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BLIND SIGNAL SEPARATION USING POLARIZED
ANTENNA ELEMENTS

Field of the Invention

[0001] The present invention relates to the field of
signal processing, and more particularly, to separating
desired source signals from a mixture of source signals

using blind signal separation (BSS) techniques.

Background of the Invention

[0002] Blind source separation (BSS) involves
recovering source signals from a composite signal,
wherein the composite signal includes a mixture of the
source signals. 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
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 development of low

power, unlicensed wireless technologies such as
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Bluetooth and other personal area networks.

[0004] Three commonly used blind signal separation
techniques are principal component analysis (PCA),
independent component analysis (ICA) and singular value
decomposition (SVD). PCA involves first and second
moment statistics of the source signals, and is used
when the signal-to-noise ratios of the source signals
are high. Otherwise, ICA is used which involves PCA
processing followed by third and fourth moment
statistics of the source signals. As an altermnative,
SVD may be used to separate a source signal from the
mixture of source signals based upon their eigenvalues.
[0005] Regardless of the blind signal separation
technique that is applied, a plurality of sensors is
used to receive different mixtures of the source
signals from the various signal sources. Each sensor
outputs a mixture of the source signals, which is a
unique sum of the source signals. In general, both the
channel coefficients and the original source signals
are unknown to the receiver. The unique sums of
signals are used to populate a mixing matrix. The
appropriate blind signal separation technique is then
applied to the mixing matrix for separating desired
source signals from the mixture of source signals.
[0006] As an example, U.S. Patent No. 6,799,170
discloses the separation of an independent souxce
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
of source signals over time and stores each sample as a
data vector to create a data set. Each sensor outputs
a mixture of the source signals, which is a unigque sum

of the source signals. An ICA module performs an
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independent component analysis of the data vectors to
separate an independent source signal from other
signals in the mixture of source signals.

[0007] The sensors are spatially separated from one
another, and the processor generates only one data
vector for each respective sensor to create the data
set. The ‘170 patent also discloses that the number of
sensors N is equal to or greater than the number of
sources M, i.e., N > M for populating the data set. A
problem with such an implementation is that as the
number of sources M increases, then so does the number
of sensors N. Small portable communications dewvices
have little available volume for a large number of
sensors N, and mounting the sensors on the outside of
the communications devices is a problem for the users.
[0008] U.S. Patent No. 6,931,362 discloses another
method for separating signals using blind signal
separation. The disclosed blind signal separation
technique forms a mixing matrix with hybrid matrix-
pencil adaptive array weights that minimize the mean
squared errors due to both interference emitters and
Gaussian noise. The hybrid weights maximize the signal
to interference plus noise ratio. As with the 170
patent, the sensors are also spatially separated from
one another, and the number of sensors N is equal to or
greater than the number of sources M for populating the
mixing matrix. Moreover, each sensor provides a single
input to the mixing matrix resulting in a larger volume

area for a portable communications device.

Summary of the Invention

[0009] In view of the foregoing background, it is

therefore an object of the present invention to provide
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a communications device comprising a compact antenna
array for receiving a mixture of source signals for use
by blind signal separation technigues so that desired
source signals can be separated therefrom.

[0010] This and other objects, features, and
advantages in accordance with the present invention are
provided by a communications device for separating
source signals provided by M signal sources, with the
communications device comprising an antenna axray for
receiving different summations of the M source signals.
A receiver or receiver assembly is connected to the
antenna array, and a blind signal separation processor
is connected to the receiver for forming a mixing
matrix. The mixing matrix comprises the different
summations of the M source signals as received by the
antenna array. The blind signal separation pxocessor
then separates desired source signals from the mixing
matrix.

[0011] Instead of using spatially separated sensors
to provide the different summations of the M source
signals for the mixing matrix, a compact antemnna array
may be used instead. For portable communications
devices, blind signal separation techniques may be used
since the antenna array provides more than one input to
the mixing matrix while remaining compact.

[0012] In particular; the antenna array may comprise
N antenna elements for receiving at least N different
summations of the M source signals, with at least two
of the N antenna elements being correlated and having
different polarizations for receiving at least two of
the N different summations of the M source signals,
with N and M being greater than 1. The blind signal

separation processor may form a mixing matrix
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comprising the at least N different summations of the M
source signals. The mixing matrix may have a rank
equal to at least N.

[0013] The number of antenna elements may equal the
number of source signals, i.e., N = M. Alternatively,
the number of antenna elements may be greater then the
number of source signals, i.e., N > M. Another
configuration is when the rank of the mixing matrix is
equal to K, where K < N, and the blind signal
separation processor separates K of the M source
signals from the mixing matrix.

[0014] The different polarizations may be orthogonal
to one another. The at least two antenna elements that
are correlated and have different polarizatioms may
comprise three antenna elements that are also spatially
correlated and have different polarizations so that
tri-polarization is supported for receiving three
different summations of the M source signals.

[0015] A distinction may be made between patterns
and beams when receiving the different summations of
the M source signals. In one case, the antenna array
may form at least N antenna beams for receiving the at
least N different summations of the M source signals,
with each antenna beam having 3 db points down from a
maximum gain point thereof providing for signal
rejection in at least one direction of an appxroaching
signal. In another case, the antenna array may form at
least one antenna pattern for receiving at least one of
the N different summations of the M source signals,
with the at least one antenna pattern having
substantially no 3 db points down from a maxirmum gain
point thereof resulting in no signal rejection in any

direction of an approaching signal.



WO 2006/044119 PCT/US2005/034428

- 6 -

[0016] Each summation of the M source signals is
linear. The blind signal separation processor may
separate the desired source signals from the mixing
matrix based on at least one of principal component
analysis (PCA), independent component analysis (ICA)
and single value decomposition (SVD).

[0017] Another aspect of the present invention is
directed to a method for operating the communications
device as defined above for separating source signals
provided by the M signal sources. The method may
comprise receiving at the antenna array at least N
different summations of the M source signals, with the
antenna array comprising N antenna elements. At least
two of the N antenna elements are correlated and have
different polarizations for receiving at least two of
the N different summations of the M source signals,
with N and M being greater than 1. The processing may
comprise forming a mixing matrix comprising the at
least N different summations of the M source signals,
and separating desired source signals from the mixing
matrix. The mixing matrix may have a rank equal to at

least N.

Brief Description of the Drawings

[0018] FIG. 1 is a block diagram of a typical
operating scenario in which a communications device
receives desired and undesired signals from their
respective signal sources in accordance with the
present inwvention.

[0012] FIG. 2 is a more detailed block diagram of
the communications device shown in FIG. 1.

[0020] FIG. 3 is a roadmap of the different

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

[0021] FIG. 4 is a block diagram of the antenma
array configured as a switched beam antenna in
accordance with the present invention.

[0022] FIG. 5 is a block diagram of the antenma
array configured as a phased array in accordance with
the present invention.

[0023] FIG. 6 is a block diagram of the antenma
array configured with polarized antenna elements in
accordance with the present invention.

[0024] FIG. 7 is a 3-dimensional plot illustrating
the use of tri-polarization in accordance with the
present invention.

[0025] FIG. 8 is a block diagram of a communications
device with an antenna array comprising correlated and
uncorrelated antenna elements for providing diff erent
‘summations of signals for blind signal separatiomn
processing in accordance with the present invent ion.
[0026] FIG. 9 is a block diagram of a communi cations
device operating based on array deflection for
providing different summations of signals for bl ind
signal separation processing in accordance with the
present invention.

[0027] FIG. 10 is block diagram of a switched beam
antenna with an elevation controller for selectiwvely
changing an elevation of an antenna pattern in
accordance with the present invention.

[0028] FIG. 11 is an antenna plot illustrating an
antenna pattern in the azimuth directicon and then
rotated in the elevation direction in response t o the

elevation controller illustrated in FIG. 9.
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[0029] 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.

[0030] FIG. 13 is a block diagram of a
communications device operating based on path selection
for providing different summations of signals for blind
signal separation processing in accordance with the
present invention.

[0031] FIG. 14 is a block diagram of a
communications device operating based on spreading
codes for providing additional summations of signals
for blind signal separation processing in accordance
with the present invention.

[0032] FIG. 15 is a block diagram of a
communications device operating based on in-phase and
quadrature signal components for providing additional
summat ions of signals for blind signal separation
processing in accordance with the present dnvention.
[0033] FIG. 16 is a more detailed block diagram of
an in-phase and quadrature module connected to an
antenna element as shown in FIG. 15.

[0034] FIG. 17 is a block diagram of a MIMO system
operating based on pattern diversity in accordance with
the present invention.

[0035] FIG. 18 is a block diagram of a Fourier
transform communications system addressing intersymbol
interference (ISI) in accordance with the present
invent ion.

[0036] FIG. 19 is a block diagram of a
communications system in which a transmitter changes
power levels for each layered space stream on a time

slotted basis in accordance with the present invention.
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[0037] FIG. 20 is a block diagram of a
communications system in which undulating patterns are
used to support multiple transmitters transmitting to
the same access point in accordance with the present
invention.

[0038] FIG. 21 is a block diagram of a receiver
optimizing processing and power drain in accordance
with the present invention.

[0039] FIG. 22 is a block diagram of the receiver
illustrated in FIG. 21 coordinating its operation with
a transmitter.

[0040] FIG. 23 is a plot of transmit pattern
contours being undulated in a timing sequence known to
a recelver in accordance with the present invention.
[0041] FIG. 24 is a time line in which a symbol
period has 12 variations (i.e., 12 chips) while the
parameter being varied is held constant for 4 chips in
accordance with the present invention.

[0042] FIG. 25 is a block diagram of a receiver for
multiple spatial independent channels in accordance
with the present invention.

[0043] FIG. 26 is a block diagram of a receiver
decoding chain in accordance with the present
invention.

[0044] FIGS. 27-30 are amplitude versus frequency
plots respectively corresponding to nodes A, B, D and E

in FIG. 26.

Detailed Description of the Preferred Embodiments

[0045] 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,
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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.
[0046] In communications networks there are source
signals intended for a specific communications device,
and there are source signals intended for other
commuanications devices operating within the same
frequency band. There are also sources of noise which
produce signals that are not used for communications,
but are received by the communications devices as well.
[0047] To facilitate decoding of the source signals
of interest, blind signal separation is used to
separate the signals received by a communications
device. As noted above, the term “blind” refers to the
fact that in an ideal case the signals can be separated
without any knowledge about the nature of the signals
or the transformations that occur due to interactions
between the signals and the communicétion channel. In
practical implementations, any knowledge that is
available is often exploited. In this case, the signal
separation is semi-blind.

[0048] Three commonly used techniques that fall
under blind signal separation are principal component
analysis (PCA), independent component analysis (ICA),
and singular value decomposition (SVD). As long as the
signals are independent in some measurable
characteristic, and if their signal sums are linearly

independent from each other, one or more of these blind
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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.

[0049] PCA whitens the signals, uses first and
second moments, and rotates the data set based on
correlation properties. If the signal-to-noise ratios
of the source signals are high, the signal separation
process can stop with PCA.

[0050] If the signal-to-noise ratios of the source
signals are low, then ICA separates the source signals
based on statistical attributes involwving the third and
fourth moments of the source signals. Since the source
signals are Gaussian, their third and fourth moments
are dependent on the first and second moments. As an
alternative to ICA and PCA, SVD separates source
signals from the mixture of source signals based upon
their eigenvalues.

[0051] A typical scenario is illustrated in FIG. 1,
in which a plurality of signal sources 20 transmit
source signals 22. The source signals 22 are
transmitted in a direction based upon generated antenna
beams 24 associated with each respective signal source
20. The plurality of signal sources 20 include a first
signal source 20(1) through an Mth signal source 20 (M).
Likewise, the respective source signals are referenced
22(1)-22(M) and the corresponding antenna beams are
referenced 24(1)-24(M). More straightforward
implementations are often utilized in communications
networks in the form of omni-directional antenna

patterns or directional antenna patterns.



WO 2006/044119 PCT/US2005/034428

- 12 -

[0052] An antenna array 32 for the communications
device 30 receives a linear combination (mixture) of
the source signals 22 from the signal sources 20. The
antenna array 32 comprises a plurality of antenna
elements 34, with each antenna element providing at
least one linear combination (mixture) of the source
signals 22 from the signal sources 20. The antenna
elements 34 include a first antenna element 34(1)
through an Nth antenna element 34 (N).

[0053] © The received source signals 22(1)-22 (M) are
initially formed into a mixing matrix 36. The
communications device 30 uses blind signal separation
techniques to determine a separation matrix 38 for
separating the source signals in the mixing matrix.
The separated signals are represented by reference 39
[0054] The communications device 30 jointly extracts
the mixture of source signals received by the antenna
array 32 by sampling an aggregate or composite of the
received source signals without knowledge of their
characteristics. The output of each antenna element 34
is modeled as a summation of the source signals 22
after having been convolved with the impulse response
of the channel, i.e., the propagation path between the
output of a signal source 20 and the output of an
antenna element 34 plus additive Gaussian noise.
[0055] 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
antenna elements 34(1l)-34(N) for receiving up to at
least N different summations of the M source signals,
with N and M being greater than 1. The antenna array

32 is not limited to any particular configuration. The
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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 example, as will be
discussed in greater below.

[0056] A transceilver 40 is connected downstream to
the antenna array 32 for receiving up to the at least N
dif ferent 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 one or more blind signal
separation processing modules 44, 46 and 48 within the
processor 42.

[0057] The blind signal separation processing
modules include a PCA module 44, an ICA module 46 and
an SVD module 48. These modules 44, 46 and 48 may be
configured as part of a blind signal separation
processor 49. The PCA module 44 operates based on the
first and second moments of the different summations of
the received source signals, whereas the ICA module 46
operates based on the third and fourth moments of the
same signals. The SVD module 48 performs signal
separation based on the eigenvalues of the different
summations of the received source sigmals.

[0058] The correlation processing dnitially

per formed by the PCA module 44 determines an initial
separation matrix 38(1) for the different summations of
the source signals, and the ICA module 46 then

determines an enhanced separation matrix 38(2) for
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separating the source signals in the mixing matrix 36.
If the signals are separated by the SVD module 48, a
separation matrix 38(3) is also determined for
separating the different summations of the received
source signals in the mixing matrix 36.

[0059] From each respective separation matrix 38(1)-
38(3), the separated signals are represented by
reference number 39. The separated signals 39 then
they undergo signal analysis by a signal analysis
module 50 to 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.

[0060] The decision on which signals are of interest
may not always involve the final signal to be decoded.
For instance, the application may call for identifying
interferers and subtracting them from the different
summations of the received source signals, and then
feeding the reduced signal to a waveform decoder. 1In
this case, the signals of interest are the ones that
ultimately end up being rejected.

[0061] The information fed to the PCA module 44 is a
unique sum of signals xj. It is assumed that N linear
mixtures Xi,...,Xy of M independent components are

observed:
xl(t)= ausl(t)"' "'alksk(t)"'"'alMSM (t)
xj(t)= ajlsl(t)+ "'ajksk(t)'*'"'ajMSM(t)

xN(l()= Ay (t)"' T Qg Sy (t)'*'" " s Sua (t)
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and the original signals s, are unknown to the

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 model x = As is
also known as the ICA model. Traditional techniques
try to find the inverse of the channel: s = A k.
[0063] The ICA module 46 determines 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(As) + Wn = Wx + Wn, where the additional n
term is the residual noise due to the unidentifiable
sources.

[0064] 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.

[0065] The starting point of ICA is the assumption

that the components s, are statistically independent.

Moreover, it is assumed that the independent components

s, 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 Gaussian signals.

[0066] For simplicity, the unknown mixing matrix A

is assumed to be square. Thus, the number of
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independent components is equal to the number of
observed mixtures. However, this assumption can be
relaxed at times. As long as the signals s, are

statistically independent in some measurable

characteristic, the separation matrix W can be

determined.
[0067] The rank of the mixing matrix A determines
how many signals can actually be separated. For

example, a mixing matrix having a ramk of 4 means that
4 source signals can be separated. Ideally, the rank
of the mixing matrix A should at least be equal to the
number of signal sources M. The larger the rank, the
more signals that can be separated. As the number of
sources M increases, then so does the required number
of antenna elements N. The ‘170 and ‘362 patents
discussed in the background section loth disclose that
the number of antenna elements N are equal to or
greater than the number of signal sources M, i.e., N >
M., otherwise a technique other than blind signal
separation is to be used to separate the signals.
[0068] 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
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, where each sensor
provides a single entry into the mixing matrix A.
[0069] A roadmap or outline of the different
approaches for creating the linear independent

summations of the source signals for the mixing matrix
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A will initially be discussed with reference to FIG. 3.
After a brief introduction, each approach will be
discussed in greater detail below.

[0070] The first section of the roadmap addresses
antenna configurations. 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 prévides multiple inputs to populate the mixing
matrix A. Block 104 also represents an antenna array,
wherein a portion of the antenna elements is correlated
and the antenna elements have different polarizations
for populating the mixing matrix A. Different
combinations of the sensors and antenna arrays
addressed by Blocks 100, 102 and 104 may be combined in
Block 106 to further populate the mixing matrix in
Block 116.

[0071] The second section of the roadmap addresses
enhancements to the antenna configurations provided in
the first section. The enhancements are made so that
additional or replacement summations of the source
signals are collected to further populate the mixing
matrix A. Block 108 involves array deflection in which
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 deflection Block 108.

[0072] In Block 110, path selection is performed so
that all of the summations of the source signals used

to populate the mixing matrix A are correlated (1°* and

3rd 4th

2%¢ moments) and/or statistically ( and moments)
independent. In other words, the incident signals are

selectively chosen for receiving new summations of the
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source signals to replace the summations that are not
correlated and/or statistically independent. Block 130
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.

[0073] The third section of the roadmap addresses
signal splitting for furthexr populating the mixing
matrix in Block 116. For example, Block 112 splits the
different summation signals using spreading codes. I=f
a summation signal has k spreading codes, then that
particular summation signal may be processed to provide
k summation signals associated therewith. The spreadimg
codes may be applied in combination with the outputs of
Blocks 106, 108 and 110. Block 114 splits the
different summation signals into in-phase (I) and
quadrature (Q) components to further populate the
mixing matrix. The I and Q components thus act as a
multiplier of 2 for the missing matrix, and may be
applied in combination with the outputs of Blocks 106 ,
108, 110 and 112.

[0074] The final section of the roadmap is the
mixing matrix A formed in Block 116. As illustrated in
the roadmap, the mixing matrix A may be populated with
the different summations of the source signals based on
anyone of the above descrilbed blocks. An advantage of
the antenna array configurations in the first section
is that compact antenna arrays may be formed for
populating the mixing matrix A. An advantage of the
antenna array configuratiomns in the Secoﬁd and third
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.
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[0075] In view of the antenna configurations
discussed in the roadmap, an antemnna array comprising N
correlated antenna elements for receiving at least N
different summations of the M souxce signals, with N
and M being greater than 1, will be discussed. In one
embodiment, the antenna array is a switched beam
antenna 140 as illustrated in FIG. 4.

[0076] The switched beam antenma array 140 generates
a plurality of antenna patterns, dincluding directional
antenna patterns and an omni-directional antenna
pattern. The switched beam antenna 140 includes an
active antenna element 142 and a pair of passive
antenna elements 144. The actual number of active and
passive antenna elements 142, 144 varies depending on
the intended application. Referemce is directed to
U.S. Patent Application No. 11/065,752 for a more
detailed discussion on the switched beam antenna array.
This patent application 1s assigned to the current
assignee of the present invention, the contents of
which are incorporated herein by reference in its
entirety.

[0077] Each passive antenna element 144 includes an
upper half 144a and a lower half 144b. The upper halves
144a of the passive antenna elements 144 are connected
to a ground plane 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 radiation patterns can be
changed. Since there are two passive antenna elements
144, four different antenna pattexrns can be formed.
[0078] Three of the antenna patterns can be used to

receive a unique sum of signals x5. The fourth pattern
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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 x4 are input to
the mixing matrix A. An advantage of the switched beam
antenna 1s that by using 3 elements 142 and 144, a
mixing matrix of rank 3 can be supported.

[0079] In another embodiment, the antenna array
comprises N correlated active antenna elements so that
the antenna array forms a phased array 160, as
illustrated in FIG. 5. The phased array 160 comprises
a plurality of active antenna elements 162, and a
plurality of weight control components 164 coupled to
the active antenna elements. The weight control
components 164 adjust the amplitude and/or phase of the
received signals to form a composite beam.

[0080] A splitter/combiner 166 and a controller 168
are connected to the weight control components 164.
Reference is directed to 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
incorporated herein by reference in its entirety.
[0081] The number of active elements 162 supports a
mixing matrix A having the same xrank. Even 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 comparxed to the traditional
approach of using uncorrelated antenna elements that
are spaced more than a wavelength apart.

[0082] In other embodiments, the rank of the mixing
matrix may be K, where K < N, so that the blind signal



WO 2006/044119 PCT/US2005/034428

_21_

separation processor 49 separates K of the M source
signals from the mixing matrix. As will be discussed
in greater detail below, N may also be greater than M.
[0083] In both the switched beam antenna 140 and the
phased array 160, the distance between their respective
antenna elements 142, 144 and 162 is set to allow a
favorable back to front ratio. This is because the
classical use of these antenna arrays is to reject
unwanted signals (i.e., back approaching) and intensify
wanted signals (i.e., front approaching).

[0084] 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
than the interferers in this application and still be
separated. Because of this significant difference in
purpose, the distances between antenna elements need
not be of a specific separation.

[0085] The antenna elements could be further or
closer together, generate patterns with classically
‘bad’ front to back ratios, and still be quite suitable
for mixing matrix usage. If fact, such patterns will
often be superior in the blind signal source separation
application. The reason being that the use of good
front to back ratios requires 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 1s required.

[0086] An antenna beam may be defined as having 3 db
points down from a maximum gain point thereof providing
for signal rejection in at least one direction of

signal approach. Similarly, an antenna pattern may be
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from a maximum gain point thereof and having no signal
rejection in any direction of signal approach.

[0087] In many applications this deviation from
specific distances between elements can greatly reduce
the size of the overall antenna array. In other
applications it might actually be desirable to increase
the distance between elements to alleviate the tracking
problem, but gain some degree of additional signal
decorrelation.

[0088] In another embodiment, the antenna array 180
comprises N antenna elements for receiving at least N
different summations of the M source signals, as
illustrated in FIG. 6. At least two of the N antenna
elements 182a, 182b are correlated and have different
polarizations for receiving at least two of the N
different summations of the M source signals, with N
and M being greater than 1.

[00892] The other antenna elements 184a, 184b in the
array 180 may be correlated or uncorrelated with
respect to antenna elements 182a, 182b. Even though
another pair of polarized antenna elements 184a, 184b
are illustrated, these elements may instead have the
same polarization. Moreover, these elements may also
be uncorrelated with one another.

[0090] The different polarizations for antenna
elements 182a, 182b may be orthogonal to one another.
In another configuration, the antenna elements 182a,
182b include a third element 182¢ so that tri-
polarization is supported for receiving 3 different
summations of the M source signals.

[0091] The following di scussion supports the use of

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

example, the following relationships exist:

x = S cos(8)sin(@)

y = S'sin(@) sin(¢)
z = Scos(9)

[0092] Simplifying assumptions are that the signals
have linear polarization, the signals are linearly
independent, and there are three linear antenna
elements each on an orthogonal axis. For example,
antenna element 182a is on the x axis, antenna element
182b is on the y axis, and antenna element 182c is on
the z axis.

[0093] By positioning the three linear antenna
elements 182a, 182b, 182c each on an orthogonal axis,
the mathematics is simplified. In an actual deployment,
the antenna elements 182a, 182b, 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.

[0094] The following definitions are applied,
wherein numeric subscripts refer to associations with

signals 1, 2, 3:

S;,8,,8;:  Signals incident to the antenna elements;
6,,0,,0,: The X, Y plane E field angle of the signal;
b.0,,0; ¢ The 7 axis E field angle of the signal; and

X,,X,,X,: Dot product of the sum of signals incident to

an antenna element.
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[0095] Therefore, the vector components are:

X % z
Element ‘x’: 1 0 0
Element ‘y’: 0 1 0
Element ‘z': 0 0 1
S, Coefficient: cos(d,)sin(g,) sin(@, )sin(¢,) cos(¢,)
S, Coefficient: cos(d,)sin(¢,) sin(8,) sin(4,) cos(¢,)
S, Coefficient: cos(d;)sin(g;) sin(6;) sin(g, ) cos(d,)
[0096] Taking the dot product of each antenna

element and signal, (X-Y=xx,+y,¥,+2z2z,) determines the
relative E field component summed in the element. These

values are used to create the mixing matrix:

X, cos(d,)sin(¢,) cos(d,)sin(g,) cos(@;)sin(g; [ S,
X, |=|sin(6,)sin(¢,) sin(8,)sin(¢,) sin(8s)sin(g;) | 52
X cos(¢,) cos(¢,) cos(¢,) S

det X, (=

X,
cos(@,)sin(@ )sin(@,)sin@,) cos@,) + cos@,) sin(@, )sin(@, )sin(@, ) cos@ ) + cos(@; ) sin@, )sin(@) )sin(g ) cos(@,)
~ cos(@ )sin(@, )sin@,) cos@, )sin@,) - cos(@, ) sin@; ) sin(@, ) cos@, )sin(@, ) — cos(@, ) sin@, )sin{@} ) cos@, ) sin(@,)

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

= cos(@)sin(@,) sin(@, )sin@,) cos@,) —sin@, ) cos@, ) sin@, )sin(@, ) cos@,)
+cos(@,)sin(@,) cos@ )sin@, ) sin@, ) — sin@,) cos@, ) cos@, )sin(e, ) sin(@,)
+sin(@,) cos@,)sin@,) cos@,)sin@,) — cos@,)sin(@, ) sin@, ) cos@, ) sin(@, )

= sin(@,) sin(@,) cos(@; ){cos@,)sin@,) — sin@ ) cos@,)]
+ cos(@, ) sin(@, ) sin(@, )[cos@, )sin@,) — sin@,) cos@, )]
+sinfg, ) cos(@, ) sin@, )[sin@, ) cos (@, ) — cos@ ) sin(@; )]
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= sin(¢, ) sin(¢, ) cos(¢; ) sin(, — 6,)
+cos(¢, ) sin(g, ) sin(¢; ) sin(6; — 6,)
+sin(¢, ) cos(¢, ) sin(¢; ) sin(6, —6;)
[0097] Rank deficiency situations will now be

discussed. When the determinant 4is equal to 0, the

mixing matrix is rank deficient. This occurs in the

following cases:

[0098] The ‘x’ and ‘y’ elements are receiving the

same contribution from all three signals.

2)  h H b

0 0 0
0 0 90°
0 90° O
90° O 0

90° 90° 90°

[0099] 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 elements.

3) All the individual sums do not equal 0 per
1l or 2, but:

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



WO 2006/044119 PCT/US2005/034428

- 26 -

[00100] This implies a small solid angle of
separation between the signals, near equal polarization
of the signals, signals aligned but coming from
opposite sides of the array, or some other very
unlikely happenstance of signal incidence resulting in
the same energy level to botth elements.

[00101] As discussed above, the first section of the
roadmap addresses antenna configurations. The above
described antenna configurations, including
uncorrelated sensors, may be combined in a variety of
different configurations for providing the summed
signals of the M source signals to the mixing matrix.
[00102] Referring now to EFIG. 8, a communications
device 200 for separating source signals provided by M
signal sources will be discussed. The antenna array 202
comprises N antenna elements for receiving at least N
different summations of the M source signals, with N
and M being greater than 1.

[00103] 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 diffexrent summations of the M
source signals. The two coxrelated 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.

[00104] 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
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for forming a mixing matrix 214 comprising the at least
N different summations of the M source signals. The
mixing matrix has a rank egqual up to at least N, and
the blind signal separation processor 212 separates
desired source signals 216 from the mixing matrix A.
[00105] The second section of the roadmap addresses
enhancements to the antenna configurations provided in
the first section. The enhancements are made so that
additional or replacements summations of the source
signals are collected to further populate the mixing
matrix A.

[00106] One enhancement i1nvolves array deflection for
receiving additional sums of signals for use by the
mixing matrix A without having to add additional
antenna elements. Array deflection involves
controlling antenna patterns in the azimuth and/or
elevation direction.

[00107] 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 elements
244 for generating N initial antenna patterns for
receiving N 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
patterns for generating at least one additional antenna
pattern so that at least one additional different
summation of the M source signals is received thereby.
[00108] A receiver 248 is connected to the antenna
array 242 and receives the N different summations of
the M source signals using the N initial antenna

patterns, and also receives the at least one additional
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different summation of the M source signals using the
at least one additional antenna pattern.

[00109] A blind signal separation processor 250 is
connected to the receiver 248 for forming a mixing
matrix 252 comprising the N different summations of the
M source signals and the at least one additional
different summation of the M source signals. The
mixing matrix has a rank equal to N plus the number of
additional different summations of the M source signals
received using the additional antenna patterns. The
processor 250 separates desired signals 254 from the
mixing matrix.

[00110] In general, any antenna array means which
provides signal sums suitable for increasing the rank
of the mixing matrix can be utilized with a deflection
mechanism. The deflection will generate two distinct
and mixing matrix usable signal sums for each of the
antenna array means. Thexre 1s therefore a 2 times
multiplier effect by utilization of this technique.
[00111] If the array deflection 1s segmented into K
distinct areas associliated 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 by itself
and there are K distinct deflection areas, the number
of signal sums in the mixing matrix may be 2*K*N.
[00112] For illustration purposes, reference is
directed to FIG. 10 in which the switched beam antenna
100’ shown in FIG. 4 has been modified so that the
antenna patterns may be tilted up or down in elevation.
In particular, each uppex half 104a’ of the passive
antenna elements 104’ is connected to the ground plane

106’ through a reactive load 108’. Each lower half
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104b’ of the passive antenna elements 104’ is also
connected to the ground plane 106’ through a reactive
load 108’. A reactance on the passive antenna elements
104’ has the effect of lengthening or shortening the
passive antenna element. Inductive loads lengthen and
capacitive loads shorten the electrical length of the
passive antenna elements 104’.

[00113] An antenna beam is tilted up and down in
elevation in accordance with the ratios of the reactive
loads 108’ of the upper halves 104a’ and the reactive
loads 118’ of the lower halves 104b’. By adjusting the
ratio, the antenna pattern can point up 97 or down 99,
as illustrated in FIG. 11. At least one additional
rank is added to the mixing matrix A when an elevation
angle of an antenna pattern is adjusted to receive a
mixed signal. Using the array deflection, more signals
can be received for the mixing matrix A without having
to increase the number of antenna elements N.

[00114] This particular implementation has 2 distinct
deflection areas individually controlled by the
reactances 118’. The pattern generation capability of
the array is 3 independent patterns, therefore the
number of signal sums that can be used to create the
mixing matrix is 12 (2*2*3).

[00115] Reference is directed to the above reference
U.S. Patent Application No. 11/065,752, which discloses
how to adjust antenna beams in elevation in greater
detail. The array deflection technique may be applied
to any of the above discussed antenna array
embodiments, or any other antenna array which is
sensitive to ground plane interactions.

[00116] Another embodiment of the elevation

controller is based upon a controllable RF choke 270
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coupled to the ground plane 272 of an antenna element
274, as illustrated in FIG. 12. The antenna pattern
associated with the amtenna element 274 is moved in
elevation by controlling the RF choke 270, as readily
appreciated by those skilled in the art.

[00117] 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 first sections of the
roadmap, as well as an enhancement to the array
deflection discussed above. The communications device
300 comprises an antemnna array 302 comprising N
elements 304 for forming at least N antenna beams for
receiving at least N different summations of the M
source signals, with N and M being greater than 2.
[00118] A controller 306 is connected to the antenna
array for selectively forming the at least N antenna
beams. A receiver assembly 308 is connected to the
antenna array 302 for receiving the at least N
different summations of the M source signals. A blind
signal separation processor 310 is connected to the
receiver assembly 308 for forming a mixing matrix 312
comprising up to the at least N different summations of
the M source signals.

[00119] The blind signal separation processor 310
also determines if the different summations of the M
source signals are corxrrelated or statistically
independent, and if not, then cooperating with the
controller 306 for foxming different beams for
receiving new differemt summations of the M source
signals to replace the different summations of the M

source signals that axe not correlated or statistically
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independent in the mixing matrix 312. The desired
source signals 314 are then separated from the mixing
matrix 312.

[00120] 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
signal paths make it suitable as a means to change the -
paths fed to the blind signal separation processing.
[00121] Selectively forming the N antenna beams as
discussed above may ke applied to all radio access
networks, as readily understood by those skilled in the
art. For CDMA systems, the receiver assembly 308
comprises N rake receivers 316. Each rake receiver 316
comprises k fingers for selecting k different multipath
components for each one of the N different summations
of the M source signals received by the respective
antenna element connected thereto. In this
configuration, the blind signal separation processor
310 is connected to the N rake receivers 316 for
forming the mixing matrix 312. The mixing matrix 312
comprises up to at least kN different multipath
components of the at least N different summations of
the M source signals, and the mixing matrix has a rank
equal up to kN.

[00122] In particular, when CDMA waveforms propagate
they often encounter multiple paths from the source to
the destination. A xake receiver 316 is specifically

designed to capture a number of these individual
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instances and combine them for a more robust signal
decoding. While the original signal propagates along
each path, its properties are modified by the unique
characteristics of the path. In some circumstances,
the modification to the correlation and/or statistical
properties of the received signal will be large enough
so that they can be treated as separable signal
streams. A modified rake receiver 316 could be used to
extract each modified stream and feed it as a unique
entry into the mixing matrix 312. While this means of
increasing the rank will not always be available, it
will tend to be available in high multipath
environments when it is most likely needed.

[00123] While a rake receiver 316 can exploit the
different paths, the more general approach applicable
to any modulation technigue is beam forming, as
discussed in reference to 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 receiver. However, the receiver
assembly 308 needs to detect a number of these unique
propagation path versions of the same signal in order
to build the mixing matrix 312 to a sufficient rank.
[00124] The third section of the roadmap addresses
signal splitting for further populating the mixing
matrix A. In one approach, the summation signals are
split using spreading codes. In another approach, the
summation signals are split using in-phase (I) and
quadrature (Q) modules.

[00125] Signal splittimg using spreading codes will

now be discussed in reference to FIG. 14. The
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illustrated communications device 400 comprises an
antenna array 402 comprising N antenna elements 404 for
receiving at least N different summations of the M
source signals. A code despreader 406 is connected to
the N antenna elements 404 for decoding the at least N
different summations oXf 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 thexewith.

[00126] A receiver assembly 408 is connected to the
code despreader 406 foxr receiving at least kN different
summations of the M source signals. A blind signal
separation processor 410 is connected to the receiver
assembly 408 for forming a mixing matrix 412 comprising
the at least kN different summations of the M source
signals. The mixing matrix 412 has a rank equal up to
kN. The blind signal separation processor 410
separates desired source signals 414 from the mixing
matrix 412.

[00127] 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 antenna elements.
CDMA IS-95, CDMA2000 and WCDMA are examples of spread
spectrum communications systems in which spreading
codes are used. A common thread is that a unique code
is processed with each signal to spread the data over a
larger frequency band.

[00128] The same spreading code is processed with the
received signal sum (desired signal, undesired signals
and unknown noise sources). This causes the desired

signal to be reconstructed back to its original
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frequency bandwidth, while the interferers are spread
over the wide frequency band.

[00129] The above Jlisted CDMA implementations
actually have many signal streams simultaneously using
the same frequency band. Each signal stream uses a
code that is ideally orthogonal to all the others. If
this condition is met at the decoder, it means that
only the signal of interest will be despread. If 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 sy term and
either unchanged or lower valued k-1 terms.

[00130] There often 1s some correlation between the
CDMA signals, so the interfering signals are somewhat
reconstructed along with the desired signal. This is
often due to 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 value, and
therefore decrease the signal-to-noise ratio.

[00131] The form of the despread signals equation and
the signals themselves meet the criteria for blind
signal separation processing. In fact, if one of the
dispreading codes is individually applied for each
known signal received by the communications device 400,
individual summations that meet the ICA model
requirements are obtained.

[00132] Therefore, there are as many row entries
available for the mixing matrix as known codes,
assuming of course, that they each produce linearly

independent significant value. Under the right
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circumstances this will allow an increase of the mixing
matrix to a value greater than the number of codes. For
example, N antenna elements and M codes may provide NM
matrix rows.

[00133] For illustrative purposes, 3 codes are
assumed known and the 3 known code signals retain their
orthogonality. In the code despreader 406, the mixing
matrix A has top 3 rows and bottom 3 rows each due to
an antenna stream after each stream has been despread
by the 3 known codes. The off diagonal 0 values are
due to the orthogonality of the codes. The column
entries 4, 5 and 6 are for the general case of unknown

signals of the same index.

X1 a; 0 0 a, a5 ag|s
X 0 a, 0 ay ay ax|s
x| |0 0 ay asy ass Ay s
X4 a0 0 ay, a; ag|s,
Xs 0 a, 0 ay a; as|ss
(%] [ O 0 ag ae ass e || 6|

[00134] 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 obeying the central limit
theorem so that they appear as a single Gaussian

signal, e.g., release 4 channels. In other words, a
sufficient amount of mnon-random signals will add up to
a Gaussian signal. The interferers may be Non-Gaussiamn
signal sources or at most one Gaussian signal unknown

to the network.
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[00135] After despreading the known codes in the code
despreader 406, the blind signal separation processor
410 receives a mixing matrix 412 of rank 6. The rank
of 6 is derived based upon 2 antenna elements
multiplied by a factor of 3 since 3 codes are known.
[00136] The 6 signals are applied to the blind signal
separation processor 410 wherein the mixing matrix 412
having a rank of 6 is formed. The blind signal
separation processor 410 determines the separation
matrix W from only the received signals modified by the
channels: x = As. In the illustrated example, 6 signals
are separable.

[00137] 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 equalization techniques
that combine the multipath versions of the same signal.
[00138] 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 matrix 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.

[00139] Referring now to FIG. 15, the other approach

for increasing the rank of the mixing matrix A without
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increasing the number N of antenna elements is to
separate a received mixed signal into its in-phase (I)
and quadrature (Q) components. I and Q components of a
coherent RF signal are components whose amplitudes are
the same but whose phases are separated by 90 degrees.
[00140] The communications device 500 comprises an
antenna array 502 comprising N antenna elements 504 for
receiving at least N different summations of the M
source signals. A respective in-phase and quadrature
module 506 is downstream to each antenna element 504
for separating each one of the N different summations
of the M source signals received thereby into an in-
phase and quadrature component set.

[00141] A receiver assembly 508 is downstream to each
in-phase and quadrature 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
quadrature component set provides 2 inputs into the
mixing matrix 512. The mixing matrix 512 has a rank
equal up to 2N, and the blind signal separation
processor 510 separates desired source signals 514 from
the mixing matrix 512.

[00142] One of the respective I and Q modules 506
downstream from an antenna element 502 is illustrated
in FIG. 16. A mixed signal received at the antenna
element 502 is split by a pair of mixers 520. I and Q
components are commonly produced by translating an
intermediate frequency (IF) signal to another frequency

range with two synchronous detectors to which identical
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reference signals 90 degrees out of phase are applied.
Together, the I and Q signals preserve the phase
information contained in the IF signal, thereby
enabling a signal having a positive frequency to be
differentiated from one having a negative frequency.
[00143] By separating the received mixed signals into
I and Q components, the size of the mixing matrix
increases by a factor of 2. As long as the I and Q
components are encoded with different data streams,
then the mixed signal received at any antenna element
may be split into two different mixed signals.

[00144] In the case of differential encoding the
nature of the modulation needs to be analyzed to
determine if I and Q meet the linearity requirement.
For instance, it has been shown for GSM that the GMSK
encoding can be assumed linear when used with
appropriate filtering, and processed in the receiver as
if it were BPSK encoding. Since BPSK meets the
requirements for blind signal separation processing,
the I and Q process described can be used.

[00145] I and Q components can be used with any of
the above describbed antenna array embodiments to
populate the mixing matrix A. When I and Q is used,
the mixing matrix A can be populated as if 2 times the
number of antenna elements were used. Another example
could be the use of 2 antenna elements (a factor of 2)
that are uncorrelated with unequal polarization (a
factor of 2*2), and in combination with the I and Q
components (a factor of 2*2*2) so that 8 independent
mixed signal sums are generated.

[00146] This mechanism could also be used with the

antenna array deflection technique to create more sums
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of signals. EBEach of these sums could in turn also be
separated into I and Q components.

[00147] Another aspect of the invention is directed
to Multiple Input and Multiple Output (MIMO) antenna
techniques for exploiting multiple use of the same RF
channel. A receiver processing technique for
interference cancellation minimizes the number of
antennas required by exploiting pattern diversity,
rather than using antenna diversity to achieve
increased signal ing robustness and corresponding data
rates.

[00148] An antenna array has a changeable weighting
in its receiver paths. As these weights are changed,
the receive antenna pattern is modified. By using
techniques similar to those well documented for blind
signal separation (BSS), a desired signal may be
extracted from receiver data containing signals from a
number of interferers.

[00149] Regardless of how the patterns are formed,
the substitution of pattern diversity for antenna
diversity in the receiving structure of MIMO
implementations is possible, as illustrated in FIG. 177/.
The number of K patterns ideally would be equivalent to
the number of N antenna elements. However, the K
patterns would be generated with L antenna elements
which is lower than the N antenna elements required in
the prior art. In a manner similar to the existing
antenna array MIMO implementations, M and K are equal
only in the case where all transmitted M spatial
channels are discernable by the K receiver patterns.
Since this will generally be the case only for fixed
transmitter and receivers, an excess of receiver

patterns or transmitter antennas will be necessary to
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achieve a minimum of K or M spatial gain. Multiusex
detection processing techniques will be utilized to
separate out the data channels in the receiver systems.
All the methods discussed above for building the mixing
matrix may be used as part of this implementation.
[00150] Another aspect of the invention is directed
to inter-symbol interference (ISI). Limitations when
using Fourier transforms for reducing ISI are addressed
by the configuration provided in FIG. 18. The
following blocks have been added on the transmit side
to improve the Fourier transform method of reducing
ISI: Viterbi encoding, repetition/puncturing and block
redundancy intexrleaving have been added to the transmit
side. On the receive side, the following blocks have
been added: BSS interference removal, block de-
interleaving, de-repetition/de-puncturing and Viterli
decoding.

[00151] The “Viterbi Encoding” has a robust
redundancy that overcomes inaccuracies in the data
decoding process. Alternate forms of coding such as
turbo coding are also applicable. The “Repetition or
Puncturing” enables data block matching between the
source data rate and the transmitted data rate. The
“Block Interleawving” randomizes the sequentially
arriving source data to maximize the probability of
proper decoding, in that it improves resilience to
propagation chamnnel conditions. This introduces block
errors due to, for example, a severe fade, by
distributing the block errors prior to the Viterbi
decoder which can recover the data stream from randomly
distributed errors much more effectively than block

errors. The “YBSS Interference Removal” reduces the
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signal to the intended signal prior to conversion back
into the time domain.

[00152] Given that the resulting frequency domain
signal has a known statistically characteristic, which
is unlikely to be uniform, the best way to cope with
the non-uniform distribution (level of the PAR) would
be to add in a non-linear mapper (to equalize the
signal level across the frequencies) at the output of
the FFT, and a reverse transform at the input to the
IFET.

[00153] In addition, this signal would typically be
modulated and banded into a transmit frequency in a
realistic scenario so adding in a modulator, up
converter and down converter, demodulator would
complete the picture. There will be a discontinuity at
the boundaries between the transmitted waveforms. This
can be mitigated in several ways. One would be to add a
guard band between the waveforms in which a curve is
interpolated between the waveforms to minimize the
frequency components generated. All the methods
discussed above for building the mixing matrix may be
used as part of this implementation.

[00154] Another aspect of the invention is directed
to pattern diversity to support layer space
communications. Referring now to FIG. 19, in the
preferred embodiment the transmitter changes the power
levels for each layered space stream on a time slotted
basis. The streams therefore arrive at the receiver
with various power levels, which provide suitable
differences in the received signals for population of a
matrix suitable for BSS separation processing. Since
all the power adjustments are done at the transmitter,

the number of I antenna elements at the receiver is
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one, and no pattern generation hardware or software
components are needed at the receiver.

[00155] This approach also addresses the prior art in
that small angular differences between arriving signals
is no longer a problem in creating pattern contours
that adequately differ between the signals.

[00156] In another embodiment, there are significant
interferers other than from the desired transmitter . If
there is a single such interferer, the differences
between it and the changing desired transmitter wave
fronts will be adeguate to have the BSS processing
separate all the signals. If there is more than one
significant interferer the rank of the matrix may not
be adequate. The system performance could be improved
by creating additional pattern changes at the receiver.
While this is a dewviation from the preferred

embodiment, it still requires significantly fewer
patterns than before, and therefore, a less involved
implementation at the receiver.

[00157] In another embodiment, multiple streams of
data are summed together for transmission via one power
amplifier via a single antenna element. On a time
slotted basis the relative power level among the suimmed
signals is wvaried in a fashion suitable for BSS
decoding at the receiver. An advantage of this approach
is that the individual signal streams in the composite
signal experience the identical propagation path
effects, which means the relative signal relationships
are maintained between the transmitter and the

receiver. This provides a very robust decoding
situation at the receiver.

[00158] This concept is scalable in that a number of

individual sums of signals can be sent via different
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antenna elememnts. Robust signal separation can
therefore be obtained along with multipath diversity
gains and/or spatial capacity gains. To address the
issue of peak to average signal power ratios ideally
being constant, the powers of the summed signals could
be adjusted in a fashion that maintains a near constant
power level. All the methods discussed above for
building the mixing matrix may be used as part of this
implementation.

[00159] Another aspect of the invention is directed
to undulating patterns to support multiple simultaneous
transmitters. Referring now to FIG. 20, multiple
devices transmitting to the access point modulate their
RF patterns. The intended access point and unintended
access points will therefore receive different powex
level versions of the transmitted signals. This
provides the information necessary for BSS to separate
the signals.

[00160] The modulation can be as simple as changing
the transmitted power. This can be done independent of
the pattern’s contour, so omni-directional, sectored,
or even beam formed patterns can be used. Other
techniques such as changing the bore sight of a
transmission beam can also be used.

[00161] The most effective approach is to have the
transmitters use aligned time slots. The timing can be
set by using internal clocks in the devices, or syncing
up to a common time mark sent by the access point. If
there is misalignment as to when the signals arrived at
the receiver, there is a degradation in the BSS ability
to separate the signals. Alignment can be adjusted by

determining the distances to the devices, or measuring
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the time delay. Timing advance or retardation
techniques can then be used by the accessing devices.
[00162] Given that the signal received gain changes
are both being used by BSS 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 intended receiver
should be aligned to. If there is overall network
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 intended receiver.

[00163] If there are other signal sources which do
not use the RF power level modulation technique,
classical signal rejection techniques can be used.
Alternately, the receiver may use patterns or other
means to increase the rank of the BSS suitable matrix.
Even if the latter means are utilized, the degree of
the matrix information derived will greatly reduce the
overhead to implemented at the access point receiver.
All the methods discussed above for building the mi xing
matrix may be used as part of this implementation.
[00164] Another aspect of the invention is direct ed
to adjusting BSS RF decoding for optimized processing
and power drain. The number of signals that need to be
separated to decode the stream(s) of interest are
reduced. In general the rank of the decoding matrix
determines the number of the most significant signals
that will be separated, while the rest of the signals
are treated as noise. This value therefore needs to be
at a minimum inclusive of the signals to be decoded. A

possibly higher minimum may be necessary to decrease
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the noise component so that the signal to noise ratio
allows an acceptable decoding error rate.

[00165] FIG. 21 illustrates implementation of the
receiver only operation. FIG. 22 is a superset of FIG.
21 and also includes data from the transmitter(s) to
the receiver, and optionally, data from the receiver to
the transmitter(s).

[00166] If the options to fill the matrix exceed the
rank necessary for operation, the antenna array control
can reduce the number of options being utilized. Some
selections from the available set may be more desdirable
than others, and the optimum selection can allow for a
lower matrix rank. This set can be determined by
examination of the signals from the various optioms in
comparison with the other options, by trial and exror
techniques (e.g., comparisons of results with option k
used and not used), or by historical tracking of
conditions and results. Which method or combination of
methods used can also be determined based on
effectiveness given known conditions and historical
evidence.

[00167] When a device is known to be within range of
significant signals from several sources, as occuxrs in
coverage overlap regions, the highest power signals can
be expected to come from significantly different
directions. The options should therefore be chosem to
provide signi ficant signal differences in those
directions.

[00168] With respect to encoding, the error
correcting encoding determines the error rates that can
be tolerated in the raw decoded streams. Since the raw
error rate is also a function of the subset of the

matrix fill options, there is a tradeoff between these
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settings. A feedback and control loop between the
encoder and decoder can be used to choose the optimum
mutual settings.

[00169] If the receiver is found not to be in a power
limited situation (e.g., power by line wvoltage), the
decoder may increase its matrix rank. This can be used
for several purposes. A higher rank may reduce the
noise, which dncreases the signal to noise ratio, which
in turn reduces the error rate. Reduced noise may be
used to increase the transmit data rate, reduce the
error correction encoding, or improve the overall
reliability of the link.

[00170] Shifting the burden of matrix filling to the
recelver can also reduce the load on the transmitters,
which can be exploited if there is a control loop
between the two. Conversely, a device using a battery
may try to negotiate an increase in rank creation to
the more robustly supplied device(s).

[00171] By changing timing settings, the most robust
operation requires that the decoding matrix be
recalculated for every symbol. Often however, the
coherence time exceeds the number of symbols, such that
measurements are only needed at a rate slightly faster
than the cohexence time. Reducing the decoding matrix
determination occurrences will save power and processor
overhead.

[00172] Monitoring the changes in the matrix from one
occurrence to another is used to determine how often
the decoding matrix must be recalculated. In wide band
systems the subchannels often have individual coherence
times. Each subchannel can have its own decoding matrix
and associated measurement rate. This eliminates the

need to recalculate one very large decoding matxix at
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the fastest necessary rate. In general, the sum of
measurements for the sub-decoding matrixes will lbbe less
than for the use of one large one.

[00173] With respect to pattern transmission, if the
source is creating patterns, the receiver can adjust
its matrix fill receive options to provide adequate
matrix rank. The receiver can base its value on
information as to the transmission characteristics it
is informed of by the transmitter(s), measurements on
the received streams and decoded data, or negotiated
settings with the source(s). In the negotiated case the
resource constxaints of the source may also be taken
into account, so that it is possible that either one
could assume a higher burden in order to offload the
other the one.

[00174] With respect to matrix solving techniques, in
general the decoding matrix will not vary much from one
calculation to the next. The prior values can therefore
be used as seeds to iterative determination of the
solution, which will be less processor intense than
determination £rom scratch. When the matrix is large
to be begin with, iterative decoding will usually be
faster even when the solution is determined from an
unknown state. This is a well know way to solve large
ranked, fairly full matrices.

[00175] In general, combinations of all of the above
are possible depending on available components, -
revision code levels, suitable equipment, and other
factors which affect plausible operation. All the
methods discussed above for building the mixing matrix
may be used as part of this implementation.

[001761] Another aspect of the invention is directed

to undulating patterns to support effective area
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coverage. With respect to pattern transmission, the
basic concept is to use sectored coverage patterns at
the infrastructure sites. The actual number of sectors
utilized wvaries with capacity needs and related cost
factors. Real implementations may vary from a single
sector, to an arbitrarily large number. The sectors
themselves may be subdivided in the azimuth oxr
elevation 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 situation.

[00177] The prior art has the receiver generating the
pattern changes suitable for BSS signal separation
processing. In contrast, the transmitter utilizes
techniques so that a suitable BSS decoder environment
at least partially exists. In some implementations this
will mean the receiver need not generate any undulating
patterns. In other implementations, it means tthe number
of undulating patterns is significantly reduced. .
[00178] One embodiment is for one transmission point.
This embodiment addresses the situation when it is
unknown whether other transmission sources in the
region are also operating. Referring to FIG. 23, the
transmit pattern contours are undulated in a timing
sequencing know to the receiver.

[00179] The changes in the transmit pattern are timed
to coincide with divisions of the transmit symbol.
Instead of bore sight movement, the contour of the
pattern is changed and held constant for each time

slot. The coverage area therefore does not
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significantly change, and there is no foresight
tracking issue to contend with.

[00180] The receiver will experience a change in wave
front power level due to the changing transmission
contours. The BSS matrix will therefore be populated
with the differences of the various signal streams at
differentt relative gain values.

[00181] If the received dominant signals are all from
one or more transmitters using the undulating
signaling, the receiver merely takes samples during
each pattern change, and uses the resulting data to
populate the matrix for BSS signal separation.

[00182] 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.

[00183] For the BSS decoder implementation for
example, if three contours with three signals are sent
by the txransmitter and there are two other signals
being received, the receiver would need to generate at
least two contours to separate the interferers against
each other. This is three contours less than would have
been needed if the transmitter were not generating its
own set, so the implementation burden on the receiver
is always reduced.

[00184] If a transmitter is sending a single stream

along a signal path, the pattern contour set need not
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be rotational or dissimilar. This is because the signal
as detected at the receiver is being changed relative
all other received signals. The transmitter may
therefore use a simple power change for the overall
pattern rather than needing to change the shape of the
contour. If only one other stream is summmed at the
receiver, BSS will be able to separate them even though
one is constant in amplitude. This is because the power
dithering source provides the changes necessary for its
operation. If more than one other stream is received,
they appear as a single grouped interferer to BSS,
unles s the receiver itself uses other separation means,
or has its own undulating pattern generation
capability.

[00185] A pattern transmitter in the receive mode
will now be discussed. Since BSS processing of
multiple pattern contours is an excellent method for
signal separation, the same techniques used to generate
the transmit patterns can also be used to generate
multiple receiver values. The only cost factor for BSS
reception when transmission is already supported, is
there fore the BSS processing overhead.

[0018 6] User equipment receiver feedback to the
transmitter will now be discussed. While not strictly
neces sary, feed back information from the user
equipment receiver can be used to improve the overall
operation of the links. For 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 other

communication links. Some of the adjustments could be:
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which and in what sequence each pattern is used, and
how many changes are made during the course of a symbol
transmission (i.e., change £rom M to N contours).
Adjustments in contour changes per symbol will need to
be conveyed to the receiver for best performance.
[00187] A second embodiment involves multiple
transmission points that are known to be using the
above described approach. The receiver operation for
the multi-transmitter site dmplementation 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 signal separation.
[00188] More robust operation however may be obtained
by receiving information from the network as to the
nature of the coordinated txansmission parameters. For
instance, the rank of the matrix, which in turn
dictates the number of required patterns, can be
adjusted. The receiver’s generation of patterns, when
available, is therefore adjusted per this information.
Network wide radio resource management can utilize
information fed back the user equipment to establish
network wide pattern usage, orientations, power levels
and timing. 'All the methods discussed above for
building the mixing matrix may be used as part of this
implementation.

[00189] Another aspect of the invention is directed
to BSS and pattern undulation to aid CDMA signal

separation. For an BSS algorithm to effectively
separate the signals, 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
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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.
[00190] FIG. 24 shows a case where in frequency the
symbol is varied 12 times (12 chips). The parameter
being varied is held constant for 4 chips. Three
variations per symbol implies that three distinct
signals can be separated from the aggregate received
signal.

[00191] If a transmitter is sending a single stream
along a signal path, the pattern contour set need not
be rotational or dissimilar. This is because the signal
as detected at the receiver is being changed relative
all other received signals. The transmitter may
therefore use a simple power change for the overall
pattern rather than needing to change the shape of.the
contour. If only one other stream is summed at the
receiver, BSS will be able to separate them even though
one is constant in amplitude. This is because the power
dithering source provides the changes necessary for its
operation. If more than one other stream is received,
they appear as a single grouped interferer to BSS,
unless the receiver itself uses other separation means,
or has its own undulating pattern generation
capability.

[00192] While not strictly necessary, feed back
information from the user equipment receiver can be
used to improve the overall operation of the links. For
instance, the receiver can determine the degree to

which each change in pattern contour provides useful
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data. This information is fed back to the transmitter.
The transmitter can then adjust its operation to
improve the link, utilize less power, or cause less
interference to other communication links. While there
are many ways of changing the power profiles, some of
the adjustments could be which and in what sequence
each pattern is used; how many changes are made during
the course of a symbol transmission; and how to
modulate or dither the power to an individual link.
Adjustments in contour changes per symbol will need to
be conveyed to the receiver for best performance.
[00193] Practical power amplifiers are best utilized
in their linear operational range. With a large peak to
average power ratio, the operational range for linear
operation is reduced resulting in a reduced linear
dynamic control range for the PA, and hence a reduced
operational distance between transmitter and receiver.
When power is the transmit parameter being utilized,
this concern can be mitigated by several approaches.
[00194] These approaches include when more than omne
sink is being powered by the same amplifier, the BSS
changes can be synchronized in a fashion such that the
sum of the powers of all signals remains constant. In
other words the increase of some transmissions is
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 ripple induced. Excess power can
diverted to a dissipation load.

[00195] The patterns in two or three dimensions may
be created by a number of means for both the transmit
and the receive antennas, including adjustment of the

delay and power level of phase array antennas;
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parasitic antenna elements with switchable loads;
changes in polarization; changes in power plane loading
which cause deflection of the patterns; mechanical
movement of elements or reflectors; and a combinat ion
of any of the abowve. All the methods discussed above
for building the mixing matrix may be used as part of
this implementation.

[00196] Another aspect of the invention is directed
to a single receiver for multiple spatial independent
channels. Switched parasitic antennas can be coupled
with a high speed digitizer and down converter to
provide multiple spatial independent channels to a base
band processing structure. Multiple spatial independent
channels are provided by using a single low noise
amplifier (LNA), a mixer, a local oscillator (LO), a
low pass filter (LPF) and an analog-to-digital
converter (ADC).

[00197] The multiple spatial independent channel s
obtained with this technique may be processed any of a
variety of ways. Examples might include coherent
combining, blind signal separation (BSS) or multiple
input multiple output (MIMO) receive processing.

[00198] The system principles are described below and
relate to FIG. 25. The preferred embodiment consists of
a single antenna array with switching components into
inductors and capacitors. The band pass filter limits
both the frequency band and total RF power presented to
the LNA. The ILNA is not just a low noise amplifier for
the received signal. The mixer and LO tune the RF
signal down to either an intermediate frequency (I F) or
to base band DC. Either implementation is compatib le

with the back end processing.
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[00199] The antenna switching, optional LO switching
and demultiplexor switching are all driven by the same
digital sequence generator so that the N channels of
signal are produced from the N diversity modes of the
antenna. This produces a single channel RF output fixrom
the mixer to present to the LPF and ADC.

[00200] The ADC, while not shown in the figure as
such, is synchronous to the same digital sequence
generator that driwves the antenna modes, optional LO
and demultiplexor. Considering a signal with carriex
frequency Fc and modulation bandwidth B, the
demiltiplexor acts as a down-sampling operation with
impulses for the pulse shape. For an array with N
elements, the sampling frequency of the ADC must be at
least 2*N*B. The N is needed since only one of every N
samples will be presented to a demodulator chain in the
base band processox. The 2*B is needed to satisfy the
Nyguist sampling theory. Therefore, the signal
bandwidth received by this system is also limited by
the switching speed of the device.

[00201] The demultiplexor alternates samples to each
of the N parallel demodulator circuits inside the BBP.
The sample distribution scheme must not be in groups
but instead, sequential distribution. For example, if
there are three antenna diversity options (left, right
and omni) then N=3. The samples from the ADC numbered
i, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 would be
distributed as such 1, 4, 7, 10 to the first
demodulator chain; 2, 5, 8, 11 to the second
demodulator chain; and 3, 6, 9, 12 to the third
demodulator chain.

[00202] As mentioned before, the demodulators could

be a form of coherent combining, BSS or either of the
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two common MIMO demodulation techniques. This could be
N instantiations of a single demodulation circuit or
one package that expects N spatially independent
channels. The coherent combining could be the weighting
of soft decisions or manipulations of hard decisions.
Some implementation limitations are discussed below .
They include signal to noilse ratio (SNR)
considerations, noise figure, impedance matching, and
received signal power.

[00203] If you assume that the antenna array has a
bandwidth that is matched to the received signal, the
in-band SNR has remained the same. However, the in-band
signal energy has been reduced by a factor of N?
compared to that of a conventional array.

[00204] 'Since‘the LNA is the first effective
component in the signal path after the antenna array,
the noise figure is not as much a concern as when
switched arrays start with a PIN diode. Since each
channel after the demultiplexor receives 1/N of the
signal power, the LNA gain requirement is increased by
10logigN to retain comparable signal amplitudes at the
output of the mixer.

[00205] Switching among different antenna element s
will introduce a change in impedance matching
characteristics. This is not the case for the antenma
implementation which always has the “active” antenna
element as the only one directly connected to the RF
path. The other “parasitic” antenna elements are only
influential on the RF path.

[00206] An alternate embodiment that could be
compatible with some MIMO and other parallel path
transmission schemes is to integrate tuning the LO to

different carrier frequencies as well as switching to
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different diversity modes of the antenna array. This
could be done synchronous or independent of each other.
In time they must still occur simultaneous, but the
state of each (array mode versus carrier frequency)
does not need to stay in phase.

[00207] This would be a useful implementation to
receive the 802.11g+ waveforms where two regular
802.11g waveforms are transmitted on different carriers
in parallel. In this case, you would alternate between
the upper and lower carrier frequency on the LO and
then in a different pattern, alternate the diffexrent
diversity modes of the antenna array.

[00208] The mixer can be set to down-convert the RF
waveform to ann IF or to baseband DC. This changes some
of the sampling requirements of the ADC. Intentional
aliasing and other techniques can perform IF under
sampling and still recover the information content
intended.

[00209] This approach also considers the dual use of
the antenna for both receive and transmit functions.
For some applications such as satellite reception, the
transmit function is not required. For time divdision
duplexed systems (such as WLAN, WiMAX, WCDMA-TDD, TD-
SCDMA, etc.) or time slotted FDD systems (such as
GSM/GPRS) where receive and transmit are not
simultaneous, the receive antenna can be multiplexed
when the transmit mode can be considered independent.
For full duplex FDD systems (such as CDMA2000 or WCDMA-
FDD) the transmit function may be accomplished by way
of a separate antenna(s). Any of these air intexfaces
may use any of the enabled demodulator techniques

(coherent combining, BSS, MIMO).
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[00210] Another aspect of the invention is directed
to BSS as applied to CDMA receiver processing. Antenna
arrays with adequate separation between antenna
elements are suitable for feeding the decoding chains.
A survey of the available literature indicates that in
general this is the belief of those skilled in the art.
[00211] Other documents discuss what is referred to
as Single Antenna Interference Cancellation (SAIC)
techniques. Those that utilize BSS, ;equire that the
modulation have correlated and or statistically
independent I and Q channels to create a rank 2 matrix.
These decoders therefore separate one interferer and
the desired signal. If there are two interferers,
existing SAIC techniques are not viable. They refer to
this as using a “virtual” second antenna.

[00212] The prior art can be improved upon by
obtaining independent sums of the signals by the
existing art means, and by other methods not presently
exploited in the literature. While I and Q means are
practical in some radio access networks, they may not
be suitable for CDMA encoding. All the methods
discussed above for building the mixing matrix may be
used as part of this implementation.

[00213] While these techniques increase the rank of
the ICA usable matrix and make it more likely the
application of the ICA will also extract the desired
signals, it cannot be guaranteed. So the techniques
just detailed still need to be used to select the
appropriate decoding chain. For instance, you would
need to back off from ICA processing if it was owverly
detrimental to the signal sum being processed.

[00214] In a second embodiment, a different decoding
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chain is utilized as illustrated in FIG. 26. At Node A
an example of a signal set is shown in FIG. 27 . A
single interferer is shown for clarity, but the same
arguments can be applied to multiple interferers and an
increased matrix rank. The noise floor is exceeded by a
narrow band interferer, and the desired CDMA signal is
below the noise floor.

[00215] At node B in FIG. 28, the interferer has been
extracted. The “selector” determines if the extracted
signals are indeed interferers. If no interferers are
present, no signal is selected. If a signal has the
characteristics of the desired signal, it is not
selected. If one or more interferers are selected, they
are presented to the “inverter” (Node C). ICA
extraction can invert or not invert a received signal,
and a determination is necessary as to whether each
signal needs to be inverted to match the receiwved
signal.

[00216] The interferers, with the correct amplitude
sign, are presented to the negative input of the summer
at Node D. One skilled in the art would of course
recognize that alternative, but equivalent
implementations are possible. For instance a pure
summer could be utilized at this stage, and the
inverter would only be employed when the signals were
extracted with the non-inverted waveform. A delayed
version of the original received signal (Node A) is
presented at the other summer input. The delay value is
equal to the delays incurred by the ICS, Select, and
“inverter” processing. One skilled in the art would of
course recognize that alternative, but equivalent
implementations are possible. For instance, the delay

and summer functional blocks could be replaced by a
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minimi zation block that shifts and sums the two signals
until a minimum is realized.

[00217 ] At Node D in FIG. 29, the interferers have
been removed. At Node E in FIG. 30, the Rake receiver
has de-spread the signal, which now may be presented to
the base band decoder. A further detail of this
embodiment is that the signals gathered by the antenna
structure can be obtained via the options per the
previously discussed embodiment for enhancimng the
existing art.

[00218] It should be recognized the structure as
shown in FIG. 26 is only one way to implement the
outlined invention. Rather than having the “selector”
present no signal when appropriate, the prior art
implementation of selecting a different path other the
other either in pre or post processing posittion could
also be used. The tradeoffs have to do with processing
delays, cost of implementation, robustness of overall
operation,‘ and to some degree designer’s choice. Only
the underlying fundamental concept of subtracting the
interferers from the signal stream before presentation
to the rake receiver needs to be retained in all
variations to be of the same invention.

[00219] While the prior explanation is shown for a
perfect removal of interferers, it should be realized
that not all interferers may be removed. The removal of
any interferers however will in general prowvide for
improved performance over the prior art, giwven that the
Rake decoder will be dealing with an improved signal
set.

[00220 ] The CDMA signal by its nature is more
Gaussian than its despread version, and will tend to be

more Adifficult for ICA to detect. The removal of some
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data associated with the desired signal however is also
possible, since the signal still retains some
statistical significance. Once again the removal of the
interferers will usually be much more significant, and
an overall gain in what is presented to the Rake
decoder. Alternately, the overall decoding process
could be further enhanced by using an incremental
approach to the process. Meaning the signals could be
examined in more detail as to inclusion or exclusion,
and/or the number of signals removed can be
incrementally increased or decreased and the integrity
of the decoded signal measured for degree of
improvement or worsening of the results.

[00221] A key point of this embodiment is that ICA is
used on signals it can likely identify, and is not used
on the CDMA signals prior to the Rake processing,
during which it would be difficult to identi fy and/or
extract.

[00222] Another aspect of the invention is directed
to hybrid minimum mean squared error matrix—pencil
separation weights for blind signal separation via
patterns. Reference is again directed to U.S. Patent
No. 6,931,362 in which multiple sensors are required to
provide linearly independent summations signals. The
‘362 patent is incorporated herein by reference. The
above describbed antenna arrays may be used instead of
the multiple sénsors, yet the post-processing as
disclosed in the ‘362 patent is still applicable.
[00223] Many modifications and other embodiments of
the invention will come to the mind of one skilled in
the art having the benefit of the teachings presented
in the foregoing descriptions and the associated

drawings. Therefore, it is to be understood that the
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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.
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THAT WHICH IS CLAIMED IS:

1. A communications device for separating
source signals provided by M signal souxces, the
communications device comprising:

an antenna array comprising N antenna
elements for receiving at least N diffexent summations
of the M source signals, at least two of said N antenna
elements being correlated and having different
polarizations for receiving at least two of the N
different summations of the M source signals, with N
and M being greater than 1;

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

a blind signal separation processor connected
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 N, said blind signal separation pxrocessor for
separating desired source signals from the mixing

matrix.

2. A communications device according to

Claim 1 wherein N = M.

3. A communications device according to
Claim 1 wherein the rank of the mixing matrix is K,
where K < N, and said blind signal separation processor
separating K of the M source signals from the mixing

matrix.
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4. A communications device according to
Claim 1 wherein N > M.
5. A communications device according to

Claim 1 wherein the different polarizations are

orthogonal to one another.

6. A communications device according to
Claim 1 wherein the at least two of said N antenna
elements comprises 3 antenna elements that are also
spatially correlated and have different polarizations
so that tri-polarization is supported for receiving 3

different summations of the M source signals.

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

orthogonal to one another.

8. A communications device according to
Claim 1 wherein said antenna array forms at least N
antenna beams for receiving the at least N different
summations of the M source signals, each antenna beam
having 3 db points down from a maximum gain point
thereof providing for signal rejection in at least one

direction of an approaching signal.

9. A communications device according to
Claim 1 wherein said antenna array forms at least one
antenna pattern for receiving at least one of the N
different summations of the M source signals, the at
least one antenna pattern having substantially no 3 db

points down from a maximum gain point thereof resulting
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in no signal rejection in any direction of an

approaching signal.

10. A communications device according to
Claim 1 wherein each summation of the M source signals

is linear.

11. A communications device according to
Claim 1 wherein said blind signal separation processor
separates the desired source signals from the mixing

matrix based on principal component analysis (PCA).

12. A communications device according to
Claim 1 wherein said blind signal separation processor
separates the desired source sigmnals from the mixing

matrix based on independent component analysis (ICA).

13. A communications device according to
Claim 1 wherein said blind signal separation processor
separates the desired source signals from the mixing

matrix based on single value decomposition (SVD).

14. A method for operating a communications
device for separating source sigrnals provided by M
signal sources, the communications device comprising an
antenna array, a receiver connected to the antenna
array, and a blind signal separattion processor
connected to the receiver, the method comprising:

receiving at the antenna array at least N
different summations of the M source signals, the
antenna array comprising N antenna elements with at
least two of the N antenna elements being correlated

and having different polarizations for receiving at
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least two of the N different summations of the M source
signals, with N and M being greater than 1;
providing the at least N different summations
of the M source signals to the receiver; and
processing by the blind signal separation
processor the at least N different summations of the M
source signals received by the receiver, the processing
comprising
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 N, and
separating desired source signals

from the mixing matrix.

15. A method according to Claim 14 wherein N

16. A method according to Claim 14 wherein
the different polaxizations are orthogonal to one

another.

17. A method according to Claim 14 wherein
the at least two of the N antenna elements comprises 3
antenna elements that are also spatially correlated and
have different polarizations so that tri-polarization
is supported for receiving three different summations

of the M source signals.

18. A method according to Claim 14 wherein
the antenna array forms at least N antenna beams for
receiving the at least N different summations of the M

source signals, each antenna beam having 3 db points
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down from a maximum gain point thereof providing for
signal rejection in at least one direction of an

approaching signal.

19. A method according to Claim 14 wherein
the antenna array forms at least one antenna pattern
for receiving at least one of the N different
summations of the M source signals, the at least one
antenna pattern having substantially no 3 db point s
down from a maximum gain point thereof resulting in no
signal rejection in any direction of an approaching

signal.

20. A method according to Claim 14 wherein

each summation of the M source signals is linear.

21. A method according to Claim 14 wherein
the blind signal separation processor separates the
desired source signals from the mixing matrix based on

principal component analysis (PCA).

22. A method according to Claim 14 wherein
the blind signal separation processor separates the
desired source signals from the mixing matrix based on

independent component analysis (ICA).

23. A method according to Claim 14 wherein
the blind signal separation processor separates the
desired source signals from the mixing matrix based on

single value decomposition (SVD).
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