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ACTIVE REPEATER ANTENNA

Cross Reference

The present invention is based upon United States Provisional
Application No. 60/152,129, filed 2 September 1999, which is hereby

incorporated by reference and the priority of which is hereby claimed.

Technical Field

The present invention relates to an active repeater antenna and a method
of use of an active repeater antenna for providing communication to a receiver
outside the line-of-sight of a first transmitter. In addition, the active repeater
antenna and method of use may be applied to extend the radius of a first

transmitter in a telecommunications system.

Background Art

Cellular/wireless telephone communication systems are a relatively new
and important global business. These systems utilize a variety of antenna and
active repeater antenna components. One significant advantage of a wireless
telephone communication system is that it provides ubiquitous coverage of wide
areas, allowing individuals to communicate by telephone away from a fixed
telephone outlet. Such systems dramatically increase efficiency and facilitate
various activities and commerce.

In a typical analog cellular telephone system, a plurality of contiguous
cells, each having a different set of assigned transmission frequencies, are
arranged with handoff means for maintaining continuous communication with
mobile telephones moving from cell to cell. As a mobile unit travels along a path
that passes from one cell to another, a handoff occurs which switches the mobile
unit from a frequency in the set assigned to the cell it is leaving to a new
frequency in the set assigned to the cell it is entering. The handoff command is

typically generated when the signal received from the mobile telephone falls
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below a preselected signal strength thus indicating that the mobile telephone is at
the cell boundary.

Such cellular telephone communication systems must necessarily
incorporate some type of radio signal repeater. A repeater is a
receiver-transmitter combination, often referred to as a transceiver, for receiving
a signal at one frequency and retransmitting the signal on a second frequency.
Depending upon application, the transmitted frequency may be relatively close
to the received frequency, e.g., 600 kHz, or greatly displaced from the received
signal. Depending upon application, frequency, and government regulations, the
transmitter in a repeater may be relatively powerful (hundreds of watts) or may
be rated at just a few watts.

The present system and method, however, are not limited to mobile
systems. For example, telecommunication between users in two buildings,
where there is an antenna on each building, while not subject to the procedure of
the handoff associated with mobile systems, is subject to government
regulations, government assignment of frequencies, and power output
limitations.

One issue of concern with prior systems, both mobile and fixed, is the
power output limitations for each transceiver. Another issue of concern of prior
systems, both mobile and fixed, lies in the fact that many systems cannot provide
communication coverage for buildings or individuals that are outside the line-of-
sight. The concept of line-of-sight is intended to refer to systems where the
signal from one antenna does not reach the second antenna because of one or
more of (a) a physical obstruction, which may be relatively permanent, e.g.,. a
building, or relatively temporary, e.g., a swaying branch of a tree; (b)
misalignment, primarily but not limited to point-to-point systems; and/or (c) a
power output limitation. The misalignment problem may be further understood
depending upon with width of the beam transmitted from a first antenna in the

context of aligning the second antenna.
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One problem associated with prior mobile systems, when a repeater
antenna is used, is that the signal frequency shifts that occur from antenna to
antenna markedly decrease the signal strength and reduce the ability of the signal
to travel between antenna that are not in a line-of-sight. This frequency shifting
necessitates large investment in capital equipment and large numbers of cells
(each including a repeater, an antenna, and typically either ownership or lease of
the associated real estate where the cell is located) to cover densely developed

urban and suburban areas.

Disclosure of Invention

The present invention relates to a method and apparatus for
telecommunication between two locations, where there is an antenna at each
location, and where there is no line-of-sight between the antennas at the two
locations. The present invention also relates to a methad and apparatus for
telecommunication between two relatively fixed locations using active repeater
antennas.

In a non-limiting example, this invention relates to the use of an active
repeater antenna operating generally in the high frequency domain. This
reduces, if not eliminates, the components heretofore found in active repeater
antennas which function to first lower the frequency (e.g., through the use of an
extra mixer and/or local oscillator) and thereafter to raise the frequency.

Currently, when developing a telecommunication system, especially (but
not limited) to an area where there are buildings of varying heights, the top of
each building is not within the line-of-sight of the top of all the other buildings.
Thus, if an antenna was to be placed on the top of each building, a substantial
number of antenna within a given radius from a first antenna (frequently referred
to as a cell, although not limited to cellular communications systems) do not
have a line-of-sight to the first antenna. In fact, it would often be true that no
single antenna is within the line-of-sight of all other antenna. The present

invention permits telecommunication between systems or users in, those
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buildings, or in communication with those buildings, which are outside of the
line-of-sight of systems or users in (or in communication with systems in) other
buildings. Additionally, for certain buildings located outside a
telecommunication radius from an antenna, the present invention may be used to
extend the telecommunication radius to include users in those buildings. The
active repeater antenna and method of the present invention can be used, inter
alia, for both Point-to-Point ("PTP") and Point-to-Multipoint ("PMP")
applications.

It is known that radio frequency waves propagate in a straight path. Thus
if there is an obstruction such as a building, between two antennas, there will be
“gaps” or “holes” in the radio frequency waves on the side of a building distal
from the first antenna. These “gaps” or “holes” are regions where the radio
frequency waves do not reach, and thus are not received, by an antenna or
receiver. This phenomenon is frequently explained by the statement that the
radio frequency beams do not “bend” around a building. Thus if there was a first
antenna from which the signals are propagated, and a second antenna to receive
the signals, if the second antenna was located in a coverage gap or coverage hole,
the second antenna would not receive the signals.

The present invention provides a method and apparatus to eliminate these
gaps or holes as follows. The transmitted signal from a first antenna is directed
to a repeater antenna which is within the line-of-sight of the first antenna. This
repeater antenna receives incoming signal, amplifies the signal, and then
transmits the amplified signal along a line-of-sight to the second antenna which

is located in what was previously the coverage gap.

Brief Description of the Drawings

Reference should now be had to the following description taken in
conjunction with the following drawings.

Fig. 1 is a block diagram of a passive repeater antenna;
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Fig. 2A is a block diagram of one embodiment of an active repeater
antenna;

Fig. 2B is a block diagram of an alternate embodiment of an active
repeater antenna;

Fig. 3 is a diagrammuatic illustration of a passive repeater antenna used to
overcome non line-of-sight coverage;

Fig. 4 is a diagrammatic illustration of an embodiment of the present
invention, wherein an active repeater assembly is used to overcome non line-of-
sight coverage; and

Fig. 5 is a diagrammatic illustration of another embodiment of the present
invention, wherein an active repeater assembly may be used to extend the range

of coverage.

Description of the Preferred Embodiments

One embodiment of an active repeater antenna is as part of a system
designed to interface with a telecommunications system which is operating in the
frequency range which has been referred to as the millimeter range. This
nomenclature is intended to refer to signal frequencies broadly in the 18 to 325
GHz range, where the signal length is so short that the signals will not penetrate
a physical obstruction such as a tree limb or a building. The active repeater
antenna embodiment is designed to provide coverage for those buildings that are
outside the line-of-sight of a first antenna, which may be, but is not limited to, a
standard telecommunications system node. In addition, this embodiment of an
active repeater antenna is provided to help extend the coverage from the first
antenna.

A repeater antenna is classified as either passive or active, depending on
whether active devices are used or not. Interconnecting two antennas 10, 12, with
an interconnect medium 14, such as a waveguide, as shown in Fig. 1, configures
the antenna as a passive repeater 16. In use, the entire assembly of Fig. 1 is

attached to a common platform. The primary disadvantage of a passive repeater



10

15

20

25

30

WO 01/17059 6 PCT/US00/23772

antenna is the difficulty of optimizing antenna alignment without the aid of
external test equipment. Furthermore, the use of the passive repeater antenna is
interrupted when it is desired to monitor the status of the antenna. Finally, a
passive repeater antenna may not be able to provide sufficient gain.

A second type of repeater antenna and the one preferred in the present
invention in one or more embodiments as described herein, uses active
components, such as a low noise amplifier, a driver amplifier and a power
amplifier, for relaying the RF signal as is generally shown in Figs. 2A and 2B.
The advantages of the active repeater antenna include, for example, that it
provides greater coverage distance compared to passive repeater, that it provides
an external monitor port for aligning the antennas, and that the system can be
monitored without interrupting service.

Referring again to Fig. 2A, an embodiment of the active repeater antenna
will be explained. In this embodiment, an active repeater antenna 18 is
positioned for line-of-sight communication between a first node 20 and a second
node 22. The first node could be a base station or a service provider, and the
second node could be the location of a customer. This nomenclature, however,
is merely for illustrative purposes.

For understanding the breadth of the present invention, it should be
appreciated that the repeater antenna is to facilitate telecommunication between
two or more entities. One entity may be a service provider and the other entities
may be customers. One entity may be business headquarters and the other
entities may actually be branch offices. One or more of the entities may be
located in a building, or one or more may be remote from a building, and one or
more of the entities may even be mobile. For the purpose of explanation, while a
first antenna is illustrated and will be described as being located on a first
building, the term node refers to a user, which may or may not be located in the
first building. For convenience, but not for purposes of limitation, this may also
be referred to as a first or primary node. Similarly, while other antenna are

illustrated and will be described as being located on a other buildings, the term
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node refers to a user which may or may not be located in one of the other
buildings. Again, for convenience, but not for purposes of limitation, this may
be referred to as a second node. Each node may be considered, inter alia, as a
source of signals to be transmitted and a destination for signals to be received.
Diagrammatically, for ease of illustration, a primary or secondary node may be
illustrated merely as an antenna.

Thus the term node is not limited to a building or a customer or user
physically located in the building, but is to be thought of in the broadest sense.
For example, a service provider may be located in a building, with a system
which is hard wired to an antenna on top of that building. As another example, a
service provider may be located remote from a building, and may be in either
wireless or hard wire telecommunication with the system which is coupled to an
antenna on top of a building.

A signal from a first node 20 is received at a first antenna 24 of the
repeater antenna 18. This signal is fed to a diplexer 25, and, as is known, the use
of a diplexer permits full duplex communication between the nodes 20 and 22.
The link or path from the first node 20 to the second node 22 will be referred to
as downlink signal flow. The diplexer 25 allows the desired frequency to pass
through while blocking or rejecting or filtering out all other frequencies. This
permits the diplexer to pass signals in two directions, with those signals being
isolated from each other, thus preventing potential feedback oscillation. The
diplexer 25 permits the desired frequency signal from source or first node 20 to
pass to the input of a low noise amplifier/driver amplifier stage 26. The low
noise amplifier, or LNA, functions to amplify the weak high frequency signal
without contributing additional noise to the signal, while the driver amplifier, or
DA, boosts the signal level from the LNA further. The output from the driver
amplifier is then fed to a power amplifier or PA 28. A typical, but non-limiting
gain for a high frequency LNA and driver stage may be between 20 to 30 dB.

The overall gain requirement for the repeater may be achieved by cascading
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several LNA and driver stages in series. The LNA, driver amplifier and PA may
have different noise figures and output power 1dB compression points.

The amplified signal from the output of the PA stage 28 is coupled to a
detector diode 30 through a directional coupler 31. The typical coupling value
for the directional coupler for this application may be between -15 dB to -20 dB.
The detector diode converts the high frequency component to DC voltage, which
can be amplified further if desired. The DC voltage can be connected to any
commercially available voltmeter for aid in the alignment of the repeater antenna
to the first node. The voltmeter reading varies in proportion to the accuracy of
alignment. Thus, the higher the reading on the voltmeter, the closer the first
node or source 20 and the repeater antenna 24 are in alignment. The signal from
the directional coupler 31 is then passed to a second diplexer 25°. The second
diplexer has the same filtering characteristic as the first diplexer 25 and will
route the amplified signal to the second antenna 32 of the active repeater
antenna. The output from the second antenna 32 is transmitted to the second
node 22. As may be appreciated, the second node 22 may be a customer or user,
located in a building which is not in the line-of-sight from the building where the
first node 20 is located.

Since full duplex operation is preferred, although not mandatory since
messages can be transmitted in a broadcast mode, the path of a signal from the
second node 22 back through the active repeater antenna 18 to the first node 20
will now be explained. The signal transmitted from the second node 22 is
received at the second antenna 32 and this may be considered the uplink path.
The signal from the second antenna 32 is passed through the second diplexer 25’
and, through the diplexer filtering, is provided to a low noise amplifier/driver
amplifier (LNA/DA) 26°. The output of the LNA/DA 26’ is the input to a power
amplifier (PA) 28’, the output of which goes through another directional coupler
31’, and detector diode 30°. As may be appreciated, the detector diode 30’ in the
uplink signal flow path is used to aid in the alignment between the antenna 32 in

the active repeater 18, and the antenna 32 at the second node.



10

15

20

25

30

WO 01/17059 9 PCT/US00/23772

The DC/gain adjustment circuit 34 supplies the necessary power to all the
active amplifiers in the repeater antenna 18. In addition to supplying the DC
power, the gain adjustment through the entire repeater antenna 18 can be
changed by adjusting the DC operating point of the amplifiers. By incorporating
the gain adjustment functionality in the repeater antenna, saturating the input of
the intended receiver is eliminated. This result may also be achieved by an in-
line, variable attenuator in lieu of adjusting the DC operating point.

With reference to Fig. 2B, another active repeater antenna system is
illustrated in block diagram form. One difference between the system of Fig. 2A
and the system of Fig. 2B is the following. Fig. 2A, it will be remembered,
included directional coupling with a detector diode in both the downlink and
uplink paths. In the system of Fig. 2B, instead of directional coupling with a
detector diode, an isolator 36 is provided in the downlink path between the
output of the low noise amplifier driver amplifier 26 and the power amplifier 28.
Similarly, in the uplink path, an isolator 36’ is provided in the between the output
of the low noise amplifier driver amplifier 26’ and the power amplifier 28’.
Each isolator is a passive component which does not require any DC power. The
isolator provides impedance matching between the output of the LNA/driver
amplifier and the input of PA, and prevents any undesired frequency components
propagating in the reverse direction. Thus isolator 36 prevents undesired
frequency components from propagating back toward antenna 24 and node 20,
while isolator 36 prevents undesired frequency components from propagating
back toward antenna 32 and node 22.

A second difference between the active repeater antenna 18 of Fig. 2A as
compared to the active repeater antenna of Fig. 2B is that the active repeater
antenna of Fig. 2B does not include the DC voltage detection circuitry for either
the downlink or uplink paths. The DC voltage detection circuitry is not required
for the repeater to function properly, but it does simplify the alignment of the
repeater with respect to antennas at the first node 20 and the second node 22.

Better alignment, of course, will improve overall system performance.
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The active repeater antennas of both Figs. 2A and 2B operate in the high
frequency domain. The main advantage of maintaining an active repeater in high
frequency operation is the elimination of the need for a high frequency mixer and
highly stabilized local oscillator. The use of a mixer, which is a non-linear
component, it is undesirable because of the non-linearity. A local oscillator,
which might otherwise be required in repeater antenna systems which first
reduce and then increase the frequency, is that local oscillators are extremely
susceptible to fluctuation in response to outdoor temperature variations. While a
stabilized local oscillator could theoretically be designed, at a higher cost and
with undesirable complicated phased-locked loop control circuitry, it is not
known if such an oscillator would actually perform satisfactorily for the desired
purpose in the present environment. An additional advantage of operating the
active repeater antenna of the present invention at high frequency is the
elimination of restrictions on the data throughput capability between the nodes
20, 22 due to wider bandwidth operation. Additionally, high frequency operation
allows the elimination of RF and IF dependency.

Both passive and active repeater antennas can be used for non line-of-
sight coverage, as will now be explained. An example of non line-of-sight
coverage application by a passive repeater antenna is shown in Fig. 3. In this
example, the first node 20 is located at a first building 40. It is desired to
provide telecommunication with one or more of the second nodes 22, 22°, 22”
located on buildings 42, 42°, 427, respectively. However, a building 44 is
located between the first building 40 and the buildings 42, 41°, 42” and building
44 has a height which is sufficient so as to block line-of-sight communication
from node 20 to each of nodes 22, 22°, 22”. It must be remembered that the
signal from node 20 is at high frequencies, such as 24 GHz. Since the ratio of
wavelength to frequency is based upon the formula f = 7/4, the wavelength at
such frequencies is too short to penetrate the structure or building. Thus the
signal from node 20 can not penetrate through the building 44, and building 44 is
sufficiently high so as to block signals to and from node 20.
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For purpose of comparison, consider a passive repeater antenna 16
positioned on building 44. Thus, even though the shorter buildings 42, 42’ and
42”are not in the line-of-sight of the node 20, the use of the repeater antenna
provides for full duplex communication between the first node 20 and each of
the second nodes 22, 22°, 22”.

One passive repeater antenna which will provide the aforementioned

duplex communication function can have the following specifications:

Repeater configuration — 30 cm parabolic antenna and 15° sector antenna
Path 1 loss = 126 dB, 2 Km at 25 GHz

Path 2 loss =98.5 dB, 0.08 Km at 25 GHz

Total antenna gain = 15 dBi + 34.5 dBi +22 dBi + 34.5 dBi = 106 dB1
Transmit output power = +24 dBm

Receive signal level = +24 dBm + 106 dBi - 126 dB - 98.5 dB =-94.5 dBm
Receiver threshold = -88dBm

Fade margin = 20 dB (rain zone K)

Required receive level = -68 dBm

Delta gain = - 94.5 dBm +68 dBm =-26.4 dB

Another passive repeater antenna for non line-of-sight full duplex

communication will have the following specifications:

Repeater configuration -- Two 60 cm parabolic antennas

Path 1 loss = 120.4 dB, 1 Km at 25 GHz

Path 2 loss =114 dB, 0.5 Km at 25 GHz

Total antenna gain = 15 dBi + 40 dBi + 40 dBi + 34.5 dBi = 129.5 dBi1

Transmit output power = +24 dBm

Receive signal level = +24 dBm + 129.5 dBi - 120.4 dB - 98.5 dB = -65.4 dBm
Receiver threshold = -88 dBm

Fade margin = 12 dB
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Required receive level = -66 dBm

Delta gain = -65.4 dBm + 66 dBm = 0.6 dB

Based upon the above examples and resultant delta gain, the passive
repeater antenna has very limited application. The non line-of-sight buildings
must be located close to the node and larger size 60 cm diameter parabolic

antennas are required to close the link.

The following example, in the context of Fig. 4, evaluates the use of an
active repeater antenna of the present invention for non line-of-sight coverage.
Specifically, a first node 20 is located on the top of a first building 40 and the
first node, e.g., a customer or base station, may be located within or near the
building. The signal transmissions between the base station or customer and the
first node 20 may be either in hard-wired or wireless form as previously
described. It is desired to provide telecommunication with a customer or base
station in or near building 42 and, for this reason, a second node 22 is located on
top of building 42. The second node, e.g., customer or base station, may be
located within or near building 42, and again, the signal transmissions between
the base station or customer and the second node 22 may be either in hard-wired
or wireless form. As illustrated, there is the absence of a line-of-sight between
node 20 and node 22. Thus, a building 44 is provided with an active repeater
antenna 18. Building 44 is in the proper location and has the proper height to
provide line-of-sight communication between its antenna 18 and both of nodes
(antennas) 20 and 22.

An active repeater antenna for non line-of-sight duplex communication

may have the following specifications:

Repeater configuration — 30cm parabolic antenna, amplifier, and 15° sector

antenna

Path 1 loss = 126 dB, 2 Km at 25 GHz
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Path 2 loss = 126 dB, 2 Km at 25 GHz

Total antenna gain = 15 dBi + 34.5 dBi1 +22 dB1 + 34.5 dBi = 106 dBi1
Repeater amplifier gain = 70 dB

Transmit output power = +24 dBm

Receive signal level = +24 dBm + 106 dBi + 70 dB - 126 dB - 126 dB 52 dBm
Receiver threshold = -88 dBm

Fade margin =30 dB

Required receive level = -58 dBm

Delta gain = -52 dBm + 58 dBm =6 dB

Based upon the resulting Delta gain in this example, the active repeater
antenna offers greater flexibility for implementing non line-of-sight coverage.
Thus, for further example, if the antenna on building 44 was a regular antenna
rather than a repeater antenna, there would be a gap or hole in the coverage since
transmissions from primary node 20 could not reach the antenna on building 42.

Another aspect of the present invention is to utilize the active repeater
antenna to extend the range of coverage. This feature is illustrated and explained
in the context of Fig. 5. In the non-limiting example of Fig. 5, there is an
antenna/primary node 20 associated with building 40. At a frequency of 24
GHz, the transmission range of signals may be generally from about 3.0 km to
about 5.0 km, based upon present day government regulations and power
limitations. If we assume that the buildings 42, 42°, 42 and 44 are all within the
line-of-sight of antenna/node 20, and within 5.0 km, then the use of a repeater
antenna 18 on building 44 will permit transmission between node 20 and
antennas/nodes 46, 46°, 46” on buildings 48, 48°, and 48", respectively,
notwithstanding that those buildings 48, 48°, and 48”, are beyond the range of
transmissions from antenna/node 20.

In the situation where the system at antenna/node 20 has excess capacity,
i.e., antenna/node 20 is not fully utilized in communications with nodes 22, 22’

and 227, then the use of the active repeater 18 to extend the range of coverage
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reduces the need for another “primary” node, thus minimizing the outlay for
capital equipment in the nature of another “primary” node or base station. This
is beneficial in various situations including, but not limited, to the situation
where a service provider is located at building 40 and is providing service to
customers in buildings 48, 48, and 48°. The use of a repeater antenna 18 at
building 44 avoids the need for the service provider to install another “base
station”.

An example of an active repeater antenna may have the following

characteristics:

Repeater configuration — 30 cm parabolic antenna, amplifier, and 30 cm
parabolic antenna

Path 1 loss = 132 dB, 4 Km at 25 GHz

Path 2 loss = 126 dB, 2 Kin at 25 GHz

Total antenna gain = 15 dBi + 34.5 dBi + 34.5 dBi + 34.5 dBi = 118.5 dB1
Repeater amplifier gain = 75 dB

Transmit output power = +24 dBm

Receive signal level = +24 dBm + 118.5 dBi + 75 dB - 132 dB - 126 dB 40.5
dBm

Receiver threshold = -88 dBm

Fade margin =45 dB

Required receive level 43 dBm

Delta gain = - 40.5 dBm + 43 dBm =2.5 dB

Further examples of active repeater antenna systems will now be
explained. The primary node or antenna 20 may be a 90° sector antenna, whose
signals are received at the repeater antenna with a 30 cm parabolic antenna. The
output from the active repeater antenna is via a 45° sector antenna, with a 30 cm

parabolic antenna as the secondary node 22. Another alternative is a 60 cm
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parabolic antenna 20 and a 30 cm parabolic antenna 22, where the active repeater
antenna includes a 60 cm parabolic and a 45° sector antenna, respectively.

Another variation of the active repeater system is as follows. While a 90°
sector antenna may be used at node 20, the repeater antenna may benefit from a
more narrow beam. For example, a 3° beam antenna at both sides of the repeater
antenna may provides satisfactory functionality. Furthermore, if multiple nodes
22, 22’ are geographically close together, then a repeater antenna beam of 15° or
less may provide adequate coverage to both secondary nodes.

While the overall range, under present governmental regulations, is about
3.0 to about 5.0 km, the actual proximity of a second node 22 to the active
repeater antenna can not always be predicted in advance. Thus it is helpful to
have an adjustable gain for the active repeater antenna. This adjustable gain,
however, is preferable set at the time of physical installation, to avoid antenna
saturation.

Various other combinations of sector horn antennas and parabolic
antennas maybe selected and fall within the scope of the present invention. Any
shortage of gain anticipated by a particular configuration of an active repeater
antenna for extended cell radius coverage may be overcome by increasing the
gain requirement of the amplifier in the active repeater antenna.

A passive repeater antenna has limited application for non line-of-sight
coverage, and it is not feasible for extended radius application. The active
repeater antenna offers greater flexibility for non line-of-sight coverage as
compared to the passive repeater antenna and is useful for extending cell radius
coverage, provided a high performance amplifier (such as, for example, one
designed for 70 dB net gain) is used.

As a non-limiting example, a 30 cm antenna and a 15° antenna may be
obtained from Radio Waves, of North Billerica, Massachusetts, USA, as part
numbers HPLPD1-24 and HRND - 24-15-23, respectively, and the remaining
electronics for a repeater antenna may be obtained from Remec Wireless, Inc., of

San Diego, California, USA, as part number W 30322-001.
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Without further elaboration, one skilled in the art with the preceding
description can utilize the present invention to its fullest extent. The preceding
examples are illustrative only, and not intended to limit the present invention in
any way. Other embodiments of the invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be considered

as exemplary only.
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What Is Claimed Is:

1. An antenna system comprising:

a first antenna at a first location;

a second antenna at a second location;

said first and second locations not being within a line-of-sight of
each other; and

an active repeater antenna positioned at a third location which is
within the line-of-sight of each of said first and second locations, to receive

signals from said first antenna and transmit said signals to said second antenna.

2. An antenna system comprising:

a first antenna at a first location;

a second antenna at a second location;

said first and second locations not being within a line-of-sight of
each other; and

a repeater antenna positioned at a third location which is within
the line-of-sight of each of said first and second locations, to receive signals
from said first antenna and transmit said signals to said second antenna; said

signals being transmitted at a frequency in excess of 10 GHz.

3. A method of data transmission including:
positioning a first antenna at a first location;
positioning a second antenna at a second location;
said first and second locations not being within a line-of-sight of each other; and
positioning a repeater antenna at a third location which is within
the line-of-sight of each of said first and second locations, to receive signals
from said first antenna and transmit said signals to said second antenna; said

signals being transmitted at a frequency in excess of approximately 18 GHz.
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4. The invention according to any of the previous claims, wherein at least one

of said locations is fixed.

5.  The invention according to any of the previous claims, wherein a physical
obstruction prevents the first and second locations from being with a line-of-

sight of each other.

6. The invention according to any of the previous claims, wherein physical
distance prevents the first and second locations from being with a line-of-sight of

each other.

7.  The invention according to any of the previous claims, wherein the active

repeater antenna operates in the duplex mode.

8.  The invention according to any of the previous claims, wherein the repeater

antenna transmits a signal in a sector of generally less than 30°.

9.  The invention according to any of the previous claims, wherein the repeater

antenna is free of frequency shifts between received and transmitted signals.

10. The invention according to any of the previous claims, wherein the first

antenna transmits signals in a point-to-multipoint mode.

11. The invention according to any of the previous claims, wherein the repeater

antenna transmits in a point-to-point mode.

12. The invention according to any of the previous claims, wherein the repeater
antenna includes at least one of (a) DC power adjustment; (b) gain adjustment;

and (c¢) DC voltage detection circuitry.



10

15

WO 01/17059 19 PCT/US00/23772

13. The invention according to any of the previous claims, wherein the repeater

antenna provides greater than 70dB gain.

14. The invention according to any of the previous claims, wherein the repeater
antenna includes a sector horn antenna transmitting over a sector of

approximately 15°.

15. The invention according to any of the previous claims, wherein the repeater

antenna includes a parabolic antenna transmitting a beam of approximately 3°.

16. The invention according to any of the previous claims, wherein the repeater

antenna includes gain adjustment.

17. The invention according to claim 16 wherein the gain adjustment is based

on adjusting the DC operating point.
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