypical
operating r§&an‘§;1rrio,t_‘i{1 which atct?rgmuﬁ(:%tions evige receives desired
and un§eSirad G TR o thei e shectiva Bignal o idRs 3R b dance

with thes pragdricingenfionNfOCETHFIG. 2igmaimreetaied digeki diagram
of the camaniclions deviogshawnind e d: 10028} 3 i@ readmap
Ofthecgg%“%g used in which the elevation of the antenna
patterns is changed for receiving additional summations
of the source signals.

[0023] Path selection may be perxformed so that all
of the summations of the source signals used to
populate the mixing matrix A have suitable correlation
(1°° and 2™ moments) and/or statistically (3" and ¢
moments} independent wvalues. In other words, the
incident signals are selectively chosen for receiving
new summations of the source signals to replace the
summations that are not correlated and/or statistically
independent in a suitable way.

[G024] Signal splitting for further populating the
mixing matrix mav be performed. The different
summation signals may be split using spreading codes.
If a summation signal has k spreading codes, then that

particular summation signal may be processed to provide



approaches for creating the linear independent summations of the source
signals for the mixing matrix in accordance with the present invention.
[0029]FIG. 4 is a block diagram of the antgnna array configured as a
switched beam antenna in accordance with the present invention. -9 -

[0050fRHE"8 i< AThIGACdAG M DF tie-ahtefind AFEy thnfiguredfasia tferent
phaseehartayin accordansenaith tiespresentsipyemtion: {003HFGa6ds a 1)

block diagram of the antenna array configured with polarized antenna
elefientSiteaccdtddrice With HEBRLERE AVERtioT [OOSR PAEL S the
3-dimensignal:platiillustrating the use af tri-palasization ircaccordance:with
the&ﬁ %?Eﬂ?ﬁ?“@?'z for the mixing matrix.
{0025] Another aspect of the present invention is to
apply the above-described concept of transmit pattern
undulations to spread spectrum signals. Accordingly,
there 1s provided a communications system comprising at
least one transmitter for transmitting a spread
spectrum source signal defined by symbols, each symbol
comprising a plurality of chips based upon a spreading
code. A portion of the chips within each symbol may be
transmitted at different power levels so that the
transmitted source signal appears with L linearly
independent power level time pericds, where L > 2; and
a moblile wireless communications device for separating
source signals provided by M signal sources, where M >
2, and with said at least one transmitter providing one
of the M source signals with the 1L linearly independent
power level time periods, sald wireless communications
device comprising an antenna array comprising N antenna
elements for receiving at least N different summations
of the M scource signals, where N > 1, a receciver
coupled to said antenna array for receiving the at
least N different summations of the M source signals,
and a2 signal separation processor coupled to said
receiver for forming a mixing matrix comprising the at
least W different summations of the M source signals,
the mixing matrix having a rank equal to at least L*N,
said signal ssparation processor for separating desired

source signals from the mixing matrix.



[0033]FIG. 8 is a block diagram of a communications device with an
antenna array comprising correlated and uncorrelated antenna elements
for providing different summations of signals for blind signal separation
processing in accordance with the present invention. [0034]FIG. 9 is a
block diagram of a communications deviéé operating based on array
deflection for prowdlng dlfferent summatlons of S|gnals for bI|nd signal
separation processtgis Siavzials S N1 HPF )
[003560l% 110 is higek d@gaa.«m of @%ﬁ@hawgémna%tfngaw&%%l
elevation controller for selectively changing an elevation of an antenna
pattBRERPCCORd &t e it thel pre€BACRVeNn i OUB6IRIG. CHisist i ce

anternaplotiiusieating-an antennagatter in the azimuthedirection and

then rotated in the elevation direction in response to the elevation
contrifdtifistife & HPERS. F (UFFARIG M ARIOBIBER Bfagrafoftare

antqmtas@gamemm@thﬂbRF choke formed in the ground plane for rotating
pattern in the elevation direction accordance with the present

the
|nve @? 038]FFé 134s aDIGcK GihGrarh ofa tofhmdricktichs dente ©f
opeﬁnmgﬁﬁmmhmtpa&b&ﬁe@émlce shown in FIG. 1.

fopas} FIG. 3 is a roadmap of the different

approaches for creating the linear independent
summations of the source signals for the mixing matrix
in accordance with the present invention.

[0029] FIG. 4 1s a block diagram of the antenna
array configured as a switched beam antenna in

accordance with the present invention.



- 10 - for providing different summations of signals for blind signal
separation processing in accordance with the present invention.

Ogo%g 51/99714 is a block diagram of a communications dew%%ﬂ%?ﬁ%mfnw

ased on spreading codes for providing additional summations of signals
for blind signal separation processing in accordance with the present
invention. [0040]FIG. 15 is a block diagram of a communications device
operating based on in-phase and quadragure signal components for
providing additional summations of signals for blind signal separation
proces$irpit accommhceswith therpresient invention: {0042 RIt:cktris a

more defailed blagk diaaram, of anipzphase EP%H yadratwre madule, s .,
connected to an antenna element as shown in FIG. 15. [0042]FIG. 17 is
an ilustiftidh 67 8§ eceREFHEEBRing undulated transmit patterns in

accordégeeiwith theysesént. mventiosc §004 3t &n 18fistarz ilkusteation of a
recav%&ray configured with polarized antenna elements in
accordance with the present invention.
[0032] FIG. 7 is a 3-dimensional plot illustrating
the use of tri-polarization in accordance with the
present invention.
[0033] FIG. 8 is a block diagram of a communications
device with an antenna array comprising correlated and
uncorrelated antenna elements for providing different
summations ¢of signals for blind signal separaticn
processing in accordance with the present invention.
[0034] FIG. 9 is a block diagram of a2 communications
device operating based on array deflection for
providing different summations of signals for blind
signal separation processing in accordance with the
present invention.
[0035] FIG. 10 is block diagram of a switched beam
antenna with an elevation controller for selectively
changing an elevation of an antenna pattern in
accordance with the present invention.
{00386} FIG. 11 is an antenna plot illustrating an
antenna pattern in the azimuth direction and then
rotated in the elevation direction in response to the
elevation controller illustrated in FIG. 9.
[6037] FIG. 12 is a block diagram of an antenna
element with an RF choke formed in the ground plane for
rotating the antenna pattern in the elevation direction
accordance with the present invention.
[0038] FIG. 13 is a block diagram of a

communications device operating based on path selection



receiving undulated transmit patterns that are scaled but not rotated in
accordance with the present invention. [0044]FIG. 19 is an illustration of a

receiver receiving scaled and rotated undulated transmit pat q{{
WO And rotated undulated transmit patterns in accor%é?}fﬁe% \%vgi% he 1

present invention. [0045]FIG. 20 is an illustration of a communications
system in which linearly independent power level time periods are
received by a receiver from a fixed tra_n%is_gion point at an infrastructure
site in accordance with the present invention. WO

2008/0A0PARCTAY 9209720884, NQ4RIEIGn21ds asplob of the dransmita
pattern contqurs shown jn FIG. 20 beiﬂg undulated in. a timir‘lﬂ%ggq%ggce

knowntothe resceé?\?gréfﬁﬁﬁﬁ&?ﬁis 3 bnré}ckagf%l%rrg?hng?a
commenigstiohsigyesaimimnwhich undulating patterns are used to support
multiplegdgamgmittersgigangmitiing Joghesame-AGeass3oint in accordance

with the RiessTLIENn, JO038IIS, 21 5.3 ae ey whish.a sybo!

codes for providing additional summations of signals
for blind signal separation processing in accordance
with the present invention.

[0040] FIG. 15 is a block diagram of a
communications device operating based on in-phase and
gquadrature signal components for providing additional
summations of signals for blind signal separation
processing in accordance with the present invention.
[0G411 FIG. 16 is a more detailed block diagram of
an in-phase and gquadrature module connected te an
antenna element as shown in FIG. 15.

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

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

[0044] FIG. 19 is an illustration of a receiver
receiving scaled and rotated undulated transmit
patterns, and un-scaled and rotated undulated transmit
patterns in accordance with the present invention.
[0045] FIG. 20 is an illustration of a
communications system in which linearly independent
power level time pericds are received by a receiver
from a fixed transmission point at an infrastructure

site in accordance with the present invention.



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
invention. Detailed Description of the Preferred Embodiments
WERYHSHTRE bresent invention will now be described more fullfHEFRIREHER 11
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
providg@ggethat thiswdisclosure Will besihareughand gagapiets, anc will
fully convey the scope of the invention fo those séill din the art. Like,
numberS e M ERmMBnis hrotghbtt Shd PR hetatidh fs (&84 1§
indicate siwiiaee|érmewns He alfeenathree éneodiments. [0050]In
communigations neiwerks thete are,sguicessighalsiniengded for a specific
communications device, and there are EOU&CG Si r&als intended for other
commUITRRHBAE HeliBEs Bhetalhg Withia the Tama el RS HaAd “wWitén
a source siyrial engrateraobsiadies thancmidd e sphiahsoihbitigeto
12 - vegsignssgachtaking gdifferant Rathdpm dtepded regeivefesent
multipath occurs. There are also sources of noise which produce signals
that aré WOt HstEd for communications, but are received by the
commuifiéddns devicas as wiell.0051§T 6 faeilitatevdeicsding efthe 1

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

invention.

Detailed Description of the Preferred Embodiments

[6049] The present invention will now be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may,
however, be embodied in many different forms and should
not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided
so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like
elements throughout, and prime notation is used to
indicate similar elements in alternative embodiments,
[0050] In communications networks there are source
signals intended for a specific communications device,
and there are source signals intended for other
communications devices operating within the same
freguency band. When a source signal encounters

obstacles that cause it to split into multiple



W

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

hat in an ideal case the signals can be separated vy,]H)E%J Wioss119
n%é?ﬁé%@g}about the nature of the signals or the transformatlonsgf at

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 sgparation is semi-blind.
[0052]Three commonly used techniques that fall under blind signal
separatiyrsacs prineipal compoageat analysis: (RCA) tindependenitended
compopent analysiz (1), and sagular vayg decompasition (SYR). As, ¢
long as the signals are independent in some measurable characteristic,
and if fHEiFSigHat Surks 3 ifedtyiAdEpEREENERBnTECHI At Bhe or
more efdheseiklind signal lsepasation éechiriguesymay decusad 1o sepbsate
independent or %%sig%jﬁgurce signals from a mixture of the source
signals. The measurable characteristic is often some combination of the

first, sd08fd Jthird SPTIREH HidhERS BF it BRyrds [oRs3PETC WhitSRR! S
the signals, ntees fest and secendraomssis rand sataies dbedlata set

based gy cogelatian, PLangiies. b SIaRabip-goisgatios g g source
signals a?ez igh, the signal separation process can stop Wlﬁ‘l PC/. -13-
[0054 FftHeE Signdttolisige ralifgof the Sothed sigHdldhre16Ae Thef ICRPE

separatesthersourca signalsshased sa stnbstdajrattribuies iBeolyigthe ed
third and.four m f the squrce.si Is nt ce S| I
e G e e e
and setbriehfhomentt Artr AR capabl@ BFeEparftitg ohB (G aaSSAR"S
signal As:an alterhative {0404 and RGA, SMihsepasatesrsaliesrsignalsin

from \he- ikt ie of soursesionaisasedypopiter.dgenialies [00011As
an altel?nat.lve to blina’signal separation processing, signal separation
proces¥lid #i&y- Peltfasdd eh &XkROMEGTe baSedirotesdiify sighml signal
extracten pracess hhke kaeivpdgadased signal separation process

separafsdge desiia aquice mignals ftody (e miing.matiy baspian at
least one of a zero orcllng?ZF) process, and a minimum mean squared
estimatibRMRSEpfocEsd! f§reRaMPIO (0S5 RiypieaPatefgnBIgent

illustrated iy E1G. 1pca), independent component analysis (ICA),
and singular value decomposition (5VD). As long as the
signals are independent in some measurable
characteristic, and if thelr signal sums are linearly
independent from sach other, one or more of these blind
signal separation techniques may be used to separate
independent or desired source signals from a mixture of
the source signals. The measurable characteristic is
often some combination of the first, second, third or
fourth moments of the signals.
[06053] PCA whitens the signals, uses first and
second moments, and rotates the data set based on
correlation properties. If the signal-to-ncise ratios
of the source signals are high, the signal separation

process can stop with PCA.



in which a plurality of signal sources 20 transmit source signals 22. The
source signals 22 are transmitted in a direction based upon generated
antenna beams 24 associated with each respective signal

W%ﬁ?pg{p[ 7(c)ﬂ‘?signal sources 20 include a first signal source 20(1 @?r%i%ﬂ%%g
Mth signal source 20(M). Likewise, the respective source signals are
referenced 22(1)-22(M) and the corresponding antenna beams are
referenced 24(1)-24(M). More straightfofward implementations are often
utilized in communications networks in the form of omni-directional
antenngypaiierns or dirgcionalaatenna paiteens {0066]AT aftienaa drtay
32 for the communications device.30Q receiy liInear_ combination:

(mixtu F";ej)gé}a ?ﬂse %gﬁr?:fg gl’g na?fg Zli%m %%eag%%é% s%%?cgsso‘gg% té}éqmalS
source sl P2 5baththe@iteAhbraitay B2 BY TR Oriviors pathd ihednd
then becamenkneweras nustipath signade Gayses of mulipathinclsdarce
atmosphen fueling. ionasphari tefleclion,20d rellaction, a0 4gfieeian
and refraction from terrestrial gﬁjects, such as mountains and buildings.
[0057]FRe SnepndeitapB2-é6mpiises 2 pliraR§ oramerfRtsleniditss4:
with each apeina elmesppraviding ahleast oseilineariepmbinatiam
(mixture) of the source signals_22 from the.signal sour 20. The
antennég‘eie:laeﬁgr%flsv& ?r?cl%%% a ﬂ?st%ér?f’en%gﬂglgﬁ?ean%fsglg 1) ?ﬁr‘f){bg% an Nth
antenrisi 8RFAENE 3L - FO0BSITHE PeCivEa EHRACE STHTAS PRIFDXRA
are initialhs foraed: kg mBixing matrix 36. The communications device 30
uoes bipdaignal separation,eehpiuss.(q. deferiie & sERRrallgn Mallx.,
38 for separating the source signals’in the mixing matrix. The separated
signalParsrasrasented Byarbféfrrelsd o 059 TRE ToMfinilic&forrg sed
device 30 pintypxiragts thesslixire af solnge sighals receiveskbyithe

antenna array 32 by sampling an aggregate or compasite of the receiyed
sourcepsf“lﬁﬁg%ss\ivith)éﬁ? k]ﬁg\?v‘f%&égg %%%ﬁg?%hg%ggt%ris%%é%? eloutp%t_ of 53
each apeRwTa ehemehe 3495 nedeRPaS R SdAadfor HPThE R UFRdE 119
signalsriz afterdiadag Heen-corvelvednwith the impulsersasponse(afthe
channel, i.e., the propagation.path between the output.of a signal K

20 andpt%%cééﬁtspijt%?gangarrﬁle%lh%u&enrﬁgr?t ﬁ%ﬁs ad%%lﬁllé Gaussiaiﬁigo%ge.
[0060] Fire eopsmubtcatioii@édice 30 for separating

00551 A typical scenario is illustrated in FIG. 1,
in which a plurality of signal sources 20 transmit
source signals 22. The source signals 22 are
transmitted in a direction based upcn generated antenna
beams 24 associlated with each respective signal source
20. The plurality of signal sources 20 include a first
signal source 20(1) through an Mth signal source 20(M).
Likewise, the respective source signals are referenced
22(1)=-22 (M} and the corresponding antenna beams are
referenced 24(1j-24(M). More straightforwarzd
implementations are often utilized in communications
networks in the form of omni-directional antenna
patterns or directional antenna patterns.

[0056] An antenna array 32 for the communications

device 30 receives a linear combination {mixture) of



source signals provided by the M signal sources 20(1)- 20(M) will now be
discussed in greater detail with reference to FIG. 2. An antenna array 34
includes N - 15 - antenna elements 34(1)-34(N) for receivi v é’%)
WRABRHiferent summations of the M source signals, with ﬁ% n%
greater than 1. The antenna array 32 is not limited to any particular
configuration. The antenna array 32 may include one or more antenna
elements 34. The antenna elements 34 may be configured so that the
antenna array 32 forms a phased array or switched beam antenna, for
exampl@eas yiltbe disghased i greaterdrelow: (0Q61viranssenmer 4(¥is
connected downstream to the antenna,array. 32 for receiving up 49 t
least l\?’%ﬁfeﬁ%ﬁ%ﬁrﬁrﬁ%%g o%hgeﬁ%s{}o&% s?élk?gl%%z%z.a& %argcégsg 46}2&?35O
downs&edna X6 the thinscehfer AberveAIABAgKTIREhroteBYd4P3sh
illustratad separatefosasthestranseeivet M0 tae precass@smayxalso be
“included within the Fanscelver. The.different suminations, of the M soyree
signals 35 eceived By?ﬁe?ranscelver 56 are used to populate the mixing
maitrix B8t Tafe hfiRingn s atipt BB then e e5sad By 6ié braRd RS biind
signal separatiompieeessiag smadulesi44 nde and 48 within the processor
42. (O%q)@ .pi blind,signal separation procgssing modules. in P
MLl et A e S S GOV
46 ancka8enay belepsfigureifas phioPABNNISIGRBR SEP &R
processes ¢ e 2C€A Baduledd oparateshagerhan iba first and:secons

moments of the different s mr’%ti%r;:soof Ehe receivg source

Slongls.
whereas thé TCATodure 4 sope‘rates as%%l osﬁ' the thir andef%)ur& The
momeR&tehie sdireesigRal? THESWS ModdiE4s pRERMAR SigPafnT
separaipmbyased ondheeigernalesahthe-difesant semepations of the
receiv ce signals._- 16.- [0063]The cortelation sing. initiall
perforr?ﬁcég%b;; the PCA rﬁoetfﬁjjév}fo dseg[]é_lr}?ﬁieﬁessleﬁ%1 ?n%ﬁa gggira%%%@ha?%
38(1) foritid differefe 5UATMALNIBAS DI hS SHUree Sigrfaldandthe ICA

module-derthen-datesmines ancenizanced separatipn: matax 3IR) far ion
SEparaEQ tﬁ‘:‘?%%%‘gc Sign %sriraiérbg ré‘ixsianr‘r‘@t{if‘o?@mgé@?i?i%%a'ﬁo%f e
\V e 48, i

separated by the modu a separation matrix 38(3) i

/188119
eing

is also
determirsed for-sasariatin gapier diffefé AP adnatidhe ofitid rec8ivBaisburce
signalsrindhgapidagdnakixa@ls are represented by reference 38.

[0059] The communications device 30 jointly extracts
the mixture of source signals received by the antenna
array 32 by sampling an aggregate or composite of the
received source signals without knowledge of their
characteristics. The output of each antenna element 34
is modeled as a summation of the socurce signals 22
after having been convolved with the impulse response
of the channel, i.e., the propagation path between the
output of a signal source 20 and the output of an
antenna element 34 plus additive Gaussian noise.

[0060] The communications device 30 for separating
source signals provided by the M signal sources 20{1)-
20 (M} will now be discussed in greater detail with

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



[0064]From each respective separation matrix 3B(1)- 38(3), the separated
signals are represented by reference number 39. The separated signals

Wé%{@ﬁgﬁmergo signal analysis by a signal analysis moduleca®t@ 07088119
determine which signals are of interest and which signals are interferers.

An application dependent processing module 52 processes the signals
output from the signal analysis module 50. [0065]The decision on which
signals are of interest may not always-invlve the final signal to be
decoded. For instance, the application may call for identifying interferers
and subttactiryg Hangdrom thé diffefdiiSufpraticis o it redeivedst

source; sighalsy ang than fredingtheireduced signalito;awvaveiorghals,
decoder. In this case, the, signals of inter%st arg the_gnes that ultimatel

end up'B&ihd'réBEtdd. 6683] f&E TTBFmation fed to'the IgéﬁePnnoaduﬁg}%P'is
a unigd@ stsnofsidhals ol Itis aesumettthat e incanfigures 3on.: xNFbe

M independant Gomponeaatsake ehsen@diond 7orX bk @ Etlkhna ks
k(t)+. auws A, (9 XN 074 a frns&:(%Nnks Ié({) a NI}_‘/IS(rgLOOW I%ge(r:lgrrgli béf)th g

the ch&RFBFESEHR ents A and e ariginal signale . 14 are unkiown o -

the so that the antenna array 32 forms a phased array or
switched beam antenna, for example, as will be
discussed in greater below.
{0061} A transceiver 40 is connected downstream to
the antenna array 32 for receiving up to the at least N
different summations of the M source signals 22. A
processor 42 is downstream to the transceiver 40. Even
though the processor 42 is illustrated separate form
the transceiver 40, the processor may also be included
within the transceiver. The different summations of the
M source signals 22 received by the transceiver 40 are
used to populate the mixing matrix 36. The mixing
matrix 36 is then processed by cne or more blind signal
separation processing modules 44, 46 and 48 within the
processor 42.
fo062] 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 48
operates based on the third and fcurth moments of the
same signals. The SVD module 48 performs signal
separation based on the eigenvalues of the different

summations of the received source signals.



transceiver 40. In matrix notation the above set of equations may be
compactly written as x = As, where A is the mixing matrix. The statistical

W?%%%E%m(ﬁs is also known as the ICA model. Traditional t /%%7 5¥8tﬁ9

e inverse of the channel: s [0068]The ICA module 46 détermines a
separation matrix W, and y = W(As) = Wx. The vector y is a subset of s in
unknown order with scaling changes. If all the signals are not separable,
the more general form would be y = W(A%) + WnWx + Wn, where the
additional n term is the residual noise due to the unidentifiable sources.
[0069] ERE4CA modiids cogerémtivenmodetewhiciymieainsithibl yt describes

how thgahsarved datads oeneraRdby.n PIORsS OhMIXNONe; 11 a)

components s The independent components are latent variables, meaning

that th&y RARRBBR ARSGHFoRBeNled Fisb tndt ik EF AR ATRS Lons of
assumetleosse vokneigm Alkthatrid oiiserved iswtda tandén:vector x, and

A and 3are.10 0r esimalgghases uppn 6984 0kLhe slardagaoirLof ICA

is the assumption that the components sk are statlstlcally independent.
MoreoVé&F, ‘?‘t‘%téélsﬁjrﬁiéﬁ thar ﬂ‘ﬁ? ifdSiendentcpotited fgrrix 36.

If the signals are separated by the SVD module 48, a
separation matrix 38(3} is also determined for
separating the different summations ¢f the received
source signals in the mixing matrix 36.

[0064] From each respective separation matrix 38{i)~-
38(3), the separated signals are represented by
reference number 38. The separated signals 39 then
undergo signal analysis by a signal analysis module 50
to determine which signals are of interest and which
signals are interferers. BAn application dependent
processing module B2 processes the signals output from
the signal analysis medule 50,

{0065] The decision on which signals are of interest
may not always involve the f£inal signal t£o be decoded.
For instance, the application may call for identifying
interferers and subtracting them from the different
summations of the received source signals, and then
feeding the reduced signal to a waveform decoder. In
this case, the signals of intefest are the ones that
ultimately end up being rejected.

[0066] The information fed to the PCA module 44 is a
unigue sum of signals xy. It is assumed that N linear
mixtures %;,....%y 0of M independent components are

observed:



3-, at most have one with a Gaussian distribution. The one signal with a
Gaussian distribution limitation is due to the fact that the third moment of a
Gaussian signal is 0, and the forth moment is indistinguishable amongst
W@é"ﬁ%?ﬂﬁ"&?gnals. [0071]For simplicity, the unknown mixing PhtHRAREIe89
assumed to be square. 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 signgls sic are statistically independent
in some measurable characteristic, the separation matrix W can be
d_etermlned. [0072]The @@ymp‘g,t,@gfzmdqgi mayix Augu%tg(mines__how many
signals can actually be separated. For example, a mixing matrix having a
rank of 4 means that 4 Sopitce signals can be separated, ldeally, the rank
of the mixing matrix A sholAd 4vfe %Tb"éaé(ﬁ to tfAesfathber of signal
sources M. The larger the rank, the more signals that can be separated.
As the number of sources{Nidngredshs, thes,4d-doesthe, {8quired number
of antenna elements N. The '170 and '362 patents discussed in the
background section both disclose that the number of antenna elements N
are equal r greater than the number ignal sources M, L.e,..M.
i 134 e A M e S S

separatg,the signals ol0B]Andndustry, stangase fakereatingcthe linearly
independent sums of signals is to use N uncorrelated sensors, i.e., the

sensors SRR af foast PWEREEAY AUBHH FonT Bhe kiSthe? ¢ That
waveleagtia ts basedaypdre theoperating fregusncyscf the= As, where A

is the mixing matrix. The statistical model x = As is
also known as the ICA model. Traditional technigques

try to find the inverse of the channel: s = A 'x.

[00D68] The ICA module 46 determines a separation
matrix W, and y = W(As) = Wx. The vector v is a subset
of s in unknown order with scaling changes. If all the

signals are not separable, the more general form would
be y = Wi{As) + Wn = W¥X + Wn, where the additional n
term is the residual noise due to the unidentifiable
sourceas.

[0069] The ICA model is a generative model, which
means that it describes how the observed data is

generated by a process of mixing the components s, .

The independent components are latent variables,

meaning that they cannot be directly observed. Also,

the mixing matrix A is assumed to be unknown. All that

is observed is the random vector X, and A and s are to
- be estimated based upon =x=.

[60701] The starting point of ICA is the assumption

that the components 5, are statistically independent,

Moreover, it is assumed that the independent components



- 19 - communications device 30. The N sensors are uncorrelated in
space, but correlated in polarization and in angle. The N uncorrelated
sensors provide N sums of linearly independent signals, w

WO BI8lides a single entry into the mixing matrix A. [Oor;géﬁ%f%rgg %(5;3”9
or outline of the different approaches for creating the linear independent
summations of the source signals for the mixing matrix A will initially be
discussed with reference to FIG. 3. Af_t_erl@ brief introduction, each
approach will be discussed in greater detail below. [0075]The first section

of the rpadmap addiessesenhancaments thal Gan hedpadeanthe The
transmifter side of the communications link for generating linearly

indepepiient siid! Stirhs sb (it Bhi e AdEd FébaiviPran Bopdaie s s
mixingduatrpetaadapksize sufficiaat forisignabarparasionapmoessing
Block 9Q represents mabil mmunjcations devices, and Block 92
represgﬁ%n r%né’rshit érsagtd?olrg gﬁfrrggf%%tur?g%elt%. Blosthiorﬁl}]g%é%%éféh ?ebel
into theRMmeRanfRasEIBek Fghavhich in turn provide the RF signals to
the nextogeation of the-readpapei ey, aneanareseinenganfigyraionsx 2
[0076]In the sec%réd sec ion of the road@%%% Blt%:k thl%_eep:reg nts

135 55Ul e sguare.
uncorrel%te& Sensors, w erelﬁ eaceﬁ sensor FSI’OVISGS a smgle Input to the

mixing MagbeABIGCICP0PTRPrESeiE & EofreldedtastenmaPaffag iwherein

the arrgy psevidesryttinie dnpuisdifepepylata the mixing aiatix ABleck
104 also represents an antenna arr%)é wherein a %ortiog of the antenna

elemerh& i@t BRE the ShtaRRE A&metts Tl difrefent =°
polarizatians $er pepulatingdde=miking nmatrpohe Diferantatdrabinations of

the sengors and -.2Q : antenna arrays addressed by Blocks 100, 102 and
104 mg}%gac%r% f’nsgc i Block T gtoafurlthrelr p%pu ate the mixing matrix in
Block X¥6-§00FFFFhe third section of the roadmap addresses

fo0721 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 egual 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 reguired number
of antenna elements N. The ‘170 and ‘362 patents
discussed in the background section both disclose that
the number of antenna elements N are equal to or
greater than the number cf signal sources M, t.e.;, N >
M., otherwise a technique other than blind signal
separation is to be used to separate the signals.
[0073] An industry standard for creating the
linearly independent sums of signals is to use N
uncorrelated sensors, i.e., the sensors are spaced at
least a wavelength apart from one another. The

wavelength is based upon the operating frequency of the



enhancements to the antenna receiver configurations provided in the
second section. The enhancements are made so that additional or
replacement summations of the source signals are coIIectec}& m&r
- . . T/ 088119
WB(%%%Q@%% mixing matrix A. Block 108 involves array deflectloffqgln W“IIC
the elevation of the antenna patterns is changed for receiving additional
summations of the source signals. Anyone of the combinations in Block
106 may be used in the array deflectian Bjock 108. [0078]In Block 110,
path selection is performed so that all of the summations of the source
signals-useditc gopiutate themmeingimatTed dreseoretadedxd't and 2'4
moments) andiqu stayistizally (3id apdAth nomentskindenendant, it other

words, the incident signals are selectively chosen for receiving new

summ&tBhd Bf 88 L8urcd BRI 16 PEpRRhe Sfififttfors thatHrethot
correlatechanafor statistit ally. intigpendent. Bigoe 110 maydse tedbysensor

anyone,of the, combipations in Block 106,ap¢ 108; Blacks 108;and 110
may be fed directly to the mixing matrix Block 116. [0079]The fourth

. [
sectiont8P Y roadhapPAgiRR sRE SYhatEitihg F5F fite36ptating the
mixing apatroeichBlockoll Grieet éxgnipie, Biockall2 spéits=tivkedifferent

summation, signgls using sereadingLadesh 463 SHMAoNSIgALhAS K- 1 «
spreading codes, then that particular summation signal may be processed

to proviue kisummidticht dignats S5E6ERTES therdwilit ST Spreddingt - -
codes mzebe apphitefinicambihaticrowithethehoutpots afh 211 Bloeks

106, 108 apd 119 Blo 4 splitg.the, different summation signals into

in-phas;qég and quadrature (Q) components to further populate the mixing
matrix. $hnd QTEmpdRERtS RS 8Bt 8S a It B feiheSRiting
matrix, eatrck fgymbe ap pliegkinceemibin atiale with thireotitpansof Blocks 106,
108, 11Q-apd 112, 10080IThe final section of theJoadmanyis the. miXing

matrix A formed in Block 116. As illustrated inthe roadmap, the mixing

matrix ANE)BEBBpuRHBRALIT RS difleldht SURRNERICHRISANESSSdrter
signalsceasecpniamyornie of tiie abhoveadescribed blocksk Aniadvantage of

the antgpag;arfay, configutations insthe secqrd sgetiopds that coamast so

antenna arrays may be formed forﬁ)opulatjng the mixing matrix A._.An

advantA§RGTIRB SRR S r &) TORRYTAAISHE i e fiiry aRBFotmhc: 22
sectionsdpthathrantersaselentents, athere Nng tessthart the nenitlser M

of sourgg §ignals, fan e, ysed o Rapulaia the. mixig ML Mt Mok i

more summations of the source sign%ls. %081 !En view o{ th% an%%nna
Conﬁgu?gﬁOnghlch in turn provide [ signals to e next

section of the roadmap, i.e., antenna receiver
configurations.

[0076] In the second section of the roadmap, Block
100 represents uncorrelated sensors, wherein each
sensor provides a single input to the mixing matrix A.
Block 102 represents a correlated antenna array,
wherein the array provides multiple inputs to populate
the mixing matrix . Block 104 also represents an
antenna array, wherein a portion of the antenna
elements is correlated and the antenna elements have
different polarizations for populating the mixing

matrix A, Different combinations of the sensors and



discussed in the roadmap, an antenna array comprising N correlated
antenna elements for receiving at least N different summations of the M

source signals, with NT and M being greater than 1, will betg' gl
W@ﬁg{}@mﬁ‘gaiment, the antenna array is a switched beam an gﬁggﬁéﬁ /%45 1

illustrated in FIG. 4. [0082]The switched beam antenna array 140
generates a plurality of antenna patterns, including directional antenna
patterns and an omni-directional antenng,pattern. The switched beam
antenna 140 includes an active antenna element 142 and a pair of
passive:anrignsaelementsdtid4 sEaa asjuahrumberof Active and 122 -may

assive antenna elements.142, varies d i [ .
gpplicagtieor?oé]g%en reeﬁcjéni sg |f}e("§%e2%% l?cjs.%gﬁéqﬁe?qu%giféqgﬁgﬁ%Nrng dﬁgxmg
11/06552f6r Embte Hetditdd discussion on the switched beam antenna
array. Thisspatent applicatipndissassigaadde tha curenissigaae ofdbe
resent invention, the contents of which are incorporated. herei
Eeferer‘?élc—%q ?nnﬁgr‘éen}fti?gty%.(fo e§§] Eac @B%%sﬁ/%cgﬁtgnﬁacé%%rﬁ rllltr]%%)éns
includes anidlsserinalf 124zeand @ YRR 145he TrRNGSEFRaNES T 44a
of the passive-arteRna-plemanis t44 are £enaesiamth to agrpunbplanet
146 thiqugh reactive lpads, 148 The reaglive loads 1d8.are.avariable.
reactarnice, which 1s (?hgngeablae in capacitance to inductance by using
varactéis: tristRigsIeHFings br svitictitigt B Veiiyimg e Asa@ie loads
148, the.kadiationpatierns can bachanged: SiAce there ase teprRassive

antenna elements, 144, four éjéff?oerm antenn:fil IPatE%’Q;f‘t%,aoanf fgﬁrrgxggﬁions

[0084]?5‘%35??11&%%&?& patterns can be Used 10 receive a unique sum
of signafs khaHrofolrth phtedd $s a MBS COMBINgHdFoMh8tHethrde,

so it isgniaisahie asdn wathsthenmixisgaRakix Ae Consetenthys ath
three g éhnna elements being utilized, three unique sum of signals xj are
input to the mixing matrix A. An advantage of the switched beam antenna
is- that P &8ing 3 dlanEks 1 AL andPtd: £ migingiPatd? oPsahRIesN PR

supported[008P] krangthes @mbedinent therantepnacyray semprises i
correlated activg atrgenna elements so that the antenna aﬁ%)%%rrqﬁa and
a 60

phased 8rRPT60 s litistrated in FIG. 5. The phased array

comprié®s mogleralay ofaiiive avehbatdemidnts 52, ardl 4 plorangpse)

weight comirol compponents 1eA€oupedisQ the incident signals are
selectively chosen for receiving new summations of the
source signals to replace the summations that are not
correlated and/or statistically independent. Block 110
may be fed by anyone of the combinations in Block 106
and 108. Blocks 108 and 110 may be fed directly to the
mixing matrix Block 116.
[0D79] The fourth section of the roadmap addresses
signal splitting for further populating the mixing
matrix in Block 116. For example, Block 112 splits the
different summation signals using spreading codes. If
a summation signal has k spreading codes, then that
particular summation signal may be processed to provide
¥ summation signals associated therewith. The spreading

codes may be applied in combination with the outputs of



- 23 - the active antenna elements. The weight control components 164
adjust the amplitude and/or phase of the received signals to form a
composite beam. [0086]A splitter/combiner 166 and a controller 168 are

WEMHBETEY To the weight control components 164. ReferencEGd/EiTELEHTH

U.S. Patent No. 6,473,036 for a more detailed discussion on the active
array 160. This patent is assigned to the current assignee of the present
invention, the contents of which are incogporated herein by reference in its
entirety. [0087]The number of active elefrents 162 supports a mixing

matrix Ahavinoithe same rank. Even thoughthe aumber.of squrces M is
equal to the number of active elements N, i.e., M = N, the active array 100

is comPacr&heR thE MR e SR HE 162 A5 T atPaIBRAF fh dgdcEd™hd
polarizatien ras compare d-tonthverraditional fapproachofusiag aincosrelated

antenng.glementstha are spaced pgre thapawavelengihapart. [0088]In

other embodiments, the rank of the mixing matrix may be K, where K <N,
so thattHe BiRiF-&Gnaf sephPAidh rod&dls A8 sEphra@RK B hEM
source spgiaksdfram tvenbrixiagimatrisd ths Vil beudisetissed iBpeaterios,
detail beigw, N\ fay.alspse greater than M. [0089]In both the switched
beam antenna 140 and the phased array 160, the distance between their

respecthf@htenna BIEmEME 1422 P AN0T 62 R SEBE T Row S fRbrable
back tadtenhatic. tEiis s bbcause the Gassical LEe ofAbestlantenaged in

arrays ig,[o teieghupwapied sianals (h§«.Hackappirachingl.anddatensiys

wanted signals (i.e., front approaching).
the different summaticons Of the source signals based on
anyone of the above described blocks. BAn advantage of
the antenna array configurations in the second section
is that compact antenna arrays may be formed for
populating the mixing matrix A. An advantage of the
antenna array configurations in the third and fourth
sections is that N antenna elements, where N is less
than the number M of source signals, can be used to
populate the mixing matrix with M or more summations of
the source signals.
(o081} In view of the antenna configurations
discussed in the roadmap, an antenna array comprising N
correlated antenna elements for receiving at least N
different summations of the M source signals, with K
and M being greater than 1, will be discussed. 1In one
smbodiment, the antenna array is a switched beam
antenna 149 as illustrated in FIG. 4.
[00B2] The switched beam antenna array 140 generates
a plurality of antenna patterns, including directional
antenna patterns and an omni-directional antenna
pattern. The switched beam antenna 140 includes an
active antenna element 142 and a pair of passive

antenna elements i44. The actual numbery of active and



[0090]However, for the purpose of building mixing matrices, the goal is
create different sums of signals. The signals of interest can actually
alwa¥s be lower - 24 - than the interferers in this application and still b

Il be
WOMIHATINP Because of this significant difference in purpose’ e Aatancas

between antenna elements need not be of a specific separation.
[0091]The antenna elements could be further or closer together, generate
patterns with classically ‘bad’ front to bagk ratios, and still be quite suitable
for mixing matrix usage. If fact, such patterns will often be superior in the
blind sigisd sewireq sepadsatioampplicaiien, Theseasondeingibat they use
of good front to back ratios, requires tracking of the signal.directions in
order (S e o Tt B deo Ty S s e back &
interfefér§ - Byaising padrhsaihieh Mave diffdrehcéddn Sarious@iréctions,

but stilbsigaificantgains sBe SHChriragking.QfbResigpaladSdearies. array.
[OOQZ]QQiaSnteQank%ea?m ng?k%e defined as havm?g % éjbtgglnts down from

Lo 1S ?SSJ_ ne .Cu]t'fe.‘ﬁ
a maximurm §ain point thereor providing Tor signar rejection in at least one

directicr® &t gitfrfal Bpgroach Swaftarly naAMHERna Peteranhay e défined
as having substantighlyJ198:4B HOIRSAQWNH0 M S BRIM gair Hoint
thereoggggrh&ving no signal rejection in any direction of signal approach.
[0093]In many gﬁplications this deviation from specific distances between
elemert8&EH greathp fédiree tHie SiANRHEove Riteattehd dmay UHr6tHET
applicatighsrit maight agtualynbe desiable tg increase therdistafser halves
betweegl;sqla{en(g%n‘tc to alleviate the trackin%%%blggg, I;Mt4gain some decgﬁre
[

of additional Signa decorrelation, %@Qﬁln another embodﬁﬁgnf?ﬁge ©
anuﬂuﬁfaﬁaggggpd plana 146 through reactive loads 148. The

reactive loads 148 are a variable reactance, which is
changeable in capacitance to inductance by using
varactors, transmission lines or switching. By varying
the reactive loads 148, the radiaticon patterns can be
changed. S$Since there are two passive antenna elements
144, four different antenna patterns can be formed.
{00847 Three of the antenna patterns can be used to
receive a unigue sum of signals x;. The fourth pattern
is a linear combination of the other three, so it is
not usable as an entry in the mixing matrix A.
Consequently, with three antenna elements being
utilized, three unique sum of signals x; are input to
the mixing matrix A. An advantage of the switched beam
antenna is- that by using 3 elements 142 and 144, a
mixing matrix of rank 3 can be supported.

(0085} In another embodiment, the antenna array
comprises N correlated active antenna elements so that
the antenna array forms a phased array 160, as
illustrated in FIG. 5. The phased array 160 comprises
a plurality of active antenna elements 182, and a

plurality of weight control components 164 coupled to



comprises N antenna elements for receiving at least N different
summations of the M source signals, as - 25 - illustrated in FIG. 6. At

wﬁg@%@g&]} the N antenna elements 182a, 182b are correla‘tf,%q/%ggomﬁiw

rent polarizations for receiving at least two of the N different
summations of the M source signals, with N and M being greater than 1.
[0095]The other antenna elements 184a, 184b in the array 180 may be
correlated or uncorrelated with respect tg-antenna elements 182a, 182b.
Even though another pair of polarized antenna elements 184a, 184b are
illustrated; thesewelemardsnnay irsteatshaverthe samg polasization.
Moreo h e t I e rrelated with.on h
(009611 et e e e 1o e lemonts 1B3aC 85b oy s
orthog&R&aPi’8Ae HrbtAeP IRCarGtiBr &offigaraist the*dhtenna elements
182a, k82kdncludera third eterneatdB2aes0 the thpolatizadionrisller 168
suppoed fareaelying & differeny summangns ofiihe M squige sigaals.
[0097]The following discussion supports the use of polarization for
populafif§arerFixing rafiBeAeThethieé diffélertly Polari¢edantbhhafor
elemenissk82a,ck320h 132 teceive ihreelineae aaddndependent sigmals

sums. Fhedefiyiians and elatignships afibedy.and 2.exsas llusyaied

in FIG. 7 will be used. For example, the following relationships exist: x = S

COS@D%ﬁﬁﬁﬁnt invention, the contents of which are
incorpeorated herein by reference in its entirety.
[0O871 The number of active elements 162 supports a
mixing matrix A having the same rank. Ewven though the
number of sources M is equal 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 polarization, as compared to the traditional
approach of using uncorrelated antenna elements that
are spaced more than a wavelength apart.
[o0es] In other embodiments, the rank of the mixing
matrix may be K, where K < H, so that the blind signal
separation processor 48 separates K of the M source
signals from the mixing matrix. As will be discussed
in greater detail below, N may also be greater than M.
[o089] In both the switched beam antenna 140 and the
phased array 160, the distance between their respective
antenna elements 142, 144 and 162 is set to allow a
favorable back to front ratio. This is because the
classical use of these antenna arrays is to reject
unwanted signals (i.e., back approaching) and intensify
wanted signals (i.s., front approaching).
[009G] 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



y = Ssin(0)sin(0) z = S cos(0) (0098)Simplifying assumptions are that the
signals have linear polarization, the signals are linearly independent, and
there are three linear antenna - 26 - elements each on an orthogonal

a
WQHSHEHE%ample, antenna element 182a is on the x axis, ANINA ot

element 182b is on the y axis, and antenna element 182c is on the z axis.
[0099]By positioning the three linear antenna elements 182a, 182b, 182c
each on an orthogonal axis, the math(_e_mﬁicg is simplified. In an actual

deployment, the antenna elements 182a, 182b, 1820 need not be strictly

orthogenal, nat Ao they-reed:te meet at a G PRY. 1he remavalof
this assumption will not invalidate the general conclusion, but rather .
changd 874 FAEEE uritfst AR rank d8ri G By belths: fd(%ﬁﬁﬁ%%ﬁ 0

followimg dedimitiorisharei appiade whezbirertnmericesulds cripmaefer tosed

associgtigng, withesignals. 1; 2; 3: .y esisighals incident to the antenna

elements;
[6bo1l The antenna elements could be further or
closer together, generate patterns with classically
‘bad’ Ffront to back ratios, and still be quite suitable
for wmizing matrix usage. If fact, such patterns will
often be superior in the blind signal source separation
application. The reason being that the use of good
front to back ratios regquires tracking of the signal
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 required.
10092] An antenna beam may be defined as having 3 db
points down from a maximum gain peoint thereof providing
for signal rejection in at least one direction of
signal approach. Similarly, an antenna pattern may be
defined as having substantially no 3 dB points down
from a maximum gain point thereof and having ne signal
rejection in any direction of signal approach.
[0093] In many applications this deviation from
specific distances between elements can greatly reduce
the size of the overall antenna array. In other
applications it might actually be desirable to increase
the distance betwsen elements to alleviate the tracking
problem, but gain some degree of additional signal
decorrelation.
[0084] In another embodimsnt, the antenna array 1B0O
comprises N antenna elements for receiving at least N

different summations of the M source signals, as



Q,02,03:The X, Y plane E field angle of the signal; 0142703:The Z axis E
field angle of the signal; and Dot product of the sum of signals

_incident to an antenna element. [00101]Therefore, the vect
WYY %€ ement 'x':100 Element 'y':010 Element 'z':001 Slgége |C|%ﬂ§§étﬁ9

c0s006n(00sin(01)sin(01)cos(41) S2 Coefficient:
cos(02)sin(42)sin(02)sin(02)cos(2) S, Coefficient:
c0s(193)611(00sin(92,)sin(3)cos(3) [001Q2]Taking the dot product of
each antenna

illustrated in FIG. 6. At least two of the N antenna
elements 182a, 1B2b are correlated and have different
pclarizations for receiving at least two of the N
different summations of the M source signals, with N
and M being greater than 1.

[0095] The other antenna elements 184a, 184b in the
array 180 may be correlated or uncorrelated with
respect to antenna elements 1BZa, 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 ailso
be uncorrelated with one another.

1060961 The different polarizations £for antenna
elements 182a, 1B2b may be orthogonal to one another.
In another configuration, the antenna elements 182a,
182b include a third element 1B2e s¢ that tri-
polarization is supported for receiving 3 different
summations of the M source signals.

[00s7] The following discussion supports the use of
polarization for populating the mixing matrix A. The
three differently polarized antenna elements 182a,
182b, 182¢ receive three linear and independent signals
sums. The definitions and relationships of the 2, y and
z axis as illustrated in FIG. 7 will be used. For

example, the following relationships exist:

x = 5 cos(6) Sin(‘ﬁ)
v = Ssin{@)sin($)
= = S cos{s)

[0088] Simplifying assumptions are that the signals
have linear polarization, the signals are linearly

independent, and there are three linear antenna



element and signal, ( XY =x,x2 +y,y2+z,z2) determines the relative E field
component summed in the element. These values are used to create the

wibRSG MAlix: - 27 - _. cos(0,)sin(0,) cos(02)sin(C) cos(03)ssmfus200Desiths
= sin(01)sin(4) sin(02)sin(02) sin(03)sin(03) 52 cos()cos(,)cos(03)53
where: X, det=

- 26 -

elements each on an orthogonal axis. For example,
antenna element 1B2a is on the x axis, antenna element
182k is on the ¥ axis, and antennz element 182¢ is on
the z axis.

[0029] By positioning the three linear antenna
elements 182a, 182b, 1B2c each on an orthogonal axis,
the mathematics is simplified. In an actual deployment,
the antenna elements 182Za, 182k, 182c 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.

[00100] The following definitions are applied,
wherein numeric subscripts refer to associations with

signals 1, 2, 3:

§,.8,,8;: Signals incident to the antenna elements;
6,,6,,0,: The X, Y plane E field angle of the signal;
¢, 0.8, ¢ The Z axis E field angle of the signal; and
Aﬁ,};,kl: Dot preoduct of the sum of signals inclident to
an antenna element.

[00101] Therefore, the vector components are:

b \% z
Element ‘x‘: 1 0 0
Element ‘yf: 0 1 0
Element ‘z’: 0 0 1
S, Coefficient: cos(d,)sin(¢,) sin{@, ) sin(¢, ) cos(d, )
§, Coefficient: cos(6,)sin(¢,) sin(8, ) sin{¢,) cos{g.)
S, Coefficient: cos(f,)sin(¢,) sin(é, }sin{¢g; ) cos(g, )

(001021 Taking the dot product ¢f each antenna
element and signal, {X-Y=xx,+yy,+zz,) determines the

relative E field component summed in the element. These

values are used to create the mixing matrix:



A', cos(a, )sin(01 )sin(0, )sin, ) cos%) cos(02)si n02 )sin(03)sin(03)cos(0,
)+ cos(, )sin(ch3)sin(4)sin(95, ) cos% ) -cos(0, )sin(02 )sin46, ) cos(03)
sing+, ) - cos4b, )si n(0, )sin(gb, )cos(0) )sir*) - cos(, )sin, )sin(01)cos(01
W2 920493 te(0, )sin(1, )sin(02)=0e4t9 + eoge, )sin(6980SR YN (tE: -+
)ele(t83)+ sin(9, )cos(03)e11101 )c5452)SitUtis ) cos.% )si nO, )) cos(,
)sin(0,) sin@2) costly ) = ecs(0, )singOsin(g5, )sin461
)cos45)-sin(0,)cos(0)sin(A)singb,)cos(0,}~ _
+c0s(02)sin(0,)cos%)sin(A)sin(45}-sin(02)cos(03)cos(A)sinCsin(C)
+sin(191)cos(03)sin(0,)cos%)sin(49-cos(01)sin(0,)sin(tb,)cos4bdsin4b, )
.shogosiriQdcosClaAWSski(00-mnfOcosOA co 2)sin(0, &ask

0.3
)sin(0, )%in(0 f@é@%?iﬁ(ﬁeéinwé@c&“ﬁ@aisiﬁ?@%@f)ﬁﬁl%, éei(e,)-cos(o,
if602)sin(03)sin(03

)sin(0, ) =|sincdesirgothoostotfsiniee, )1 Ene o))
-02) +5i{0})cos(@23tn(C)sin(0c«6@) J00103]Reutk, defigiengy situations will
now be

where:

XZ
deg X |=
X,

cos@, ysin@, )sin®, }sinp, yeosip, )+ cosB, Ising, ysinif; ysindg, ) cosi@, } +cosd; ysinlg, )sinig, 3sinid, )cosl, )
—cosf, ysiniB, sinig, yeos(®, ) sinig, }—cosip, ) singd, ysing; yeos®, Jsini, ) — cosg, )sin, Jsing, Jcos®, ysinlg, )

= cos(d, Jsin(@, ysinlg, Jsingp, ) cosid, ) +cos@, Jsin@, ) cosi, ysingp, Jsing, J + sin(@, ycos@, )sin(d ycos, ) sindg, )
~sint@, yeos®; Jeos@, )singg, ) sinig, } —cos@, ) sin(B, )sinl, ) cos@, )sing,) — i, yoos (B, )sing, ) sinig, )cosid,)

=cos(@, )sin(@, ) sindg; ysing, Ycosih, ) —sinB, yeos(?, )sin(@, ) sin@, Jcos, )
+cosif; Isin@, yoosh, ysingg, )sing, } —sini@, Jcos(d, yeosid, ysinlh, ysindd)
+sin(, ycosld, singg ) cos@, Ysin@, ) —cos(@, )sing@, )sing, yoos(g, sing, )

=sin(p, )sin{g, yoos(d; Y cosd, ysin@, ) —siniB, yeos{,
+cosh )singg, ysin(g; Dicos@, )sin@; ) —~sinB; yoos(0; )]
+sin(g, Jeos@, ysin(@, sin@, Yeos@, ) —cos@, )sinff; )]

= sin{g, ) sin(@, ) cos{¢g, )sin(f, — 6,)
+ cos(g, ) sin{¢, ) sin(¢, }sin(d; ~6,)
+ sin($, ycos(¢, }sin(g; )sin(@, — 6, }

[00103)] Rank deficiency situations will now be
discussed. When the determinant is equal to 0, the
mixing matrix is rank deficient. This occurs in the

following cases:

1001041 The ‘x’ and ‘y’ elements are receiving the

same contribution from all three signals.



discussed. When the determinant is equal to 0, the mixing matrix is rank

deficient. This occurs in the following cases: [00104]The X' and 'y’

elements are receiving the same contribution from all three |qn@| - 28 -
WORHRI5EH00 0090 090 0 90 00 90 90 90 ANl

- 2B =

2) &, N 8

¢ 0 0
G 0 ape
0 80° O
90® O 0

oge® 90° 90°

{00105] Add 180 degrees to any combination of table
entries for another rank deficient instance. These are
occurrances when the signals are not being
independently summed by a sufficient combination of

antenna elements.

3} A1l the individual sums do not egual 0 per
1 or 2, but:

sin{¢, }sin{g, ycos(g; ) sin(8, —6,)
+cos(f, ) sin(g, ) sin(4; ) sin(6; — ;)
+sin(d, ) cos(d, ) sin{g; ) sin(8, —0,) =0

100106} This implies a small solid angle of
separation between the signals, near equal pclarization
of the signals, signals aligned but coming from
opposite sides of the array, or some other very
unlikely happenstance of signal incidence resulting in
the same energy level to both elements.

[00107] As discussed above, the section of the
roadmap addresses antenna configurations. The above
described antenna configurations, including
uncerrelated sensors, may be combined in a variety of
different configurations for providing the summed

signals of the M source signals to the mixing matrix.



[00105]Add 180 degrees to any combination of table entries for another
rank deficient instance. These are occurrences when the signals are not
being independently summed by a sufficient combination of antenna
WRIHIHENYY 3) All the individual sums do not equal 0 pBf ¥ o8 Hiif
sin(951)sin(462)cos(0,)sin(02 -01) +cos0,)sin(02)sin(C)sin(03 -02)
+sin(03cos(C)sin(0")sin(01 -03) = 0 [00106]This implies a small solid
angle of separation between the signglszgegr equal polarization of the
signals, signals aligned but coming from opposite sides of the array, or

some qdigiodery unlikely happepstance etsigngl incideprsesultingn the
same energy level to both elements. 00107%As djscussed above, t

g th
sectiorf BY & r638nial adaPess Aty configdafionse The atove” ™
descrilségamte npa topdiguratiols, incRrlingemcdirelatd-sansorsr yaay #él

combined i} a.variety ofidiffgrenheanfigurations for prviding.the; summed
signals of the M source signals to the mixing matrix. - 29 -

[001081REFER T nBWHEIC S, & LorimdhicaliGRe s*onals, with N

and M being greatexr than 1.

[GOL0S] The N antenna elements comprises at least one
antenna element 204 for receiving at least one of the N
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 elements are
correlated, uncorrelated and polarized.

(00110} A receiver 210 is connected to the antenna
array 202 for receiving the at least N different
summations of the M source signals. A blind signal
separation processor 212 is connected to the receiver
for forming a mixing matrix 214 comprising the at least
N different summations of the M source signals. The
mixing matrix has a rank egual up te at least N, and
the blind signal separation processor 212 separates
desired source signals 216 from the mixing matrix A.
(06111} The third section of the roadmap addresses
enhancements to the antenna configurations provided in
the second section. The enhancements are made 50 that
additional or replacements summations of the source
signals are collected to further populate the mixing
matrix A,

£001123% One enhancement involves array deflection for

receiving additional sums of signals for use by the



device 200 for Separating source signals provided by M signal sources will
be discussed. The antenna array 202 comprises N antenna elements for

receivin_c}; at least N different summations of the M source s sz"%{é%% 9
Wgﬁﬁ"ﬁ/f’%éﬁ?g greater than 1. [00109]The N antenna elemenggg)mprlses a
least one antenna element 204 for receiving at least one of the N different
summations of the M source signals, and at least two correlated antenna
elements 206 for receiving at least two %foth_e N different summations of
the M source signals. The two correlated antenna elements 206 are

uncorrgigted il the antennareiemeant20d The antenam atiyhany
include agd!iitliionaellantgngg eleﬁq;er‘lits igev%ggsi%%mbin fions.in which the
elemefts&fe Correrated, Uncorrelated an po‘farlze .p[o 110§A receiver
210 is comreeidd td tha Brreana AT 20240r FCeib g tHd af RSN
differept sygrnations of the dy source signals. A blind signal separation
proces is cqnnected to the.receiver for forming.a mixi trix 214
compriicl%gg hé at Igagtoﬁmd%ﬁéfearﬁlsounrﬁ mdeeﬁﬁﬁ%o t H;gfﬂogoﬁ%ggié%%géﬁg?
The mBdng tragianas a RERKAGES WY 8 ot icaINSaRETRE BIFtPSighRF 2y
separafion RrAcRssor 212 separaies dasimkaouicersigaais: 26 deomibe
mixinagnatr 2 [0 e it aggtion ol {1e JoamaR a0ALe Y eahents
enhancémenkfs t§ & Antenna con igurations provided in the secon
sectior® 4Phd enhesiceméntsdat fableiad tHataddirionar b Féslatements

summations ¢f the goyiee signals aurmoliesiad i fukkenpeputade the
mixing matrif}A. (0] %1219{1en%ghagc%meﬂén\é '};’85 arrrn%\éggggcg%n for
receivirs'@g;"ﬂ:fl ifional SUms oF&gna?s foruse y the - 506" mixing matrix A
without haviy rradardddiiendl d@enfrrelttentsivelay daAsgisy an
involves; eeakelingantenna-patie st ndherad muthrand/er elevation

dwecu%ﬂ&terns for generating at least one additional antenna
pattern so that at least one additional different
sunmation of the M source signals is received thereby.
[00114] A receiver 248 iz 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.
[0O115] A blind signal separaticn processor 250 is
connaected to the receiver 248 for forming a mixing
matrix 252 comprising the N different summations of the
M source signals and the at least cne additional
different summation of the M scurce 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.



[00113]A communications device 240 for separating source signals
provided by M signal sources using array deflection will now be discussed

in reference to FIG. 9. The antenna array 242 comprises N antenna

WRIZIHRKTYY44 for generating N initial antenna patterns for réCeVing N oo

different summations of the M source signals. The antenna array 242 also
comprises an elevation controller 246 for selectively changing an elevation
of at least one of the N initial antenna_pat{erns for generating at least one
additional antenna pattern so that at least one additional different

summatien of the Msogeee signalsds reaeedtherely. [RdrdsA]Areceiver
248 s connected 1q the anienna array 292 andt reseives e N gifferent

summAtSHs Of thé M'sourde slsgr?aﬁ% using the N Initial antenna patterns,
and alsd rebeivesthemriasast snedddifolalditferentddmmatisn of the }f
source;sighRals ¥aing theeatileast onecadditipnabantenia patteraifOoidaiA
blind signal separation processor 230 is connected tq.the receiver 248 for
formina%admr?%i bnr%arfﬁ(g Ly élg’r%%%%insgl&neaﬁl di gre%tg té:ummatjons of the
M soursetsignalsand thesaficastbasé addtidhadferénfsdmitdtdn of
the M gpukca-3igoals fha- Mixing.Mathx eson radk eolal te & piugithe
number 0 itional different summations of the M sgurce signals X
receiveEt? (l{fg"n the% d%%%a?%%?gr?%gégaifegﬁg}T% pgro%:essor 2501{1to
separaids tiriredadignalsaB5e $istheferthiding tnafie 81 4862 18fintne

generat, any A0teRRA SFEAY; e ants Which pepddas wigrelrSIwnsisiitainte 4ar

increasing the rank of the mgihrflsg matrix ca% pe.uti_lizgecgrwji:[gs% glgélg'ctig@

mechaP¥m®thé’déretion will generate two distinct and mixing matrix

usabletdignahsemeaop eaeh cRthePavietifa HrrayTHesAsnThave isselt

therefoggp 2itines multipliar etfestby asitizationsf thisetechnigee number

(001171 E the array deflection Is,3eAMENEIIO K may be 2vxon.
(001183 For illustratien purposes, rveference is
directed to FIG. 10 in which the switched beam antenna
1006’ shown in FIG. 4 has been modified so that the
antenna patterns may be tilted up or down in elevation.
In particular, each upper half 104a’ of the passive
antenna elements 1047 is connected to the ground plane
106° through a reactive load 10B’. Each lower half
104L* of the passive antenna elements 1047 is also
connected to the ground plane 106’ through a reactive
load 108¢. A reactance on the passive antenna elements
104’ has the effect of lengthening or shortening the
passive antenna element. Inductive loads lengthen and
capacitive loads shorten the electrical length of the
passive antenna elements 1047 .
(00119} An antenna beam is tilted up and down in
elevation in accordance with the ratios of the reactive
loads 10B’ of the upper halves 104a’ and the reactive
loads 118’ of the lower halves 104b’. By adjusting the

ratio, the antenna pattern can point up 87 or down 88,



distinct areas associated with an antenna, each of the K areas can
provide for 2 independent deflection areas and entries into the mixing
matrix. For instance, if the antenna array can provide N summations b
Wikt d%Here are K distinct deflection areas, the number &%?&F%Pgﬂ%ﬁ%ﬁf’
in the mixing matrix may be 2*K*N. [00118]Fox illustration purposes,
reference is directed to FIG. 10 in which the switched beam antenna 100’
shown in FIG. 4 has been modified so_thjag the antenna patterns may be
tilted up or down in elevation. In particular, each upper half 104a’ of the

passive antenina elaments 4 04t és. cannected to-thergaund:plane 3061
through a reactive #8% %%8'1:Fach.lower half 104b’,of the pa%si\éﬁ antenna

elemen]fgri}bi* Ts &S0 Connected f&l%lenarénl?r?cf %)i(ar%e i %ptharoug 2 =E30R

reactiveigadd 108’ aA reaskice BAthePaddiva Aitemed etemests 102’ fas
the effegt.oflengthaning arshofteningdhepassive aaterna atmentignals
Inductive loads lengthen capacitive lpads shorten the electrical length
of the pcaiasnsi%é:3 a%?ecgﬁﬁg ee?g%w%%tg %%ﬂj[ﬁbﬂigﬁl&%%ln}fe%ng chjaor‘hlgls l?ﬁtggng
up anddowndn edegatidre imatterdafce Mitrne raiivsesitihdeactive

loads 19 dhe uppes halves 104a: anddbesieactiveloadsalsld ofthe inct
lower halves 104b'. By adjusting. the ratia, the anten ern_can point

up 97 oc?edfg’v'c\jlﬁtglé),n- ao?%e-aés ﬁﬂj%?’rajtg a|ri1 e iﬁqgéﬁ%ﬁeiﬁditionm
rank is BRRicEREEe Aifihg MaripAtieh asefevdticimangkebiahty of

antenngpatterpas adiustechinpaorivea pixed sighal-Weingr e atliey
deflection, more %gnals can be rec%{ved for ti])eemlx%g matrix A \é"éthogé

mber o S L% 4 .[BBl%BT?MS €

having PTRE e (ReFGmbEISt antenng elements
particukak irple mentdtiord iak22 ISttt ldeflection areas individually

controllggbly ie reactencesck18's Theratkten genertiocarabiine ot the:

array is 3 independent patterns, therefore qze/ g r,of signal sums that
can be[L]J‘sSed oaér%%tfe&fﬁgaml&ﬁgl ?ﬁla(t?\r’f&'is]tl ipzégl ?.%Ooﬂgi']%eaelrseﬁ%g%s
directedttw the adstinesteferdriae &), 8¢ Fage ANAPPREANGIP NG ML WOBSLES2,

which digelpses hawdo adiust artenve-beamsdarpleyationdy deatgiplied
detail. The array geflgction technjque maé/dbe agglied to any of the above
ab an v

discussedl &Rteriia AftayPove drscuss nna art
embodiments, or any other antenna array which is
sensitive to ground plane interactions.
fooizz] Another embodiment of the elevation
controller is based upon a controllable RF choke 270
coupled to the ground plane 272 of an antenna element
274, as illustrated in FIG. 12, The antenna pattern
associated with the antenna element 274 is moved in
elevation by controlling the RF chcoke 270, as readily
appreciated by thcese skilled in the art.
{00123] A communications device 300 for separating
source signals provided by M signal sources based on
path selection will be discussed in reference to FIG.
13, This is another enhancement to the antenna
configurations provided in the second section of the

roadmap, as well as an enhancement to the array

deflection discussed above. The communications device



embodiments, or any other antenna array which is sensitive to ground
plane interactions. [00122]Another embodiment of the elevation controller
is based upon a controllable RF choke 270 coupled to the qr

WO 28080 4%ntenna element 274, as illustrated in FIG. 12. T%égglﬁ ezﬁ#?éagsng
pattern associated with the antenna element 274 is moved in elevation by
controlling the RF choke 270, as readily appreciated by those skilled in the
art. [00123]A communications device 300;far separating source signals
provided by M signal sources based on path selection will be discussed in
referersm@te bor 18 4 is: isanether enfragcad2nttenthe ahtenna
configyratipns-proyided in the, speppd section.af the.roadmap,agyuelk3s
an enhancement to the array deflection discussed above. The
commuieativhRtéVice ©2583 B0Y EbRTFTeSaRMMte RS ffay-362M
comprising deelergents 304 fenfarming at leashhl antenverbeams for

receivi@@:ﬁ@ﬁ?ﬁ Ndiffsrent. symmagians of the M spurce Signals with: N,
and M being greater than 2. [00124)A controller 306 is connected to the

antenndrafay FoF sefd@rely fornihg therat (38t Rtan@tha Beahic v
receiveyeassemhily 3884s wonneciechta thacmtesna ankey-362 fonreceiving
the at least N different s iong of the M saurce signals, & lind signal
separa%ﬁegpoaceas%b?%1%%(%? ne%éggtolmg receiver 'assesm bly 308 for
forming BEARGRRMBETESE 2 mpfisimtul) t8IHELR 184 R diffeferlind
summatiens Of e M source signalss@0125) The kinthsigned sepatakon
processor 310 also determines if the different s tions.o M sqytce
s.ignalsrgF:eeJ’C‘(S‘rarléIaat"?(’aféle(r)%rgJ ?%t%%gal?f in e%ﬁdjegt{[,g %Lﬁ ngt, t%gﬁl .
cooperaBngriithtEewWoritrolfdh B 06 forsfimify diffdierebeafigmgtions of

receivipgew ghfferant stgaamations of the M source signals to replace the

different ations of the M. source signals that.are not carrelated oy
statisti aoﬁj)l)i r%:l%eperﬁ'eentgl% Jtﬂg rﬁ&?ﬁ& '?n%ter&agf .J“Fﬁle %é%(lére?j gource

sighalsa34 ate themiseparafed hond #ié aikiig AlEAR Bigns 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
independent in the mixing matrix 312. The desired
source signals 314 are then separated from the mixing
matrix 312.

[0012861 A rake receiver is a radio receiver designed
to counter the effects of multipath fading. It does
this by using several independent receivers each
delayed slightly in order to tune in to the individual
multipath components. It can be used by most types of
radio access networks. It has been found to be
especially beneficial for spreading code types of

modulation. Its ability to select specific incident



00126)A rake receiver is a radio receiver designed to counter the effects
of multipath fading. It does this by using several independent receivers

wEaghrelayed slightly in order to tune in to the individual multipathsear/essi e
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 - 34 - signal paths make it
suitable as a means to change the paths#ed-to the blind signal separation
processing. [00127]Selectively forming the N antenna beams as
discussédzibbvieairiay Be kppliedtsdkRdioatce S8atstivorks cas rogdiye
undersgaed byhosesskiied i theyagtk HorCHOMA systemsptha:acaiver
assenglogkgg comgriies N, ralie r(-:;fceivers 3_1%. Egch rgke recgiver 316
comprises n%gers Fores%ﬁé&?ng k differé) r’ﬁu‘ftipatﬁnco%iﬁ‘g‘neﬁtasmfgoraesach
one of ¢ie N giffaleabeummatiohs cfrhéifdsdirce kigrald receresEby the

respect¥e.aiganaalemant connacied shsretop in this configuration sthecne
blind signtal segarat&'%glgroce sor 310 js connected to the N r. ke3r0e8ceivers
316 for flc')rr'ning?ﬁe mlxing‘c’%'isa fix 31 .hFhé:erﬁ&erana Fix gomprises

up to attEwstide differe makipaity eom@dfentsfaicthezaieaseNediffere Al 6

summatigns-9kthe M 8oHe signsds,sand the MIXINGNatH* Has &haRKpath
equal up to kN. 901 81:Iné)argcular, w er]HCD é\,vg[veforrg]s E)#h(l)rgatgiate
they oft S BRAEBLRTer MUITE hathe ffom the Sodtes 18 1ha detiiation &
rake recéivers3 16 foyupecifisatip absigreas iy edphret aunsiseestifese

individyglipgtancesard comahinedhesn faeadngre rabushsignal decoding.
While the arjginal signal p{ggag{[_es alon%ﬁe Chﬁé)ath’ |tt:sigtrlopertles are

modifie?f&;:t 3%‘%&88 chaacteristids Drifha pa Pt 86mé cificamstanées,

the modifcatd nconrctederionhandl/orstatiskes propertiidof the

receiveghsignak Witk berarge enesgh; so shat theyheambeitreateskas x 312
separable signal streams. étmggified rake ‘_r,Lefcfei\!/:eern %16 could be used to

extract & Sdifisy statn anctfeed 454 uenlque e%?r%/tlﬁ?oa e mixing

matrix 832pYvirite: thisinshas of ideeasitg dAd Famk will poradbaysHeot

availabledt pr 353 M4l tendtahe avalableinighdyuliipatl x has 2 rank
egqual up to kN.
[oo128] In particular, when CBMA waveforms propagate
they often encounter multiple paths from the source to
the destination. A rake receiver 316 is specifically
designed to capture a number of these individual
instances and combine them for a more robust signal
decoding. While the original signal propagates along
each path, its properties are modified by the unique
characteristics of the path. In some cilrcumstances,
the medification to the correlation and/or statistical
properties of the received signal will be large enough
so that they can be treated as separable signal
streams. A modified rake receiver 316 could be used to
extract each modified stream and feed it as a uniqgue
entry into the mixing matrix 312. While this means of

increasing the rank will not always be available, it



environments when it is most likely needed. [00129]While a rake receiver
316 can exploit the different paths, the more general approach applicable

wi® Amorasiulation technique is beam forming, as discussedsaraferaneestqy
FIG. 13. This differs from the rake receiver 316 since beam forming is
used for desired signal enhancement as well as desired signal rejection.
The difference however is that the rejected signal may actually be another
version of the signal intended for the rec&ver. However, the receiver
assembly 308 needs to detect a number of these unique propagation path

version5 ot the Bane siifat T Ider o Baild #7E mMi%iig-REtx 312 to a
sufficiestt vamknf88H30]|Fherfoiutthisectior: ot the igadmeagpeaddresses signal

splitting é@r Buther pepulating thednixing fpatiaisIn.QReApgach, the
summation signals are split using spreading codes. In another approach,

the surfitiatforf Rigrikis re s UBRRFiINIPRSSE Y1) 205 GRShraRRe (SRR e
modules: [80%3iSighat Splittingrhsinguspreadirgcotesmiil nove He
discussgd in, efesence 1 £l G. 44 The iistrajed commuinigations.device

400 comprises an antenna array 402 comprising N antenna elements 404

for rec&fifng &k fedS 3 tifdrett EUPiREtionSas thefiLrte d5RaIsTRr
code despisaders4964as cenhesteshtonthe N antenne elbmentsid84 dor 1

decoding {pe.at east N different.summations of thg M §99£Cecﬁk0r%é§-ecm

Each one of the N different summations includes k codes for providing k

differeft MM ARSh £ 6F Hid W sBEr & Sl %eEBERReA ThERSvitonal
[00132}Areceivdr Essevhlely 408 isreannetiedkto=the code tespieader 406

for recgiying,at ?%%Mgg@ Pl wak e SUTAMALNS ot the . Surce; gue

signals. A blind signal separation processor 410 is connected to the
receivé?%ﬁﬁ?f%gﬁpfo‘?ﬁﬁﬁg%‘miRiﬁgtﬁ\%tﬁffﬂizsé&ﬂﬁﬁsﬁib fHeiaE
least kicdiffeidnt sinenreticng ohtier M sBlfce: signals.fEhe Meixing: aradrix

412 hagy saily equal UpAg KNy, The hlind sighal separalion pracessor 410

S ey So it ng Foa i ther pooilatihg the ising
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.
[00131] Signal splitting using spreading codes will
now be discussed in reference to FIG. 14. The
illustrated communications device 400 comprises an
antenna array 402 comprising N antenna elements 404 for
receiving at least N different summations of the M
source signals. B code despreader 406 1s connected to
the N antenna elements 404 for decoding the at least N
different summations of the M source signals. Each one
of the N different summations includes k codes for
providing k different summations of the M source
signals associated therewith.
[00132] R receiver assembly 408 is connected to the

code despreader 406 for receiving at least kN different



[00133]Depending on the modulation of the received signals, the above
described signal splitting may be used for increasing the rank of the
mixing matrix A without increasing the number N of antenn (% N Sags110
WEBRMATEY5, CDMA2000 and WCDMA are examples of spreéad-Spectrim
communications systems in which spreading codes are used. A common
thread is that a unique code is processed with each signal to spread the
data over a larger frequency band. [00134]|The same spreading code is
processed with the received signal sum (desired signal, undesired signals
and unkpiewut Deise 5QUKGRS)M This:eauses ¢ie desires signaktahbgnal
reconsiiycled back lo,ls.original fieguenay papdidin Wil the. o v .
interfefers are sprea%lrovert e wide frequency band. [681 TTﬁe above
listed GBMAFIDIERRNEaTOAS BRitEPhave hranaidgital tiearsmprising
simultangously using the sanre freguensy-hand Jaach sighal sireamruses
a code tharth_ﬁ ideal%/h%rtgog(lagal toa%IlI, 3t_f;{e Jo Qeti%.slf %his copditiounaiﬁ met at
the decsf}ger, itreans that on[)g the signal of interest will Be cﬁaqspreaa?lf
the codd® of tREKthlsighapébiel sarPBLisdPordispreadingt e resultant
received signal sy ekiwilkbe sesily mageup ofian nueasrd amplituge
sk term and.eit}%%r unchanged or lower valued k-1 terms. - 37 -
[00136"]\??‘%5%0 en’is some correlation between the CDMA signals, so the
interferi@g tigials drersorabnhatretbastradietbalony whhthe desiedged
signal. iRy ds oftendugtesheflelay experiengasiby e ndiviguad signals,
and also the multipath occurrences of thﬁ si%natlg. Some of the 1:uz“_nJ.Ldﬁ{es?lred
signal* EEpertily e EBMA%NES, WithifcPeade in Valie. TR mcrease
will notwies asugignificest abnfor the dusiiedrsinaf, muttiennlk skl émsebse

the overgllnaise yalue,aad sherefate desieass the signalde-naisegatiog
[00137]The form of the despread signals equatjon ﬁpd We sigggcljsin

themsei98S BBt HEEHRH R for Blih Pighat Eeparatior précéssing fh fact,
if one ofdhiesdispreading codeisrindividiugihy applicidor eaehigusvgode

signal rfsceﬁ\f%%@/st@& AP WYeatians eviee, 499  individual supamatiensa

that m%(%trgeerlcf@ Q%%%Icrg%éfyents are obtained.
f00134] The same spreading ccode is processed with the
received signal sum (desired signal, undesired signals
and unknown noise sources). This causes the desired
signal to be reconstructed back to its original
freguency bandwidth, while the interferers are spread
over the wide frequency band.
1001357 The above listed CDMA implementations
actually have many signal streams simultaneously using
the same fregquency band. Each signal stream uses a
code that is ideally orthogonal to all the others. If
this condition is met at the decoder, it means that
only the signal of interest will be despread. 1II the
code of the Kth signal of the sum is used for
dispreading, the resultant received signal sum x; will
be mostly made up of an increased amplitude s, term and

either unchanged or lower valued k-1 terms.



[00138]Therefore, there are as many row entries available for the mixing
matrix as known codes, assuming of course, that they each produce

wiingathyHogependent significant value. Under the right circumstances-itrsi19
will allow an increase of the mixing matrix to a value greater than the

number of codes. For example, N antenna elements and M codes may
provide NM matrix rows. (00139)For illustrative purposes, 3 codes are
assumed known and the 3 known code 8igjnals retain their orthogonality.
In the code despreader 406, the mixing matrix A has top 3 rows and
bottom§ Pé#8leactT BaBR0 T 2Rt ind SRR Bt HadfsheaHEARs Been

despreaoidy $1e;3Rqwesades. e offediaggnal @values ae shiretonthe
ool L S He U MU R oAt
. often due o the delay experienced by the individual

signals, and also the multipath occurrences of the
signals. Some of the undesired signals, especially the
CDMA ones, will increase in value. The increase will
not be as significant as for the desired signal, but it
will still increase the overall noise wvalue, and
therefore decrease the signal-to-noise ratio.
[00137] The form of the despread signals equation and
the signals themselves meet the criteria for blind
signal separation processing. In fact, 1f one of the
dispreading codes is individually applied for each
known signal received by the communications device 400,
individual summaticons that meet the ICA model
requirements are obtained.
[00138] Therefore, there are as many row entries
available for the mixing matrix as known codes,
assuming of course, that they each produce linsarly
independent significant value. Under the right
circumstances this will a2llow an increase of the mixing
matriz to a value greater than the number of codes. For
example, N antenna elements and M codes may provide WM
matrix rows.
[G0139] For illustrative purposes, 3 codes are
assumed known and the 3 known code signals retain their
orthogonalitv. In the code despreader 406, the mixing
matrix A has top 3 rows and bottom 3 rows sach 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
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entries 4, 5 and & are for the general case of unknown

signals of the same index.

) a; 0 0 a4, a; agls
Xy 0 a, 0 a, a5 axls
¥ 10 0 ay ay a gy
Xy ag, 0 0 a, a; a,fs
X5 0 a, 0 ay ag agls
(%] |0 O g, ay i a5

(001407 The signals corresponding to the column
entries 4, 5 and 6 can be 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 obeyving the central limit
theorem so that they appear as 2 single Gaussian
signal, e.g., release 4 channels. In other words, a
sufficient amount of non-random signals will add up to
a Gaussian signal. The interferers may be Non—-Gaussian
signal sources or at most one Gaussian signal unknown
to the network.

1001412 After despreading the known codes in the code
despreader 406, the blind signal sepération processo#
410 receives a mixing matrix 412 of rank 6. The rank
of 6 is derived based upon 2 antenna elements
multiplied by a factor of 3 since 3 codes are known.
[0o142] The 6 signals are applied to the blind signal
separation processor 410 wherein the mixing matrix 412
having a rank of €& is formed. The blind signal
separation processor 410 determines the separation
matrix W from only the received signals modified by the
channels: % = As. In the illustrated example, 6 signals

are separsble.
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{00143]) The blind signal separation processor 410
selects the signals to be decoded. For example, the
interferer signals may be dropped and all versions of
the desired signals are selected. The selected signals
are applied to a demodulator module for demodulation.
The demodulator uses well known eqgualization technigues
that combine the multipath versions of the same signal.
[00144} in the more general case the off diagonal
values shown as 0 above for simplicity, could actually
be nonzero. This would be the more usual case when the
correlation properties between the coded signals are
not perfect. This would represent additional noise to
each separated signal. However, as previously shown the
rank of the matrizx is sufficient to separate these
signals, so their value will be significantly reduced
after the blind signal separation processing. This
leads to a decrease in noise, an increase in signal to
noise ratio, and as indicated by Shannon’s law an
increase in channel capacity.

fO0L45] Referring now to FIG. 15, the other approach
for increasing the rank of the mixing matrix A without
increasing the number N of antenna elements is to
separate a received mixed signal into its in-phase (I)
and quadrature (Q) components. I and Q components of a
coherent RF signal are components whose amplitudes are
the same but whose phases are separated by S0 degrees.
(001467 The communications device 500 comprises an
antenna array 502 comprising N antenna elements 504 for
receiving at least N different summations of the M
source signals. A respective in-phase and guadrature
module 506 is downstream to each antenna element 504

for separating each one of the N different summations
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of the M scource signals recsived thereby inte an in-
phase and guadrature componeéent set,

(601473 A receiver assembly 508 is downstream to each
in-phase and qguadrature module 506 for receiving the at
least N in-phase and quadrature component sets for the
at least N different summations of 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
guadrature component set provides 2 inputs into the
mixing matrix 312, The mixing matrix 512 has a rank
equal up to 2N, and the blind signal separation
processcr 510 separates desired source signals 314 from
the mixing matrix 512.

[00148] One of the respective I and Q modules 506
downstream from an antenna element 502 is illustrated
in FIG. 16, A mixed signal received at the antenna
element 502 is split by a pair of mixers 520. I and Q
components are commonly produced by translating an
intermediate frequency (IF) signal to another freguency
range with two synchronous detectors to which identical
reference signals 90 degrees out of phase are applied.
Together, the I and Q signals preserve the phase
information contained in the IF signel, thereby
enabling a signal having & positive frequency to be
differentiated from one having a negative freguency.
{00149} By separating the received mixed signals into
I and ¢ components, the size of the mixing matrix
increases by a factor of 2. &As long a&s the I and Q
components are encoded with different data streams,
then the mixed signal received at any antenna element

may be split into twe different mixed signals.
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[GOL50] In the case of differential encoding the
nature of the modulation needs to be analyzed to
determine if I and { meet the linearity reguirement.
For. instance, it has been shown for GSM that the GMSK
encoding can be assumed linear when used with
appropriate filtering, and processed in the receiver as
if it were BPSK encoding. Since BPSK meets the
reguirements for blind signal separation processing,
the I and Q process described can be used.

FCO15LY I and @ components can be used with any of
the above described antenna array embodiments to
populate the mixing matrix &, When I and @ is used,
the mixing matrix A& can be populated as if 2 times the
number ¢f antenna elements were used. Another example
could be the use of 2 antenna elements (a factor of 2}
that are uncorrelated with unegual 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.

(001521 This mechanism could also be used with the
antenna array deflection technigue to create more sums
of signals. Each of these sums could in turn also be
separated into I and Q components.

[00153] Another aspect of the invention is directed
£o undulating transmit paztterns to support effective
area coverage. Referring back to FIG. 3, this aspect
of the invention corresponds te Bleck 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 noise. As long

as the signal to noise ratio remains above specific
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thresholds, the desired signal can be decoded. The
problem is to design a communications system that down
grades these problems, while utilizing the benefits of
multiple communication paths to maximize the
effectiveness communication link and the overall
capacity ¢f the system.

[00154] The term undulation as used herein refers to
pattern contours €00, 602, 6064 with varying gains,
which may or mey not display degrees of symnetry, as
shown in FIG. 17. A receiver 610 is surrcunded by
three spaced apart fixed transmitters &20, 630, 640. A
key point is that the pattern contours 600, 602, 664
should not be non-rotated change in scale versions of
each other, as shown by pattern contours 650, 652, 854
in FIG. 18.

[00155] Similar contours in geometry are useable, as
long as they are rotations of each other. The three
patterns contours 660, 662, 664 shown in FIG. 19 are
all similar in geometry, and they are all usable
because they have different gains in each direction.
While similar pattern usage is explained, and in some
implementations will be the easiest way to implement
the patterns, the-set of patterns need not be similar.
All that is required is that the set members differ in
gain in each direction of transmission or reception of
a signal which serves as a channel path to the other
end or ends of the communication link.

f00156] In general, one plane of signal gain contour
is illustrated herein for ease of visualization. The
referenced undulations can oceur in azimuth, elevation
or in both orientations, i.e., on the surface of a
three-dimensional shape surrounding the antenna. Which

and to what degree each dimensional direction is



6 [00140]The signals corresponding to the column entries 4, 5 and 6 can
be 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
Wit CHRA signal groups obeying the central limit theore%@ﬁ%@&ﬁ'&%ﬂg
appear as a single Gaussian signal, e.g., release 4 channels. In other
words, a sufficient amount of non-random signals will add up to a
Gaussian signal. The interferers may be,Non-Gaussian signal sources or
at most one Gaussian signal unknown to the network. [00141]After

despreading ihe knoywrsedesn theLadedespreader 406, thedding o
signal separation processor 410 re%leives almjxinlg matrix 412 of rank 6.
e

The raRk D% eHe T84 brset ip8R P Afifenna Slemen

encatlon .
ments mu?tlplled by a
factor 6fi8strrad-8rcodes are known. [00142]The 6 signals are applied to
the bling sighal separation PrecessekAL0 whergin fae sixing matdy ik ge
having a rank of 6 is formed.ghe blind siggal segarati%ggroc%ssqr 419&)
deternfiies THE Eepharatién HAFRAW HER BRI the feceived ignals T °er
modifiett bydhewtmnnsldix edAgali thie Hishratad exampleegdsignals are
separaplg., ¢ 39 =I00143]Theklind signal seRaration PEASesSYALAn may

selects the signals to be decoded. For example, thg: interferer si%als may
be drofifed ahtF &M vEPEBng SFiRE Fsirdd Slyrals Ard Selcded s THE
selecteshgigratsdréappliedaosaiiensadulator module for demodulation.

The depgeduigior uses NalkkRawnRaualizationtechrigues thateambine

the multipath versions of the same, ﬁi nal. cetors
sector, to an arbitrari large number. The secto
rhemselves may be subdivided in the azimuth or
elevaticn, or azimuth 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 therefore
reduced to a classical handoff situatilon.
(00159} The receiver typically generates the pattern
changes suitable for BSS processing. In contrast, the
rtransmitter utilizes techniques so that a suitable B33
decoder environment at least partially exists. In some
implementations this will mean the receiver need not
generate any undulating patterns. In other
implementations, it means the number of undulating
patterns is significantly reduced.
[80160] One embodiment is for one fixed transmission
point 670 at an infrastructure site transmitting to a
wireless mobile communications device 8B0O, as showhn in
FIG. 20. This embodiment addresses the situation when
it is unknown whether other transmission sources in the
region are also operating. The transmit pattern

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



[00144]In the more general case the off diagonal values shown as 0
above for simplicity, could actually be nonzero. This would be the more
usual case when the correlation properties between the co ) 3@
W%c’a?%@ﬂf@éﬂ This would represent additional noise to each gé%f)dfafr%a%g Wikt
signal. However, as previously shown the rank of the matrix is sufficient to
separate these signals, so their value will be significantly reduced after the
blind signal separation processing. This Jgads to a decrease in noise, an
increase in signal to noise ratio, and as indicated by Shannon's law an
increase dn&nanngl rapacity. 004 4adBefeisingeaoy tod1shdlb, the ather
approagch for increasing the rank of the mixing matrix A without increasing
the nuimber N of antenna elements is to separate a received mixed signal
into itsiAG3EAde (1) Rl ghadriard (QrdNyIEnemat | BRBte o MpBnkhts
of a cohareat RF- signat age cRMporeRtsswbase amplitidesaaadhe same
but whoae phases, are sepataled by 20.4earees. [OI46IE ontour of
commdnications device 500 comprises an antenna array §82 comprising
N antebitfa siehients 304 fharceivinpatieadt Nogirerast SeRntardnd bre

the M squkce sighals v ragRestiva in-pbasesnd guadraigee module 506 is

downstrean;{ggach antenna element %%é;gr s%paratlggr%%ch one of the

N diﬁe?éﬁpsumrﬁé}?& s T60%%t the source Jélgr?acis recelvaé%lht%ereby
into antirephase alerggadattrEenthotidit-set. [00147]A receiver

assembdi; 28;is dommastrea;tpeeach in-phaseane guagdraiadodile.ave
506 for_receivin[%ﬂthe §te I‘()egft dhlu@-ggagg an%%gdratu e component sets

for the ‘Atleast N different summations of the durce é%%% $ R Hlind

signal separation pEbcedksF 30 isidoWhsircting 16 fre eebeiverristehtsly

508 fogfarmipgea mixing-maddx 532 eorprisingakleasiN dfterents ac
summatians of the M soyrce signals. E%;Q in-phase and quadrature

compo IS %re?rf)?o@%e%rifnap §1hto the msniing matrix 512. The mixing
matrix BAPLEAS a ratkreqRarFs & DA lahd e bihd ety faesepdratien 670
procesgek pf:separaies fesiredeairce-sgnals »i4 dramdbedainget
nﬁﬂnxé&%@rising 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 linsarly independent power level
time periods, where L > 2. The amplitude of each
symbol in the character set may be constant, with at
least two of the symbols being at different power
levels, for example.
{001641] While undulation covers all variations on the
power contour of a sector, a simplified implementation
weuld have the overall power level of the sector
change. The radiated pattern would therefore remain
the same in the mathematical sense c¢f the word similar.
[G0165] While all sectors of a specific base staticn
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



[00148]0ne of the respective | and Q modules 506 downstream from an
antenna element 502 is illustrated in FIG. 16. A mixed signal received at
the antenna element 502 is split by a pair of mixers 520. | and
WEGHSEIENES are commonly produced by translating an interhte 07/088119
frequency (IF) signal to another frequency range with two synchronous
detectors to which identical reference signals 90 degrees out of phase are
applied. Together, the | and Q signals preserve the phase information
contained in the IF signal, thereby enabliig a signal having a positive

frequency,q be;differentiaied ram gnenaving aeoala freguenty. the

(00149]By separating the received mixed signals into | and Q
compoRBRtd e S2EHFIRE xRy Tt SAiRRASadELBy SAaktdr ¢ 204% @
long as«thex| apgr@icammpaneatsate Bpcodedowitll diffenent Batalstreams,

hen MR SdNAL recelved asti%fgsé ankenna Slelpept Mahe LI ne

two different mixed signals. -41 - 50]In the case of differential
encodiigakesHatdre SFHTR Fdtiuldficn eI oH5d ShalyZEdto determine
if | and Q@gnent e ineariyoieniirment lyotiastaneeylithas higreskdewn
for GS that the GMAIEDEONO A0 bt 2pSUm b lnealnBRIHSR W the
appropriate flﬁerlng, and processed In the receiver as if it were BPSK
encodifg ESH@F BPSK fréetsherittfirdm8nid ot BiftrdighaPREparation
processinguihe ¥ ang Qnprosasssdescribed cabdre used @845 kandtQbe
components can be i y Qf the ahgyve described antenna atrav
embodﬁfﬁgﬁ%% Bégﬁa%t%‘%ég]t rggqrﬁ%dj %nagt?b?%.eewr?é%r% I %n% Q is used, the
mixing HafBCATEBe HopuldtctPas FRHTESiife HirberBramehna

elementswere.used. Another example could be the use of 2 antenna

e'eme“@% glor a2 dhar 95%89&8@%%&%‘9!@8 Wieghal PAUZatign 3 ,r,

factor o nd in combination with the I and Q components (a factor of
2+2-2) SEE QS MIFED STASTFEHEST Sl UntS ardtRnR Sate
[001529his aeslaanisne cosltkalsorbeeisetiwith ithe astephaarday ing
Coler bR Seanoit gl ot ) s
populate the matrix for BSS processing.
[GO0LE7] If there is a mix of transmitters using the
undulating signaling and others are not using it, the
receiver can use classical signal separation techniques
to account for them. Methods such as beam forming and
multi-user detection may be used, for instance.
However, the BSS method will usually be more robust.
When practical, the receiver can implement pattern
deformation and generate enough additional patterns to
increase the rank of the BSS matrix above the number of
signals to be separated.
{00168] For the BSS decoder implementation for
example, if three transmit pattern contours 682, 684,
686 with three signals are sent by the transmitter 670
and there are two cother signals being recelved, the
receiver 680 would need to generate at least two

contours tc separate the interferers against each



[00153]Another aspect of the invention is directed to undulating transmit
patterns to support effective area coverage. Referring back to FIG. 3, this

W&%&&%.ﬁg;@e invention corresponds to Block 92 in the transgpif{e&aq07/088119
processing section of the illustrated roadmap. Signals from external

transmitters are interferers to signals from sites a device is trying to
communicate with. This problem is mostly addressed by treating the
external signals as random noise. AsJdogg as the signal to noise ratio
remains above specific - 42 - thresholds, the desired signal can be
decodedhdhe probiensisttordesignre: commmipicationsrsystedyitiat dovween

grades, fhege preblems. (wbilg ilizing mbeaelitsefmyltinlesting its

communication paths to maximize the effectiveness communication, link

and the"BveraficaifadiFof AR SRRBHE 1681 SATFRE Tt UNYTIATSS A5SF
used hegein refel e 4@ pattedncamtours 600, 602, 604 with varying gains,

which may g6 may pet display degrees of-aymuelvh as-shawgindils. 17.
A receiver 610 is surrounded by three spaced apatrt fixed transmitters 620,

630, 63T 2eRe? hONR i tAAPHRE pBAER cHRToMR 6T 662 5G4 Endtid not
be nomeeiated changeoinaseale wersionsiofidéach oltwers assstewaune the

pattern, ¢gntqu r$:59:822.604 in HIG. 18-{QQL35ISmilas coptQy sihanged

geometry are useable, as long as they are rotations of each other. The

! h
three patlérnsiGortourd 560E6RD, BRI IAEIB: 5o ARS ali RTAF HF e~
geomeiny angd thene aesf altaisabie Hechyskethpyvrave-tiffeyent gairsiin

each direction; While similar, patiern ysageds £Xpainsd. A0KJ0 SYVeshape

implementations will be the easiest way to implement the patterns, the set
of patt@fns-REBeABB sintitaro MV HERSs FaG6Ted i 878 the SAFMRthBSrs
differ ingain érepehrdié@ctiorB8btransnwssiomgomrece ptonadfia stgnal

which SERE8.33 3. ANISRAIEGIe Aer £1006eRds O iiCanpa s tude

communication link. [00156]In general, one plane of signal gain contour is

illustraféd RetdinTor 8488 S\AsRRNERiSH FTh& 1RRr8REEGURAA%ISRS B
occur inragziguithn etevationyortisrbdthsonentations; i.el omtre subfacecofa

three-dimensiqnal.shane sugrounding the antappa=Which and iwhat
degree each dimensional direction is )
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 scmetimes occur, it is not
always practical or the most reliable.
f00L170} A pattern transmitter in the receive mode may
be used. Since BSS processing of multiple pattern
contours is an excellent method for signal separation,
the same techniques used to generate the transmit
patterns can also be used to generate multiple receiver
values. The only cost factor for 355 reception when
transmission is already supported, is therefore the BSS
processing overnead.
[00171] User equipment receiver 680 feedback €80 to
the transmitter 670 may also be used. While not

strictly necessary, feedback information from the user



- 43 - actually deformed and therefore used is a function of projected
benefit and physical implementation limitations. [00157]The basic concept

is to use sectored coverage patterns at the infrastructure sites. The actual
WRUAHBE BPEectors utilized varies with capacity needs and relatel BoEY#8119

factors. For example, a base station may be divided into 3 sectors, with
each sector being supported by a transmitter. [00158]Implementations
may vary from a single sector, to an arbifrarily large number. The sectors
themselves may be subdivided in the azimuth or elevation, or azimuth and

elevatiegpignescAkaibesefisebusing sectosag isdhaiialleyviatas the
need for Iracking the, device atthe,other,gnd ofihe link as per the peam
forming met od.?.eavmg The coverage region 6f Gné Sector for another is

therefoféGedtieed &8 efssiEHHaMAGT ShBatef I fF0 18D Fhé e cerer
typicallyrgenerates fhe paterashenge peuitakiefos 838 pragessingnin
contras, Ihe yanspitier llzes techuiguae sq AR SUIBDIGBES oo
decoder environment at least partially exists. In some implementations

this wilk Ffedinife ec&iVer peRdETyasarts aiPuRdarRtihgPattérns. In
other implemeatatians, ik means the:sumker QluwadyladingRaltensdss
significantly reduced. [00160]0One embodiment.is for pne fix
e e L e Home, of e
mobile EbiHaTIHEAS0FS WEVidee6 88 as s owh i FiBabosahisnce each
embodjyent addiessesie siuatien When itbisdidowr whether ehenhg

transml':s!_?ion sources jn the re i0£1 %re also.operating. The tragsmit
e cour%% ¥ 83 %%‘@O ransr:alfsistlc&m -8, change from
pattern contours 682, 684, may be tndulated in'a timihg

M to N contours). Adjustments in contour changes per

symbol will need to be conveyed to the receiver for
best performance.

[eo1i72] As readily understood by those skilled in the
art, a scurce signal transmitted by the transmitter 670
is defined by a character set comprising a plurality of
symbols, and at least one of the symbols in the
character set is transmitted at a different power level
s0 that the transmitted source signal appears with L
linearly independent power level time periods, where L
> 2.

[60173] While changing per symbel will be practical
in some applications, it will often be more robust to
make changes on a symbol or multiple symbol basis. This
is because changing the power level during a symbol may
have unacceptable changes in the symbol itself. Since
the signal separation matrices are normally derived
from a number of symbols, this is an acceptable
implementation from z receiver processing viewpoint.
[00174] dnother embodiment involves multiple
transmission points that are known to be using the

above-described approach. Each transmitter is capable



- 44 - sequencing know to the receiver 680, as shown in FIG. 21.
[00161]The changes in the transmit pattern may be timed to coincide with

divisions of the transmit symbol. Instead of bore sight mov t
WRABUF8F the pattern is changed and held constant for eac t(liﬁrir;]}“gésﬁlﬁ{ossng

The coverage area therefore does not significantly change, and there is
no foresight tracking issue to contend with. [00162]The receiver will
experience a change in wave front pawgpglevel due to the changing
transmission contours. The BSS matrix will therefore be populated with

the differepcesofdhe viariausmsignabstreanss al differeat selabivergsie,
values, L%%%f*%lt'\%%ﬁ:e artieularly, the fixed transmjtter, {:%a%‘aenso’;%'ti a ;
source S|gnazflde iIhed by a character set comprising a plurality of symbols,
and at¥eHsrore i the SUPRbORMAThECIArAcotesatISrdisHitRtlaltde
differeptrewer develisa that thewsansmitad sewraa signal appearavite

Ilnearlyélndie er{dsent \ggrrlneve.l tlm% terlods, V\itheeremla}?.rzm hg@n@el‘gu e

of each SSym olin tﬁe C aracf“exrlsneqt mayrblex(:onstant, wit aéﬁeast two o
the syrhbofs béing BEEFRIGAR PO Vel oltaramiNe S 0Pa c4ltVmire 33

undulation cavers alkyariaions an thespewet €oPLOU=okaSarten Mum
simplified implementation Woukdatgave the overgg power IeﬁeJ of tafhsector
t

changd“TR& Taliatda Pattern would thérefore remain the SAme in te

matherfRREES Sensthst thankors sirhitamig0 DESIWRIE 4l sactBisepd the
specifig BaserSigkofources 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 matrixz will be
degenerative, and the rank will collapse to the number
of actual sources.

[00176] The receiver operation for the multi-
transmitter site implementation is basically the same
as for the single site. The difference is that the
patterns generated by each transmitter can be counted
at the receiver for BSS processing.

F00177] More robust operation however may be cbtained
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 equipment to establish
network wide pattern usage, orientations, power levels
and timing.

[DOL178] All the methods discussed above for building
the mixing matrix may be used as part of this

implementation.



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 - 95 - undulation amongst the sectgr g 07/088119
WEhEHEEY the receiver received a robust signal from secto?il:jr é)%oa Wk

signal from sector B, it would be preferable to undulate the robust signal
from sector A, and leave the weak signal from B at its higher level. This
implementation would actually be somewhat independent from which
signal was the desired one and which was the interferer. For instance, the

interfergpAight actuallyhs-tha pabustsigrak bukitsdevekhcarnatibected
reduced significantly due to the fact a minimum level is necessary fcireit to

commuRicHE Wift §8fh e 5T ddvika “[0tTED] I tha Teceived domihant
signals fre btldnemuend ormoid transmittt B bsingefrrgaad|diivgc o

signalipgs they recgjyer merely takes.samples duiing el paiiena sheage,
and uses the resultin gat% to I?Orf;ﬂ%terther@agsi)é ;or B§e§c9§%%esc§@%h e
[00167}/3REréTs AiX'6f tFARERTIters tsing the UndUlating signaling and
others drdusatuaging it; theémereiVeProarrdse elaystcalangaakseparation

techni%@%&@.acg%mg% themsMethads suchasbean. formingand en is
multi-user detection may be used, for instance. Hgvyaeevier{ ﬂﬁ% %énethod

will ustafFBRIMBrE PEbiist. WinEhSTARREY), B38 F8cE0EP Ran Tmplement
patterneefarmation dndmgererate enbbigh additivhalpatterisd ¢ ffcréase

the rank af the BSS matrixalhqee the sumbes:of signalsdole sepasatedcy,
[0016Er31t]3For the BSS decoder im&)ﬁli]([amentation for eﬁmgle, if thrgg tg%relasmit
patterrPEonidifis S8R B4 B UAR thFSe RiGitdls Aresent by the

transmitteri@ a0 b dotsxe idre -two other signals being received, the

receivey R8Qywouldead 1o gengrafecd) lpagt two coptawsitesararate the

”“eﬁeﬁgig%gggsgggg&nications devices 710, 720, 730
transmitting to a fixed access point 740 modulate their
RF patterns. The intended access point 740 and
unintended access points will therefore receive
different power level versions of the transmitted
signals. This provides the information necessary for
the intended access point 740 to populate the mixing
matrix for signal separation techniques.
[00181] . Still referring to FIG. 22, there are at
least J mobile wireless communications devices 710,
720, 730 transmitting at a same time, where J > 1.
Fach mobile wireless communications device transmits a
source signal defined by a respective character set
comprising a plurality of symbols. At least one of the
symbols in the respective character set is transmittred
at a different power level so that the transmitted
source signals from the at least J mobile wireless
communications devices appear with at least L to 1;
linearly independent pcower level time periods, where Ls

> 1 with at least one Lj> 1.



- 46 - other. This is three contours less than would have been needed if
the transmitter 670 were not generating its own set, so the implementation

Wg%%g@,yg&;he receiver 680 is always reduced. [00169]If a t@pls/rﬁgg@ﬁggﬁm
[

s'sending a single 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 being changed relative to all other received signals.
The transmitter 670 may therefore use assimple power change for the
overall pattern rather than needing to change the shape of the contour. If
only ongo sy istredtines isurnnrstat tive seceivén68B2BS S picde Ssitgbrill2

be able-tg, senarate themaven thrugh I his is hecause the paweice
changes necessary for its other stream is received, grouped inte£fe£er thhe

the on&igtrBAPHARDItad & g EBUFEE Brovid&EThe cperation’
If morexthashane they appear agrashigletB SSspriressir, tiflesI#e 730
receives G830 igelf uses.qibey Seharation 1geans, amkasds-yvasndulating

pattern generation capability. Whijle this scenario will somle_times occur, it

is not alwhys Practicdl 5 thé HBSERSDSgRT power level time périods.

[0G183] As noted above, (Ly*..*L;) linearly independent
power level time periods occurs when the power levels
are different for the J moblle wireless communications
devices 710, 720, 730. The maximum number of unique
relative power levels is (L.*.*L;}, and therefore, the
rank of the mixing matrix created by this means or in
combination with the other discussed means can exceed
the number of scurces 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.

f00184] The modulation can be as simple as changing
the transmitted power. This can be done independent of
the pattern’s contour, so omni-directional, sectored,
or even beam formed patterns can be used. Other
techniques such as changing the bore sight of a
transmission beam can &lso be used.

{00185} A particularly effective approach is to have
the transmitters use aligned time slots as discussed
above. The timing can be set by using internal clocks
in the devices, or synching up to a common time mark
sent by the intended access point 740. If there is
misalignment as to when the signals arrived at the
receiver, there is a degradation in the BSS processing
ability to separate the signals. Alignment can be

adjusted by determining the distances to the devices,



[00170]A pattern transmitter in the receive mode may be used. Since BSS
processing of multiple pattern contours is an excellent method for signal

wSShaatiae, the same techniques used to generate the transitpatiernssiio
can also be used to generate multiple receiver values. The only cost factor

for BSS reception when transmission is already supported, is therefore the
BSS processing overhead. [00171]User equipment receiver 680 feedback
690 to the transmitter 670 may also be agect. While not strictly necessary,
feedback information from the user - 47 - equipment receiver 680 can be
used t8nifBTE TR DV bRt afiSh BT thEIMKERY FF TRAGHCBE the
receivek 68043211 gatersinathe<degree tthwhidh-easkchangehia pattern
contour é%rgvidens uag% data. This information is fed back to the
transmitter 670. She transmitter 670 can then adjust its operation to

improvEP ik, ufiizeerR sEFowe P orsdalidd IdRSRtdITE et bt e s
commyrigationdinks: proe«af the adjastmentsseaunlg kepwhishlaaddass

what Seqyr%@gew%%pégs%%ysggeﬁnea@ {9any ghanges.are made;

during%ﬁe course of a symbol transmission (i.e., change from M to N
contouts ) XdjBsaRENtS ECEFRIA THEREYBEr SPnbbl Sl MY fRBe

conveyed {a the reeeiver fer bestirerfainansewhiid ijdsdeadilyon, the
undersigod yshosesiiled in fhe A2 sguicesinal bapspited by the

by =4 21V 2 P
transmitter 670 Is dee?lnedeby a character set comprising a plurality of
symbofsaitd At TSt Oe 6PRICSPRIBNE in Tife BRARRGBF Selfy Show
transmitted afgediffesentpewes devalssa thatdhe tearesmittech Soukes signad

appears with L linearly in ep%ndent po eyeltime periods, where | > 2
[00173?\7\\?hcﬁveecﬁ§n§fﬁg%%re sryr%f)%f Wil‘f%az%racti%::[ﬂ inEE')som]é agéll?cat?ohr?sa: ite

will ofted bEnrrre réPusE &P ATaRe eRaAbesith A%yAISSbrEeERipESymbol
basis. Thisigrecause ehapgingthe-ppeerdeyaladuring acembnk srayio
coparaloh OIS Ak el T e & mbor 2T Sbdl, his
is an acégptubie Impiamehtafit fFbhia FEBNEIHRT eS_ThdFietRssint.
[00174}Anether@mbodinent bnwives naaiplese patterns or other
means to increase the rank of the BSS suitable matrix.
Even if the latter means are utilized, the degree of
the matrix information derived will greatly reduce the
overhead to implement at the access point receiver.
[00188] All the methods discussed above for building
the mixing matrix at the intended access point 740 may
be used as part of this implementation.
(001882} Bnother aspect of the invention is directead
to BSS processing and pattern undulation to aid CDMA
signal separation. This enhancement to transmitter
processing is applicable to both Blocks 90 and 82 in
the roadmap illustrated in FIG. 3. Code division
multiple access systems {e.g., CDMA I5-95, CDMA2000,
WCDMA) share the same allocated RF spectrum amongst
multiple users. This is done by using pseudo random

codes to select the various transmission signals at



transmission points that are known to be using the above-described
approach. Each transmitter is capable - 48 - of different transmit power
levels. As an example, transmitter LI and transmitter L2 are capable of L =
W8 WK 18Vels. The power levels are such that all the possﬁ)ﬁ:ﬁpeslza‘%?\?eussjw
power level combinations are unique as inputs to the mixing matrix. The
maximum number of linearly independent sums would therefore be LI*L2=
3*3 = 9. This extends to J transmitters a§2th§ maximum number of unique
relative power levels = LI*...*Lj. [00175]The rank of the mixing matrix can

exceed the numper of soyrcas:o e separatedvdian therewareendact In
more squrce in]'fhe sums than the receiver cares about, If {his,is not the
case the malfiawil*oe degeherative, and the rank-wil corflapse to the
numbermifrastont dobrcest JOOL NS T HoreseivER bplraieT Iortthesmulti-
transmigter sita dmplepentationsishasically thesanaas. foritbessingle site.
The difference.is that the patterns generated by each transmitter can
countet; tlfﬁ}édPeacq;i\sf’é‘rg or Sgrﬁrg%%é%%inrg?% 179 aorgtte ?(%uétec;égé'f%%n
howevéehnwgbelvistaimad By cesiing MMknfdish Abf-tReAetifoffas to

the natyg of theLoardinated dtansmission Rpsameters. ikomasiancadhein
rank of the matrix, which in &urn dictates the number of required patterns,
can betg‘&jug?ec&”f’ﬁe Fa88Rer's generation of patterns, when available, is

therefoleGifii3dted Bbetis dmokniziors NeavoRiVierRdr detio Fe§aganitter
managementcaa Atilizg doformatinbaed backthe user atipmeidtbols,
gstgblish network wide nﬁjat ern usa es,eosrieantaiigpsl pwer gevglls z;\an(g)ase g
timing. 18819654 thé Yi&HRo S HREUESEd AV for birllding the mixing
matrix nreynbe wsetadipert obdes implentcinatien. the chips within
each symbel is transmitted at different power levels so
that the transmitted source signal appears with L
linearly independent power level time periods, where L
> 2. A mobile wireless communications device is used
to separate the source signals provided by M signal
sources, where M > 2, and with the transmitter
providing one of the M source signals with the L
linearly independent power level time periods, as
discussed above.
focigl] The mixing matrix formed by a signal
separation processor forms a mixing matrix comprising
the at least N different summations of the M source
signals. The mixing matrix has a rank equal up to at
least L*N. A number of the portions of chips
being transmitted at different power levels within each
symbol may be equal to the rank of the mixing matrix.
Bach portion of chips being transmitted at different
power levels within each symbol may comprise a set of
contigucus chips.
(001523 The ideal situation, however, breaks down in

three scenarios. One is when orthogonality is lost or



- 49 - [00179]Another aspect of the invention is directed to undulating
transmit patterns to support multiple simultaneous transmitters. Again

W@E@g%&%&}ck to FIG. 3, this aspect of the invention correspangle de,Blask 1o

90 in the transmitter processing section of the illustrated roadmap.
Communications capacity is an ongoing problem in RF wireless networks.
The problem is basically due to RF frequency bands being limited
resources. There are various techniques atilized to exploit these limited
allocations to maximize capacity, but the demand in congested areas
often ekigesdsstirelavaialile cHfdcityi jQ0r80RafelArg nbwr ta& G, 22,

multiple, mobilg wireless.comPaunications davices:. £10e 720, £30econd is
transmitting tQ a fixed access point 740 modulate their RE' patterns. The

intend @8 HEERE PERT 728 ART T RbRIRY ScatpBRits it tr&EtsR
receivéelifferent powerpvet versiohd ofdhedransmited 8ighals.cThis wher

provides the information Rreessarysios the dntended -access pRint 440 to

populate the mixing matrix_for signal separation techniques. [00181]Still

referrifty ¥ F16- 25 1ABRS dfe Y 18adS MbiRPwitetdds 8sanTihications

devi(_:esxz_:LG-,Dmo, 78@ transrhigteg at tusdhentimehsvherenbedhEddly of
mobile;yireless. COMMURIGATIONS ARMER LEANSMILS AIQU GRRignakdetined

by a respective character set comprising a plurality of symbols. At least

one of TAESYbof PR TESpettbEThatater ddtis MR LIER
differentpowerievelsppirst thintkansmitted source signals from the at

least J ipgbijg;wireless comeauni¢gtions devices appeas with atleast L Lo
Lj linearly independent power level time periods, where LD > 1 with at
least ofgé jsignalky - the x, receive signal must be an aggregate

of the signals received at the antenna with relatively
different weighting factors associated with each
individual signal. This can be done at the 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 requirement is that the
aggregate signal be adjusted per symbol at least as
many times as there are signals to separate.

[00194] FIG. 23 shows a case where in freguency the
symbol is varied 12 times (12 chips). The parameter
being varied is held constant for 4 chips. Three
variations per symbol implies that three distinct
signals can be separated from the aggregate receivad
signal.

[00198] If a transmitter is sending a single stream
along a signal path, the pattern contour set need not
be rotational or dissimilar. This is because the signal
as detected at the receiver is being changed relatiwve

all other received signals. The transmitter may



[00182]The intended access point 740, which may be a fixed
communications device, separates the source signals provided by M

signal sources, where M > 2. The J mobile wireless commupigati
W‘ag{}ﬁ‘éé’g”?%, 720, 730 provide J of the M source signals in‘éﬁﬁ?ﬁg,{&%{%&;m

(1,1*...*LA linearly independent power level time periods. [00183]As noted
above, (1,1*...*LA linearly independent power level time periods occurs
when the power levels are different for tgg J.mobile wireless
communications devices 710, 720, 730. The maximum number of unique

relative powerlevelssis @, $1xi11), poddherefongetheaanihef thesmining
matrix created by this means or in cambination with the other disc e&l
mean Eat SR EA e (T T ot Bes to i S5sarated YAER there: B
in fact aeoreosources iprthe ShsTRBRRhEeRRR ercaTRERBb T IFHRR is

not the.gase $ae Makix wilbbe degenesativepandihe rask suiflcollepseron
the number c%_]‘ actugl sourcess.égm é](‘xl;che rrlnodulﬂign an t}%i’:lss ?ignple as
changiRGthe i 3REMItET power: This can be done independent of the

patterriss conteurt o eewilirtttbhnl nse @OFE ORERSH Beant ierfegnges

patterns.eai herysed Other tgehniques such as.ehanging heebanghsight
of a transmission beam can dals% be used. LQ0185]A partic%ar%effectc'ﬁve
[

approa%’f’f@afg Have T7E transmi %?%’ u%%pa"fllg%ea(‘istiranesé'%?s asdisclissed

above iTihe tifringrc e behse BSE UBIFRSEREAT Clodkesih Heedavieasver
synching 4ip: 0 aLammantima:mark ses byethesintended accesspaint
740. If there1 is misa(l){??n{rgent as to Wh%l‘] the gi%nz?%g%a{gved at the receiver,
there i§ B YeGradilidrrin e BEY frocesaing bility T0 Separate the
signalsI0iffhent Ban e adiustd bytdeterrmsipgane diSeateclo the
devicesy, £ xlna X RSN G Hhe e delay. phigleg AVaDESOkan be

retardation techréilgques can then be usﬂ %y%thr% gccessiggt%%vigg%ks For

[00186YE R thartREX§naFfaRIVES gair BRanges" °©

instance, the receiver can determine the degree to
which each change in pattern contour provides useful
data. This information is fed back to the transmitter.
The transmitter can then adjust its operation to
improve the link, utilize less power, or cause less
interference to otheayr communication links. While there
are many ways of changing the power profiles, some of
the adjustments 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 perfeormance.
[00197F] 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 PAa, and hence a reduced

operational distance between transmitter and receliver.



are both being used by BSS processing equipped access points which
consider them targets and in other cases interferers, the proper receiver to
align with may vary. If there is no overall network coordination, the
W%F%Wd“?@ceiver should be aligned. If there is overall netwbgid/ US2007/088119
coordination, measurements may show that the best approach is to make
the signal easier to remove as an interferer, while still providing adequate
alignment for separation at the intendedgeceiver. [00187]If there are other
signal sources which do not use the RF power level modulation technique,
classical sigpalweiectipntechniguemandae usede Altesnatey theirseejver
may usg patiens erother means [9 ingreasg fneJankof e B3z sulable
matrix. Even it the fatter means are Ut 1zed, the degree of t & matrix
inform&A6A ¥ekive T WiBGresRF RS the 6 affe at RiMigetn &Rt at e
access;paintiecevatg[QQAa3]4d the rerthadsdisaussediabqve far Bss
building_the mixing matrix at the intended agcess.paint 740 m . sed
as parfg 6P tis %%%er%%%?gt?osn.c[%l %]%ﬁgtckgigs}bzeec% of the n?\%é:r}\%c?r? is
directe®e"BESproces i et pateRPHATEIRBPbLaRiGEDMA digRarns
separatigns fhis enhansemeentio-iansmittenpiecessing isapplicable to
both Blocks 9Q and 92 in the roadmap illustrated in FIG. 3. Cade divisio
P e (o 5L MG OB UBKBOB0S AR shetd
the sarfesalRseEtsd REMSgEdR G afforiyStiuipfe- 88ers oTHiBSs ek by
using psaudo avrder-eadepinselesiihe Mecipussrapsmissianisignals at
- 52 - each chip, (i.e., time_periad of usage) aoccurrence. In the ideal
St T8 EAE Lt T ey b B AR o
facilitafscamtipleviksaasing itie Sdf e freduehid s THdSehdiciatial
signals;aea §en reaovergdwidbryepeivardhseugh kpowingdhe isihogenal
code agssigned to an.individual link assuming. orthogonality. is_maintain
i the SRR il o 0R GOTPHE S G al BAy (Ao Bt Hh BAMAHAh
is a sprsatl specFantiBarc SRR defitet b\ $pmss Whikef@ eagh the
symbokeomprises aehualineokehips based upphsa spreadingscode. A
portion of the,chips within each symhol is transmitted at different power
levels §5 %ﬁgtl%légtrgﬁé mitted %%ﬁ%cegbtsfg r?q Al %p ps'e"azs%'rgglvl\‘/lictltiliﬂl_glinliggr(l'j;/g ‘
indepeAtiene pawiet [evdptirheaseidds SRS 32 POHfobiRIRTRld@ading
commupleations deyiceisiesed o sepatate thecseutice; sigaalspiadded by
M sionai.sources. whale s 2 and with the diahsmitler providingane g
the M source signals with the L linear y |n§epen§ént power level time
periods g aischEse iR © -

[00200] All the methods discussed above for building

the mixing matrix may be used as part of this
implementation.

[00201] Many modifications and other embcdiments of
the invention will come to the mind of one skilled in
the art having the benefit of the teachings presented
in the foregoing descriptions and the associated
drawings. Therefore, it is to be understeod 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.



[00191]The mixing matrix formed by a signal separation processor forms a
mixing matrix comprising the at least N different summations of the M
source signals. The mixing matrix has a rank equal up to at least L*N. A
number of the portions of chips b__eir% transmitted at different power levels
within each symbol may be equal to the rank of the mixing matrix. Each
portion of chips being transmitted at different power levels within each
symbol may comprise a set of contiguous chips. [00192]The ideal
situation, however, breaks down in_- 53 - diminished due to differing path
delays for the indivim'?awge%%i\%esd g%%%%e%vse:r. A second is when
the user equipment is in a soft handoff region between two adjacent cells

or sectors., A thir%is when time slotted links,are sharing resqurces with
other userdata c aﬁﬁgﬁusﬁulc% as ?n FD&HSDPA anlg ClDMA 000

1XEV-DV. Burirpthesesiuatis s the ernvgondity bPthe codes is often
t r Anagaguate angd diminished.: This results ingreatly seducechdata-rates and

may even result in dropped links. [00193]For a.BSS algorithm to
Comé?%cﬁ%ll% se FrLé\JtE fﬁeggﬁ/gnoags,st gb xc,ﬁr%éei\é}é1 %ig%%l?ngl?s?t ean o
thegyyegatesofithe sighald peceivet atthe &stenra Withreldtivedy differént

41 sveighting facters assecipted with-each, individual-signal s Thissarsbe done

_ at the transmitter, gh%recei;/,er, or oth,p%sitions Wgether the Xvevi%rwlting

51 9RGor S RREBridhdEd At the tHaTsHiSLioh aid 6P e recdptioh end’ they

t irgandeerchamgedvper-ehip or set ofedntiguous chips. The basic
requirement is that the, aggregate signal.he adiusted pgr symbokat-least

as many times as there are signals to separate.§£00194]FlG. 23 shows a
SeRABE WhkteIA fretfuency e SymboY s atida1 2tifmed 12 dHips)~ The
wh@asameterdeingaariedlis heldicanstamtafor 4ohips. Jdrer variations per
or&¥Talimplies that fhree,distingt signals can be, separated fom the
aggregate received signal. . i ,
linearly independent power level time periods, said
wireless communications device comprising
an antenna array comprising N
antenna elements for recelving at least N

different summations of the M source signails,

frrh

where N > 1,
a receiver coupled to said antenna
array for receiving the at least N different
summations of the M source signals, and
a signal separation processor
coupled to said receiver for forming a mixing
matrix comprising the at least N different
summations of the M source signals, the
mixing matrix having a rank equal to at
least L*N, said signal separation processcr

for separating desired source signals from

the mixing matrix.



[00195]If a transmitter is sending a single stream along a signal path, the
pattern contour set need not be rotational or dissimilar. This is because
the signal as detected at the receiver is being changed relative all other
WOSHBKIA" gnals. The transmitter may - 59 - therefore use 2SIMPIR PSNar
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, BSS
processing will be able to separate them gven though one is constant in
amplitude. This is because the power dithering source provides the

changes necessary for itg, opekatien.di faeiesthafsess albessteam o
received, they appear as a single grouped interferer to_th S progessor,
unlesscg‘%l c]éi\g'g’re tSer ua‘égg o%ﬁlgr£ éé%gﬁat?o% ?naecagnss;%nﬁ%é ﬁISP o%vgr%
undulatimgpatiem gehetaticrpeapablity Yoo 9B WkiRSHotswictly the

necessahiagdBack infeematiendremtheouser edquipment receiver can be
used to improve the overall operation of the links. For instance, the

receiver can deteimine the degree to which each change in pattern
contour provides useful datEoTMgNAFH GG & P Badk e THéNg to

transmifek.f Re Viansmifdes £an themadjyst Baoperatian {edmprovedpeis
link, utilize Iesi power, or cause less ing%rg%re{}gg to other communication

links. \RRAE thErd a8 TRalfy Waye of changing the SOWer profiles. some of

the adjsptinents cottchBéavhief &3d in alaiserfuctteieddh pattern is
used; how many changes are made during the course of a symbol

transmission; and how to modulate or qcither the 8qzwer to an igdividl{%l
W

link. Adjustments in Conto%r%%%%%nelscﬁe% cé‘{/lrsnbs iffheed 1o é'%%nveyed

to the EoeiveBfortizast Perforithride. [0810 7¢mrctitabp ot emphifiéss are

best utilizgd-inbeinlinaar.aperafiongl ranae. Withadakge peakdpavarage
power ratio, the operational range fgr lin %rg er%i_%n 5 redtu, ed E_essulting
in a red0¥&d HRBaF tHRaRTE LoHtdi Talige Tor tie BA and henhce a
reducediopertiornst olistante tsotweidihtransAfiRecantiseEeRRt. - 55 -

When powgtis the ransmit paramater heingrutilizad, shissgancern can be
mltlgat%gabn)grsﬂ?.\t{,%g.arlaél pEPéOilggg% cne of the symbols in the

respective character sets at a different power level.

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

power level.

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

adjustment of the power level, and a sequence of the



3

[00198]These approaches include when more than one sink is being
powered by the same amplifier, the BSS processing changes can be

;@/nchronized in a fashion such that the sum of the powers of all signals
BHAME E8Astant. In other words the increase of some transrhis&ierf8 488119

offset by the decrease of others. If the power is modulated at a value
close to the chip rate, the excess power can often be absorbed by the
decoupling storage elements with minor gi&)ple induced. Excess power can
diverted to a dissipation load. [00199]The patterns in two or three

dimensigns.may Hecereqted by-a pamber of for hath fhe dransmity, o

and the receive antennas, including adjustment of the delay and power
level of BHASE SPfayPSHEnn=" Pharasitic antenna elements with switchable

loads; changes in polarization; changes in power plane loading which

cause deflection of $he pajterasmieshanicalmoyement of elemerys of

reflectors; and a combination of any of the above. [00200]All the methods

discus$ed aBobe BF BRdiBirff t e hiZRGeRRarS HEAPBEUSAPRE 6 Bf this
implemesrtatde L8O 201 Marsy mbeikedtions 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 drawing®: ThePefo?E™it1e {6 bt GiTdE4T568 (REPETHIENEDN is
not to & brmitet ththeedpesificeiibodimehts:didclosedanckiratent s

modifications;ad gmbedinents areJntendad fo bedpclyded within the o .
scope of the a@pended claims. - 56 - THAT WHICH IS CLAIMED IS:

array forms a phased array.

8. A communications system according to
Claim 7 wherein said N correlated antenna elements
comprise at least one active antenna element, and up to
N-1 passive antenna elements so that said antenna array

forms independent sums of incident signals.

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

the M source signals.

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

into an in-phase and guadrature component set:;



1.A communications system comprising: at least one fixed
transmitter for transmitting a source signal defined by a character set
comprising a plurality of symbols, and at least one of the symbols in the
character set being transmitted at a different power level so that the
transmitted source signal appears with t linearly independent power level
time periods, where L > 2; and a mobile wireless communications

device for separating squrce signals provided by .M signal sgurces, where
M> 2, and’ \?V%% s%?(? at least Jéﬁ?a‘ﬁgsrﬁ%tt%?%rox\ﬁdi%% o%%stﬁ‘ the M source
phafghals ithiithe 12 indsr\CipepBadéentsdwel lkVelfihedderibtia s Sald

41 witeless comwpunications.devige CAMisiNG: an aHenna array comprising
N antenna eleQents for receivin)gagt.least N different summations_of the M
source sigﬁ% ; \/\771%?861\% S5Pe e rekeiver %886|ed°t6“§%{?og an?é%na

niairay for teceivingithe at least N differeint sUrmiiations of tseM source

sumignals: ANt +he HSPNALseParatinn processar coupled to $aid seceiver
for forming a mixing matrix comprising the at least N different summations

andys FE N §otirce SiGRRSPHE mikig Riatiix iaVihg a FaRK &Gualts at least
the *Nj sdidsigrahseparatior prbcessor for eparatirg desired source

ingignals from the MIXiRQ MAX; 787 e riods, and with the

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

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

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

sald 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 at least k*L*N.

13. A communications system according to
Claim 1 wherein saild antenna array generates N initial
antenna patterns, said antenna array comprising an
elevation controller for selectively changing an
elevation of at least one of the N initial antenna

patterns for generating at least one additiocnal antenna



2. A communications system according to Claim | wherein the amplitude

of each symbol in the character set is constant, with at least two of the

symbols being at different power levels. 3. A communications
WA 0rding to Claim | wherein said at least one fixed tfa{Srtie{ 11

part of a base station so that the communications system is configured as

a cellular network. 4. A communications system according to

Claim 3 wherein said at least one fixed ttansmitter comprises a plurality of

fixed transmitters, wherein a coverage area associated with the base

stationdg didggddpte geetars, Withsa resReclive fixed fanspiferent
associated with each_sector and transmii;tinrgﬁtS least one of th gﬁmb Isin

the respats Thraber Sl a4 Giferdnt poweridvs et Vess FR=rePY/
communications systeif atcorilirey to- Sty 1rfurttes ddrdpddingeamtieast

one fixgdgaceivar Asspcialedwvith said ad ieashione fixgd teapsmittar; angh
wherein said wireless communications ¢geyice fl&{ther colm rises a mobile
S

transmREFR BrBTicifG 18adBESK 1§ Said AP foast Dritfitéd Trandhfitter via
said atddsst-ansdikedibbeivertos wramspiisBiortofttire Mt ust emesd@nbb

in the q.tﬁﬂ&thh%eta@;t thedifferent pawetlenals antedhd pattern;

communications system according to CIai1r2n 5 wherein the fe%dback en
comprises at least S Of StHiS&mETFEFhe SEWRF &7 8Ad T EBfidns8e
of the mE8ingymbbtd withimehasdcter Pets Beihig fransniittedmamahéons of

differentpoweglevele signal7s A LANMIRENGAtIONSSYIRE 2689kdiRg 49
Claim 1 wherein said N antenna elements comprise N correlated antenna

elemerfisfterent Surpationh odaridifs & SRR S8 c8rARG 1B Chafh F2ck
whereirBaith$\ Sofrbtatedlantemterelietseritsroormprise N hctivBearnenhads

elementy so.that saidapignna ariayfarms mh@%a&rayg to at LeAst

communicatigns system according to Claim 7 wherein said N correlated

antenn dleRidHts ComPBHER S 18455 BBV it ARE RS BRG (S
to N-1 pédssive ahtermacelesigmsiso thatsaidanténadaeay forms

independanlsHms.ef NGIAENtSIgRaIS ine periBaf GRAMAYNIGAtIONS
system according to Claim 1 wherein at least two of said N antenna

elemerft8atE irciafdth SRB R BRfdHent polarizations for receiving at

least two of the N different summations of the M source signals.
14. A communications system according to

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

wherein said signal separation processor forms the



11. A communications system according to Claim 1 wherein said wireless
communications device further comprises a respective in-phase and
guadrature module coupled between each antenna element and said
receiver for separating each one of the N different summations of the M
source signals received thereby inté anin-phase and quadrature
component set; - 59 - said receiver receiving the at least N
ns {1 Rh3%E And.auadranre companent sets fpr g ajegst Ngifferent
summations of the M sourcé signals; and said signal separation
s WHRGGESERT fErmihlgthe nfiRing hatrb@Ecrhprising At Teast 2% LR different
ha-SURMations, of the:Misousce signads; with.eachinsphase and quadrature
component set providing 2 inputs into the mixing matrix for each of the L
linearly independent power level time periods, and with the mixing matrix
having a rdnk eqéaltoratieastsd*LaNs system2 aAconrhugications
c18ystem aggarding, to-Claim: 1, whereinsaid wirgless.commuinications
_device further comprises a code despreader coupled between said N
£1 5 Bt Bhd Shil F6E&VEFIIF detodingthe At fedkt N different
pastiarmatiens; ef, therVlesource sighals;eachigne=oftherM differényg of
55 Sdmmations including k codes for providing k different summations of the
M source signals with L linearly independent power level time periods
associated therewith; said receiver receiving at least k*L*N
different symmationsefihe M seursessigpalscand ccordisgid signal
separation processor forming the mixing matrix compgising the at least
Cli*@l@éiff’g}}gﬁt%ﬁlm%arﬁ%rﬂ% 0 tﬁéﬁm I\f(s%%)rlcréas%r?aﬂé, t %rmixing matrix
popavingla gariequaltoral leastkek*N s based] 3oREoMuRiealeHs
of System agcerding,to-Claim:l whereinsaid aptenna-arraygeperatesiN
b initial antenna patterns, said antenna ar{{:j\ey com rising [?nJeIevation
© LBHtrBE fof Selectively Chatigiriy &M BIEVAtiSR Bt at Teast dne of the N
trimitialidntensa patterns for generating at least one additional antenna - 60
- pattern so that at least one additional different summation of the M
source signals is received thereby; ,
17. A communicatlons system according to
Claim 1 wherein saild signal separation processor
comprises a blind signal separation processcr, 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 deccmposition (SVD).

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

extraction process.

19. A communications system according to



said receiver receiving the N different summations of the M source signals
using the N initial antenna patterns, and receiving the at least one
additional different summation of the M source signals using the at least
one additional antenna pattern; said signal separation processor
forming the mixing matrix comprising4he N different summations of the M
source signals and the at least one additional different summation of the

ClM sourc signals, for.ecgch.of th§ L _linearly,indep ndentgower level time
a LIl % ereln” 541 .sh%na cepar T10n roce FOI %
periods, the mixing matrix having the'rank equal up to at least L*N plus

sepife AURTheroT additiohal dfferertssuhmmatiofis of tie M Solres Sighals

na times thesklinearlyindependent: pewerrleyekiime pesigds usingithe

s: §ddiional anternapattems.. . .., 14 A\ communications system

c“éoroelné" {6 Clhaitn 1 Whetein said at Teast one fixed transmitter comprises

prd®pated apart fixed transmitters, where J > 2, each fixed transmitter for
transmitting the at least one source signal defined by the character set
comprisin%eg pluralit%/ of s%nmbols,‘with at least one of the sgmb_ols in the
character €&t beifig TARSHItd At 8 tierent Fower Vet 8614t the J
source sigaalsifeeratthe Jetransmitteis: appedrowith at feast Ll tod | nearly

spy&%pegﬁﬂ@@&peweg level ime periads;whered iyl with-atleastons,1,3>
1; and the power levels at each fixed transmitter being coordinated to

S YRRgdimisE e ditfererft rEiktive ihHry indepentenitfower iRl fime

sppesddsdromsaid &fided tnansmitterspand whereingsaid signat sepatation

= yRIQGesSOr forms thes - 61-mixing matrix comprising.the atjeast N,

different summations of the M source signals, the mixing matrix having a
ChagnKkBEuAFR AT eatqd, PPN L 9nal AP eadEmifidications system
1 i@esarding tol Glaimité wheseinr-copscinationof sakehd spacedqapad fixed
N ﬁr'ang mitters is based upon at least one of pattern usage, orientation,

— power levels and timing of said J transmitters. 16. A
communicatisie® systen-acestain go™eiaim AaANWRErRiR A RifbErCat
segembinationssier pepulaiing the mixingrmatrx/isipasegrisponstheumsber
nQf diffprent power Jeyels being ysed. the.time periods belng Used and the
coordinatior between said J transmiitters. 17. A" éommtnications
preyéehacesidinf to-CRiM B Whersin Suid sighal'séparktien processor

11eemprisesraiblind signal separation procasser and-sepasatesthe desired

, Squree signals from the mixing matrix based aon at least one of principal
wlreless .

componen?%ﬁ%%a(w,&)s, in evb}e%%e%?%gﬁp%ﬁréﬁt analysis (ICA), and
single value decomposition {SVBYna arrayg opepmmanications system

according fg, Claim:1 wherein:said signal separglign processor separates
the desired source signals from the mixing matrix based on a knowledge

based procadshi SBhaP SRFAION Brogess €63 .20uE e 310Ra 1S,

where N > 1,

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

a signal separation processor
coupled to said receiver for forming a mixing
matrix comprilising the at least N different
summations of the M source signals, the

mixing matrix having a rank equal to at



Claim 1 wherein said signal separation processor separates the desired
source signals from the mixing matrix based on a combination of a
knowledge based signal extraction process and a blind signal s Paratlon
WERBE37Y6. A communications system comprising: R 1820 trest?
transmitter for transmitting a spread spectrum source signal defined by
symbols, each symbol comprising a plurality of chips based upon a
spreading code, and a portion of the ch|%§ within each symbol being
transmitted at different power levels so that the transmitted source signal

appears with L lineagy adepgndent gowes leveldipe Rariods whes boz 2
and a mobile wireless communications device for se aratle#gﬁ
id

source signals provid&d HRPRFEGhEP sBEfceE WRaH fF >

at least one transnifter prcsidingrerie of the M source signals with the L
linearly independent power level time periods, said wireless
communications device comprising an antenna array comprising

N antenna elements'for rEc&RY At R BifdiEhEBuATRRESHR D Re M
sourceCdigials; WwivbeerM =2 Ipumber @fradeiverctuples oisabiasenna

array fBéE%(?e'i{%%%@ésé%\' differept sumypgliens Ofdhe MO Geeach

signals, an 4§I,1§1_g"nal separation processor coupled to said receiver
for forrﬁﬂﬁoﬁlmi*ﬁn& CorhPfisiifthé &t fMse N Kisrert §tdmations

of the M source signals, the mixing matrix having a rank equal to at - 63 -

least L*N, said signg} separation preesssarior sepacating desired,squrce

signals from the mixing matrix. 21. A communications sysfem

accordiigd iSint P orfhR ré 2en Gt &ﬁh@aﬁﬂtuaﬁg%’r%ﬁé et
transnitce @t difierent poyderzle velst fikthen eapghwsyam belvislequdltbithes ach

rank of %@X'Q atrx. o setz%fA &&%%@y%a@tem according

to Claim 20 whereln the chips in each portionof chips being transmitted at
different power levels within each symbol comprises a set of contiguous
chips. 23. A communications system according to

Claim 20 wherein an amplitude of each chip within &

symbol is constant.

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

configured as a cellular network.

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

each symbol at the different power lewvel.



23. A communications system according to Claim 20 wherein an
amplitude of each chip within a symbol is constant. 24. A
communications system according to Claim 20 wherein said at least one

WHANSHITEY s part of a base station so that the communicatibht Sy&¥EmsE

configured as a cellular network. 25. A communications system
according to Claim 20 further comprising at least one receiver associated
with said at least one transmitter; and_wgfrgin said wireless
communications device further comprises a mobile transmitter for
providing feedback: i, saigl ablaash opstiransMilierwia saidatdeast ese
receiver. on transmission of the pertign of.chips within each symbpl at th
differeht pblverletar =264 -tge Pee%%é%cggnmrﬁﬁﬁﬁc%?io?ﬁ% %}/ésé%grg\ B8
accordidg e @iairh 25 wiHerelfe fdetsdek abehpristadsrRast hetdr

adjustment ofibeRowen level rand asequence of the shipsheingievel .
transmitted at the different power level. 27. A communications

system according to Claim 20 wherein said N antenna elements comprise
N correlated antenda elefernsmunicat i08s ASyGrReRURIEEREAS Y stém

accorging i@ Glaigzs whersin: gaigl h-gerralated antenrka elamenis N

comprise N actitve antenna ele gggsnsg that said antenna array forms a
phase§4rF&-2te° 2R MtHICAons system according to Claim
27 wherein said N correlated antenna elements comprise at least one

active antenna elemgnt, and &idenNz-1 passivesaptanna elesprents;sedhat
said antenna array.forms indgegndent sun‘is of igcid%rét snigng

30. A CofinfurfidatiBRs &Yt sccoriiy o Eisim 20 Wherein 1easfwo
of saiddirgnténparelenisinte artecornelatddnentisave different pladrdorns

for recgiving, af legst twao,gk hgiNadifieyent summations of the M source
signals.
29. A communications system according to
Claim 27 wherein said N correlated antenna elements
comprise at least one active antenna element, and up to
N-1 passive antenna elements so that said antenna array

forms independent sums of incident signals.

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

different summations of the M source signals.

31. & communications system according to
Claim 20 wherein said wireless communications device
further comprises a respective in-phase and gquadrature
module coupled between each antenna element and said
receiver for separating each one of the N different
summations of the M source signals received thereby

into an in-phase and quadrature component set;



31. A communications system according to Claim 20 wherein said
wireless communications device further comprises a respective in-phase
and quadrature module coupled between each antenna element and said
receiver for separating each one of the N different summations of the M
source signals received thereby irtoén n-phase and quadrature
component set; - 65 - said receiver receiving the at least
Ninphase asnad. %u%draétir\?ecromg%nent sets L%r the {at 1east%\l ifferent
summationd of the M Sburce gignglgé\;%ﬁ © e salt?%lsgna séﬁlaration
Phpffcedsor forming: ther mixingmyateR copprisinp at ldast 21 *Nedifferént
a1 summations ofthe M source signals, with.eachdn.phase.ang,quadrature
component set providing 2 i%uts intp the mixing matrix _for each of the L

linearly inddpand&ntPsive Vel time perfotsCand With themidhd ffatrix
m1kavingreerankequalte as feast 2t Neast 2 *I320 Alcéiwmunications
sus¥siemaccarding o Glaim, 2Q.wherein said wirgless commupications

device further comprises a code despreader coupled between said N

angn BRRAEIEMEntS SRE SAR feciffer 16 deCodiAg the BPIERS: Ndifferent
thsummationstefithe M Sourcazsignals, eaeh oneiofdhe Nydifferent

1 ngummations inclyding k codes forproxiding:k different, symmations of the

.M source signals with L linearly independent power level time periods
Ml XsEcidet thardifithi "9 & radufd FetEvertecaiving afleast kAN

different summations of the M source signals; and said signal

separation processor 5%@9 th% @§@gsmgggsxmcorggri§igg I}he at least
k*L*N different summations of the M source S|gna?s, the rﬁix%g matrix

ClRaaling‘h rdtkiédual 36 e IS8t RAUSNS commuradg: gk tgmm@Hivations

fusysiem aceqrdingeto GlaipL20 wherein said-antenpaairay-genarates N

s i) anjenna patierns, seid antgnna airay. comprising an clevation
controlfer for selectllvgiy changing ah efevation o af least one of the N
Lhnitidl artériria PatiémsTor geneiiting bt deastoneadditionalartenna - 66

sigRattern se thatatdeast one-additional different summationsof the M
ing %rfé%gﬂgﬁggégge%%dE%%%?%ing ¥ different summations
of the M scurce signals with L linearly independent
power level time periods assoclated therewith;

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

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

having a rank egual to at least k*L*N,

33. A communications system according to
Claim 20 wherein said antenna array generates N initial
antenna patterns, saild 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



said receiver receiving the N different summations of the M source signals
using the N initial antenna patterns, and receiving the at least one
additional different summation of the M source signals using the at least
WEreRAdmdhal antenna pattern: said signal separatioR({pr&EedE4es11?
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 linea lé/ independent power level time
periods, the mixing matrix having the rank equal up to at least L*N plus

the nut%me%a%@t?eﬂgkdEf@rsagéumm@tigaapéjt@ﬁa{\ﬁ spFee sigpals

times the L linearly independent power level time periods using the
additioFidPERteRRa PhatfetRs? SOUT %y ALt &isehberery
accordjng to Claim %whsr_eémsahd a‘teleastm@ fidted WaﬁSﬁﬁaegnt
compriseg. Spaced apark xgd JEansnitersn WNere o 2 . §ACHIXed ¢ 5 21

transmitter for transmitting the at least one 'source signal defined by the

charact8t €81 CoRMIHSTTG B pRASIIT SISy MBBISS Wit At &R orRP6f the
symboisithi thieraharacti€f setbeing:maasmittedfattan different powerilguellso

that the J; rgnspitied sprce signals s the.d ransoyiers appeay with at

least 1,1 to Lj linearly independent power level time periods, where Li > 1

with at least one LjS2t: it #9¢ bohrRa50E/CR BIOF TRE0Tr Sttt the
being edertirates:toimaximize the: different relafive dinsarkuintepemndend £

power Jevel,fime, periods from said,d fixed tansmitiers, abd,wherqin-said
signal separation - 67 - processor forms the mixing matrix comprising the

at leasB NEGRFctBRt SBRTAREBRS BF tREMMSAREESGgRARMHE mikfily AffAx
havingee ramlée ?I;]ualf&aﬂ@a%(dléﬁgﬂdﬁﬁbl. power 185eA commurecabens
system.aecordjng (o %'ELTX?’%M‘?{?%QOE‘!JHQ“QE%‘PJ Sajd J.gpaged gpayt
fixed transmitters Is based upon at [east one of pattern usage, orientation,

power feVBIB it fifving WReaTd 9franshhidereal diffexgng summations

commuticatiens systerasacceraiig ta: Glakn Sdewhelainsa Alynber of
combinations forpapulating the uixing mayix ishasedl upgn g number
of different gweﬁevﬁgqueg]ng used, the tinge periods bein% used and the

coordirf&firt behiéeALZRAPRAS TS 37. A communications
system according to Claim 20 wherein said signal separation processor

comprises a blind signal separation:Rrocessor.yid sgpraratss he desired

source signals from the mixing matrix based on at least one of principal
compofieatdanalysEePei), fidéhértdefessmpoheht AefIyHE R REAT: Hid
single valis:decemposiiioreS¥BYrt fixed& rhcommunicstionssysten:
accordiig (o CHaip) 20MbeLsln gl H0RRLSeRARIRNAIACeSSAL Sparales,
the desired source signals from the mixing matrix based on a knowledge

based PrécEBHG Sigriaeratio prodysEhe character set

comprising a plurality of symbols, with at least one of
the symbcls in the character set being transmitted at a
different power level sc that the J transmitted source
signals from the J transmitters appear with at least i,
to Ly linearly independent power level time periods,
where L; > 1 with at least one L; > 1; and the power
levels at each fixed transmitter being coordinated to
maximize the different relative linearly independent
power level time periods from said J fixed

transmitters; and wherein said signal separation



_67_

processor forms the mixing matrix comprising the at
least N different summations of the M source signals,
the mixing matrix having a rank equal to at least

(Li*..*Lg) *N.

35. A communications system according to
Claim 34 wherein coordination of said J spaced apart
fixed transmitters is based upon at least one of
pattern usage, orientation, power levels and timing of

said J transmitters.

36. A communications system according to
Ciaim 34 whereiln a number of combinaticns for
populating tThe mixing matrix 1s based upon the number
of different power levels belng used, the Time perilods
being used and the coordination between said J

transmitters.

37. A communications system according to
Claim 20 wherein sald signal separaticn processor
comprises a blind signal separation processor, and
separates the desired source signals from the mixing
matrix based on at least one of principal component
analysis {(PCA), independent component analysis (ICA},

and single value decomposition (SVD).

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

extraction process.



