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STRUCTURE FOR MULTIPLE ANTENNA Antenna arrays are typically intended to operate in mul-
CONFIGURATIONS tipath environments in which communication signals trans-

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a multiple
antenna system that can operate in either multiple input
multiple output (MIMO) mode, a beam forming/steering
mode or a diversity mode.

2. Description of the Related Art

Many communication systems, and in particular, wireless
communication systems use antennas to convey (i.e., trans-
mit and receive) communication signals. In many cases, a
plurality of antennas is used to convey the signals. The
plurality of antennas, commonly referred to as an antenna
array, is often used to increase the amount of information
(e.g., information transfer rate or throughput) that is being
conveyed or to improve the quality of a signal being
transmitted (or received) by the antenna array. One tech-
nique used with antenna arrays to improve the quality of a
signal being transmitted (or received) is called spatial diver-
sity.

10

20

mitted by an antenna do not propagate in a straight line
towards a receive antenna. Rather, in a multipath
environment, the communication signals scatter off various
objects (e.g., buildings, trees) located between a transmit
antenna and a receive antenna. Thus, a multipath environ-
ment creates a multitude of possible paths for a signal going
from a transmit antenna to a receive antenna. The BLAST
technique exploits a multipath environment by using mul-
tiple transmitters and receivers to create, in effect, a plurality
of independent subchannels each carrying independent
information. The communication signals occupy the same
bandwidth simultaneously and thus spectral efficiency
increases with the number of independent subchannels.
Theoretically, the more scattering that occurs in the multi-
path environment, the more subchannels that can be sup-
ported. Therefore, antenna arrays of a communication sys-
tem that use the BLAST technique serve to increase the
information throughput of a communication network.

For certain situations and for certain types of communi-
cation signals, it is desirable to use one technique over
another. For example, for voice signals where the quality of
the voice signal being transmitted and the capacity (i.e.,
number of voice users supported) are crucially important, it

Spatial diversity is the selection of a particular antenna or 25 is typically advantageous to use beam forming/steering. In
a group of antennas from an array of antennas to transmit (or other situations in which data signals (i.e., text, graphics,
receive) a communication signal. A signal transmitted with Internet data) are being transmitted, the issue of information
a spatially diverse structure will have the signal taking throughput is often paramount compared with other factors
different paths to its ultimate destination. An example of a thus making usage of MIMO techniques desirable in such
transmit diversity scheme is space time spreading (STS) 30 circumstances. The configuration of antenna arrays for the
which is used as part of the standard for IS-2000 wireless two techniques (beam forming/steering and MIMO) have
communication networks. To further improve the quality of  contradicting spatial requirements. In particular, antenna
a transmitted spatially diverse signal, the transmitted diverse arrays that perform beam forming/steering exploit the cor-
signal can also be processed by a beam forming/steering relation aspects of the signals being transmitted by antenna
device; beam forming/steering in combination with STS is 35 elements proximately positioned with respect to each other.
called Steered STS. In beam formir}g/steering or Steered Signal correlation is a phenomenon whereby the varia-
STS the antenna is coupled to a device which controls the tions in the parameters (i.e., amplitude and phase) of a first
relative phase of the signal being transmitted by each  gjonalof a first antenna track the variations in the parameters
antenna in order to form a focused beam in a particular of a second signal of a second antenna in the vicinity of the
direction in space. The beam can control gains (transmit or 40 first antenna. In general, as the spacing between antennas

receive) for specific users or can control gains based on the
direction of the signal. Also the gain can be related to only
the signal strength or both the signal strength and interfer-
ence strength thus maximizing the Carrier to Interference

increases, the correlation between signals being transmitted
(or received) by the antennas decreases. Conversely, as the
spacing between antennas decreases, the correlation
between signals being transmitted (or received) by the

ra?io (C/1). The Steered STS technique can be used in many 45 aptennas increases. To achieve relatively highly correlated
wireless communication networks. A similar scheme called signals in typical wircless communication systems, the
Space Time Transmit Diversity (STTD) has been defined for spacing between antennas is of the order of
Universal Mobile Telecommunications System (UMTS)
networks. The steered STS approach can be used with any 1
diversity schemes such as STS or STTD. 50 54
Another technique used with antenna arrays is called
multiple input multiple output (MIMO). Unlike spatial or less where A is equal to
diversity techniques wherein a group of antennas is used to q
transmit (or receive) a single signal, MIMO techniques use .
an antenna array coupled to a signal processing device 55 7

(including transmission and reception circuitry) to simulta-
neously transmit and/or receive multiple distinct signals. A
particular example of a MIMO system is the BLAST (Bell
Labs LAyered Space Time) scheme conceived by Lucent

which is the wavelength corresponding to the largest fre-
quency (f) within a band of frequencies at which the

Technologies headquartered in Murray Hill, N.J. In BLAST 60 antennas are operating; c is the well known constant repre-
each transmit antenna is used to either transmit or receive senting the speed of light in vacuum. It is desirable to have
distinet signals. Various coded BLAST schemes exist (e.g., relatively high correlation between signals transmitted (or
diagonal BLAST or D-BLAST; vertical BLAST or received) by antennas being used for beam forming/steering
V-BLAST) where each signal is coded prior to being trans- applications such as Steered STS. On the other hand, it is
mitted. In a BLAST device that uses coding, often the same 65 desirable to have a relatively low correlation or no correla-

code is used for each of the distinct signals; this is called
code reuse.

tion between antennas when they are used for MIMO
applications such as BLAST or diversity applications.

IPR2024-00868
Petitioner’s Exhibit 1005
Page 000004



US 6,801,790 B2

3

Communication systems may use antenna arrays config-
ured to perform beam forming/steering through the use of
steered STS. In many situations, these same communication
systems have a need to have BLAST capability or diversity
capability. In order to perform BLAST operations with their
current antenna configurations, such communication sys-
tems have to deploy additional antennas appropriately
spaced with respect to each other and to the existing anten-
nas. Not only is the deployment of additional antennas a cost
increase for service providers, it also presents an environ-
mental and esthetic concern for many communities within
which communication towers comprising base station
equipment and antennas are located. Service providers are
entities that own, operate and control communication net-
works and their associated equipment. What is therefore
needed is an antenna array in which beam forming/steering,
MIMO and diversity operations can be performed on signals
being transmitted and/or received without having to deploy
additional antennas. What is further needed is an antenna
array configuration that can perform either MIMO or beam
forming/steering or diversity operations, or an antenna array,
which simultaneously performs beam forming/steering,
MIMO, diversity operations or any combination thereof.

SUMMARY OF THE INVENTION

The present invention is an antenna array comprising at
least two antenna groups where each group comprises at
least two pairs of antennas where each pair selectively
operates in either a MIMO mode, a beam forming/steering
mode, a diversity mode or any combination thereof. Each
pair of antennas within a group is orthogonally polarized and
each antenna in a pair is selectively activatable. One antenna
from at least one of the pairs in the group is similarly
polarized with one antenna from at least one other pair in the
group. A first group of antennas is positioned with respect to
a second group of antennas such that there is relatively low
correlation or no correlation between signals being trans-
mitted (or received) by any one of the antennas from
different groups. The groups are configured such that they
operate either in a MIMO mode, a beam forming/steering
mode, a diversity or any combination thereof. The groups in
the antenna array are coupled to circuitry that cause certain
antennas in a group to be selected and activated so that each
group is able to operate in any one of the aforementioned
modes.

The antenna groups are coupled to the circuitry via
switches which are activated by control signals from the
circuitry or are designed to automatically route signals to
certain antennas based on certain characteristics of the
signals to be transmitted and/or being received. The switches
are designed such that they are able to determine certain
characteristics from a signal and route that signal to a proper
antenna such that the corresponding group to which the
switch is coupled can operated in either the MIMO, beam
forming/steering or diversity modes. In a preferred embodi-
ment of the present invention, the circuitry is able to
determine certain characteristics of signals to be transmitted
or being received by the antenna array and, based on the
determined characteristics, generate control signals which
activate the proper switches that activate certain antennas in
a group to cause the group to operate in any one of the three
modes or any combination of the three modes. In this
manner, different groups can operate in the same mode or in
different modes as determined by the circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a two-group antenna array version of the
present invention.
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FIG. 2 depicts an alternate configuration for a group of
antennas.

DETAILED DESCRIPTION

The present invention is an antenna array comprising at
least two antenna groups where each group comprises at
least two pairs of antennas where the two pairs selectively
operate in either a MIMO mode, a beam forming/steering
mode, a diversity mode or any combination thereof. Each
pair of antennas within a group is orthogonally polarized
with respect to each other and each antenna in a pair is
selectively activatable. One antenna from at least one of the
pairs in the group is similarly polarized to one antenna from
at least one other pair in the group. A first group of antennas
is positioned with respect to a second group of antennas such
that there is relatively low correlation or no correlation
between signals to be transmitted (or being received) by any
one of the antennas from different groups. The groups are
configured and are positioned with respect to each other
such that any group operates either in the MIMO, beam
forming/steering or diversity modes or such that the groups
operate in any combination of the three modes. The antennas
of the present invention need not all operate at the same
frequency. The particular frequency at which any specific
antenna operates depends on various electrical and mechani-
cal characteristics of the antenna. Therefore, the antenna
array of the present invention encompasses arrays in which
all of the antennas operate at the same frequency or operate
at frequencies falling within a defined range of frequencies.
Thus an antenna is said to be operating at frequency, f, when
it is able to receive (or transmit) signals having frequencies,
f, or other frequencies falling within the defined range of
frequencies where f is the highest frequency in the defined
range and is equal to

%;A (equal to %)

is the corresponding wavelength of the signal to be trans-
mitted (or being received) by the antenna. The antennas
from the groups constituting the antenna array of the present
invention are coupled to circuitry that is operated to cause
certain similarly or orthogonally polarized antennas from a
group to be selected and activated thus enabling the antenna
array to perform beam forming/steering, diversity or MIMO
operations or any combination of all three operations simul-
taneously.

Referring to FIG. 1, there is shown the antenna array of
the present invention. For ease of explanation, FIG. 1 shows
two groups of antennas where each group contains two pairs
of antennas. It will be readily understood that the antenna
array of the present invention is not limited to two-pair
antenna groups and to two-group antenna arrays. Also, for
ease of explanation, the antenna array of the present inven-
tion will be described in terms of transmitting antennas. The
present invention also applies to antennas that are used to
receive signals. The transmit and receive antennas can use
the same type of polarizations or different types of polar-
izations. The present invention comprises antenna arrays
(receive and transmit) that use any combination of different
polarizations in groups within an array.

The first group (101) comprises a first pair of antennas
(antennas 102 and 104) and a second pair of antennas
(antennas 106 and 108). Note that each antenna has a
multiple of antenna elements. The present invention is not
limited to any particular number of antenna elements con-
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tained in each antenna. Thus, for illustrative purposes only,
antenna 102 is shown to have three antenna elements, viz.,
antenna elements 102a, 1025 and 102c. Antenna 104 has
antenna elements 104a, 104b and 104c. Similarly, in the
second pair of the first group, antenna 106 has antenna
elements 106a, 1065 and 106c¢ and antenna 108 has antenna
elements 108z, 1085 and 108c.

Each antenna pair in each group has orthogonally polar-
ized antennas. Thus, for group 101, all of the antenna
elements of antenna 102 are horizontally polarized while all
of the antenna elements of antenna 104 are vertically polar-
ized. Likewise, antenna elements of antenna 106 are hori-
zontally polarized and antenna elements of antenna 108 are
vertically polarized. It is well known that signals transmitted
into a multipath environment from orthogonally polarized
antennas (regardless of the respective distances between the
orthogonally polarized antennas) are uncorrelated to each
other. The polarization used can be either linear polarization
(i.e., vertical/horizontal or +45°), circular polarization (i.e.,
right hand or left hand) or any other well known polarization
techniques. Similarly polarized antennas are antennas whose
polarization orientations are the same or substantially the
same, e.g., two vertically polarized antennas or two right
hand circular polarized antennas. The first group of antennas
is enclosed within an enclosure 100 called a radome.

The antenna array of the present invention is further
configured such that similarly polarized antennas within a
group are positioned with respect to each other such that
they are able to transmit (or receive) signals which are
relatively highly correlated to allow for beam forming/
steering operations. For example, in group 101, antennas
102 and 106 or antennas 104 and 108 are positioned such
that they transmit (or receive) relatively highly correlated
signals when selected and activated. An activated antenna
refers to an antenna that is either transmitting or receiving
communication signals. Preferably, the distance separating
similarly polarized antennas is

A
2

or less. It should be noted, however, that the antenna array
of the present invention is not limited to similarly polarized
antennas (within a group of antennas) positioned at a dis-
tance of

(SIp™

from each other. The distance between similarly polarized
antennas can be greater or less than

A

X
it does not have to be exactly

A
3

The first group of antennas has switches 120 and 122
positioned to select either antennas in each of the antenna
pairs. The selected antenna is thus activated by a signal
present in path 130 corresponding to switch 120 or path 132
corresponding to switch 122. The switches are operated
either electronically, electrically or electromechanically
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6

through means well known to those skilled in the art to
which this invention belongs. For example, a signal on path
138 causes switch 120 to be set to position A or B and switch
122 to be set to position C or D. Signal source/control circuit
128 comprises well known signal processing, transmission
and/or reception circuitry for generating similar or distinct
signals (on paths 130, 132, 134 and 136) depending on the
mode in which the groups are operating thereby activating
the selected antennas. For example, signal source/control
circuit 128 can be the radio and processing equipment
typically used at a base station of a wireless communication
network. Signal source/control circuit 128 also comprises
control circuitry which when operated causes switches 120,
122, 124 and 126 to be set to certain positions to operate the
groups of antennas in either the beam forming/steering
mode, the MIMO mode, the diversity mode or any combi-
nation thereof.

Signal source/control circuit 128 along with the switches
(120, 122, 124 and 126) can be designed to route signals
appearing on paths 130, 132, 134 and 136 to be automati-
cally routed to certain antennas based on characteristics of
the signals so that any group in the antenna array can operate
in either of the three modes. In other words, the switches can
be designed to perform self-routing based on the character-
istics of the signals appearing on paths 130-136. For
example, suppose the antenna array of FIG. 1 is part of
equipment used in a Time Division Multiple Access
(TDMA) communication network providing voice services
(i.e., transmission and reception of voice signals) to some
subscribers and data services (i.e., transmission and recep-
tion of digital information) to other subscribers. Voice
signals are allowed to be transmitted during certain distinct
time slots while data signals are allowed to be transmitted
during other distinct time slots. Typically, beam forming/
steering is a desirable operation to be performed on voice
signals while diversity and/or MIMO operations are desir-
able for data signals. Therefore, the switches (120-126) and
signal source/control circuit 128 can be designed to deter-
mine the characteristic (e.g., assigned slot) of signals to be
transmitted (or received) and route voice signals to one or
more antenna groups whose antennas are activated so that
such groups beam forming/steering operations and route
data signals to antenna groups whose antennas are activated
so that they perform diversity or MIMO operations. In
similar ways one can design other self routing mechanisms
(e.g., code division) to route specific signals to one specific
set of antennas (to employ one mode) while simultaneously
route another set of signals to another set of antennas (to
employ another mode).

The determination and routing of the signals can be done
in either two ways. One way is for signal source/control
circuit 128 to determine the type of signal (based on signal
characteristics) appearing on paths 130, 132, 134 or 136 and
generate control signals on paths 138 and 140 to set the
switches to certain positions thus routing the signals to be
transmitted and/or received by the antenna array to certain
antennas in certain groups allowing the respective antenna
groups to operate in either the MIMO, diversity or beam
forming/steering modes or any combination thereof.
Although not shown in FIGS. 1 and 2, another way is for the
switches themselves to route the signals (on paths 130, 132,
134, and 136) based on the characteristics (e.g., frequency
content, amplitude, phase, code, time slot) of the signals.
Thus, the switches can be designed to be able to process the
signals (to be transmitted or being received), determine the
characteristics of the signals and route the signals accord-
ingly to allow the antenna array of the present invention to
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operate in either one of the three modes or operate in any
combination of the three modes.

Other signal characteristics that can be used will depend
on the type of communication network for which signal

8
ments (i.., 122a—c, 114a—c, 116a—c and 118a—c). All of the
antennas in the second group are located within radome 110.
The second group (103) is positioned with respect to the first
group such signals from any antenna in the second group is

source/control circuit 128 is used. For example, for Code 5 ypcorrelated with any signals f from any antenna in the first
DiViS@OU Mu~1tip1e Access (CDMA) ne;tworlfs, each §ignal group. Accordingly, the second group of antennas is pref-
associated with a particular spbscrlber is a551gned a dlst1pct erably located a distance of at least 102 from the first group.
code; the code can be ascertained by appropriate processing 1 other words, any antenna in the first group is positioned
of the §1gna1 fo be transmitted and/or bel.ng received. at a distance of at least 10A from any antenna in the second
Depending on the value of the code, the switches can be 10 oup. In this manner. the first eroup can perform beam
designed to route signals having certain code values to % P . hil ¢ h % P pf MIMO
certain antenna group or groups which will perform an orm{ng/st.eermg while the second group pertorms
operation (i, MIMO, diversity or beam forming/steering) (or diversity) operations or vice versa. Alternatively, l?oth
associated with the code value. Similarly, for Frequency groups can perform MIMO operations or beam fqrmm_g/
Division Multiple Access (FDMA) networks, which provide 15 steering operations or bmh groups can perform d1hvers1Fy
access to certain signals based on which frequency spectrum operations. It will be readily understood by one Skll.led m
the signals are located, the switches can route the signals to 1hls, art that the d1stanpe between antenna groups is not
certain antennas in certain groups to allow these groups to limited to 19}\; other d1stan§es (e.g 5h, 6?”’ 151) may be
operate in any one of the three modes. u§ed to achieve de-correlation between signals from the
Furthermore, the switches can be designed to route sig- 20 different groups based on propaganon' env13ronrpent.
nals to allow certain groups in the antenna array to operate "l."he.refore, the antenna array of the present invention is not
in any of the three modes based on the services associated hmlteq to an array in which the antenna groups are located
with the signals. For example, communication networks at a distance of 10\ from each other.
provide voice services and data services simultaneously to Antenna group 103 operates in the same manner as
subscribers. Each signal from a subscriber is associated with 25 antenna group 101. In particular, when the second group
a particular service. The switches can be designed to deter- ~ operates in a MIMO mode (or diversity), switch 124 is set
mine the service with which a signal is associated and route to position E while switch 126 is set to position H. Also, the
the signals accordingly to allow certain groups of antennas second group operates in a MIMO mode (or diversity) when
in the antenna array to process such signals through MIMO, switch 124 is set to position F while switch 126 is set to
diversity or beam forming/steering operations. 30 position G. Switches 124 and 126 are designed in the same
Still referring to the first group, when switch 120 is set to manner and operate in the same way as switches 120 and
position A and switch 122 is set to position C, the first group 122. For example switches 124 and 126 can be operated by
can perform beam forming/steering between signals on @ control signal on path 140 or they can determine the
paths 130 and 132 since both signals are similarly polarized characteristics of signals on paths 134 and 136 and activate
(both horizontally polarized) by antennas 102 and 106 35 the antennas in group 103 to operate in any of the three
respectively. Beam forming/steering for the first group can modes (i.e., MIMO, diversity or beam forming/steering) by
also be achieved by setting switch 120 to position B and routing the signals (to be transmitted or being received) to
switch 122 to position D in which case antenna 108 and 104 certain antennas in group 103. Group 103 operates in the
are selected and activated by signals on paths 130 and 132. beam forming/steering mode when switches 124 and 126 are
Therefore, selecting similarly polarized antennas from a 40 set to positions E (or F) and G (or H) respectively. The
group of antennas allows the selected antennas to perform antennas of the second group are activated as in the first
the beam forming/steering operation when activated. group, i.e., when there are signals present on paths 134 and
The first group can also be configured to perform MIMO 136. It will be readily understood that not all of the antennas
operations such as BLAST or perform diversity operations from all the groups of the antenna array have to be activated.
by selecting and activating orthogonally polarized antennas 45 Beam forming/steering, diversity and/or MIMO operations

from the antenna pairs. In particular, when switch 120 is set
to position A and switch 122 is set to position D antennas
102 and 108 are selected and are activated by signals on
paths 130 and 132 respectively. The signals can be distinct
signals that are to be transmitted or are being received using
a BLAST code reuse technique or any other MIMO tech-
nique. The signals can also be distinct both being received
or both being transmitted in a diversity operation. The
signals being transmitted and/or received are uncorrelated to
each other. Another example is where antenna 102 is receiv-
ing a signal while antenna 108 is transmitting another signal
or vice versa and both signals fall within the same range of
frequencies. Note also that MIMO and diversity operations
can also be achieved when antennas 104 and 106 are
selected and activated by setting switch 120 to position B
and switch 122 to position C. Therefore, selecting orthogo-
nally polarized antennas from a group of antennas allows the
selected antennas to perform MIMO operations or diversity
operations when activated.

Referring now to the second of group (103) of antennas
comprising orthogonally polarized antenna pairs 112, 114
and 116, 118 each of which comprises three antenna cle-

50

55

60

65

can be performed in an array where some antennas in certain
groups are not activated or where all antennas in certain
groups are not activated.

Referring now to FIG. 2, there is shown an alternative
configuration for an antenna group. Antennas 202, 204 and
206 are located within radome 200. Each antenna has three
antenna elements; antenna 202 has antenna elements 2024,
202b and 202c¢. Antenna 204 has antenna e¢lements 204a,
204b, and 204c. Antenna 206 has antenna elements 2064,
206b and 206¢. Switch 208 can be set either to position J or
K to select antenna 202 or 204 respectively. Antenna 206 is
permanently coupled to path 232. Antenna 206 is polarized
similarly to antenna 204. Thus, when switch 208 is set to
position K, the antenna group enclosed by radome 200
performs beam steering operations with signals on paths 230
and 232. Paths 230, 232 and 238 are coupled to circuitry (not
shown) that generate communication signals and control
signals. The control signals are placed on path 238 to operate
switch 208. When switch 208 is set to position J, the antenna
group operates in a MIMO mode or in a diversity mode.
Switch 208 can also be designed to perform self-routing in
the same manner as switches 120-126 of FIG. 1.

IPR2024-00868
Petitioner’s Exhibit 1005
Page 000007



US 6,801,790 B2

9
I claim:
1. An antenna array comprising:
at least one group of antennas comprising at least two
pairs of antennas where each pair has orthogonally

10

4. The antenna array of claim 1 where the circuitry selects
and activates at least two similarly polarized antennas in the
at least one group to enable the antenna array to operate in
the beam forming/steering mode.

polarized antennas and at least one antenna from one 5 5 The ant £ claim 4 where the b forming/
pair is similarly polarized to at least one antenna from - 1he antenna array ol claim & where the beam torming
another pair; and steering mode is a Steered STS mode.
switching circuitry coupled to the at least one group for 6. The antenna array of claim 1 where the circuitry selects
dynamically reconfiguring the antenna array by select- and activates at least two orthogonally polarized antennas in
ing and activating certain antennas in the group based ;; the at least one group to enable the antenna array to operate
on characteristics of signals to be transmitted and/or in the MIMO mode.
being fece ived by the antenna array Or on an external 7. The antenna array of claim 1 where the circuitry selects
control signal, based on which antennas are selected . . .
. L P and activates at least two orthogonally polarized antennas in
and activated by the switching circuitry, the antenna
. : . the at least one group to enable the antenna array t operate
array being able to independently and simultaneously in the diversit p)
operate on different signals in a beam forming/steering 15 In the diversity mode. ) )
mode, a MIMO BLAST mode, and/or a diversity mode, 8. The antenna array of claim 1 where the antenpas in the
wherein some of the antennas that are selected and at least one group operate at one frequency or in a same
activated for one of the modes are also selected and range of frequencies.
activated for at least another one of the modes. 9. The antenna array of claim 1 where the switching
2. The antenna array of claim 1 where the at least two 20 circuitry comprises:
antenna pairs are separated by a distance of .
switches used to select antennas from the at least one
1 group of antennas; and
2 signal transmission and/or reception circuitry for activat-
25 ing the selected antennas.
where A is caual to 10. The antenna array of claim 9 where the switches route
q the signals to be transmitted and/or received based on
. services associated with the signals.
7 11. The antenna array of claim 9 where the switches route
30 the signals to be transmitted and/or received based on signal
characteristics determined by the switches.
where ¢ is a mathematical constant representing light speed 12. The antenna array of claim 9 where the signal trans-
in a vacuum and f represents a frequency at which the at least mission and/or reception circuitry generates control signals
two antenna pairs are operating. ) causing the switches to route certain signals to certain
3. The antenna array of claim 1 where any antenna in a 35 aptennas within a group of antennas.
first group 18 positioned at a dlst.ance of 10n from any 13. The antenna array of claim 1 where each of the
antenna in another group where A is equal to antennas in the at least one group comprises a multiple of
antenna elements.
< 14. The antenna array of claim 1 where the at least one
4 40 group comprises a pair of orthogonal polarized antennas and

where c is a constant representing light speed in a vacuum
and f represents a frequency at which the antenna pairs in the
groups are operating.

a single antenna where the single antenna is similarly
polarized to one of the antennas in the pair.
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