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(57) ABSTRACT

A monitoring system 22 for a distributed antenna system
(DAS) 10 1s provided. The DAS comprises central trans-
mitter 12 which 1s connected by a signal transmission
network 14 to a plurality of distributed antenna devices
(DAD) 16.1 to 16.n. The network comprises physical
branches. Each of the DAD’s 1s connected to a respective
sub-branch 14.11 and comprises at least one antenna 18. The
antenna 1s associated with a frequency band having a center
frequency f. and an associated wavelength Ac. The moni-
toring system comprises a central monitoring unit (CMU) 24
which 1s coupled to the network 14. A monitoring device
28.1 1s associated with at least one of the DAD’s and
permanently mounted a distance d<2A_ away from the

antenna ol the DAD. The monitoring device comprises a
controller 30, a transceiver 32 and an antenna 34. The
controller being configured, upon being polled by the CMU
24 with a monitoring signal via the network and the distrib-
uted antenna device, to cause the transcerver 32 to respond
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MONITORING SYSTEM FOR A
DISTRIBUTED ANTENNA SYSTEM

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

REFERENCE TO RELATED APPLICATIONS

This [application] is an application for reissue of U.S.

Pat. No. 9,900,114, issued Feb. 20, 2018, which issued from
U.S. patent application Ser. No. 15/504,977, filed Feb. 17,
2017, which 1s the U.S. National Phase of International
Application PCT/1B2015/056343, filed Aug. 21, 2015, and
claims priority to ZA Application No. 2014/06162, filed
Aug. 21, 2014. Each of the prionity applications is hereby
incorporated by reference 1n 1ts entirety.

INTRODUCTION AND BACKGROUND

This 1vention relates to distributed antenna systems,
more particularly to a monitoring system and method for a
distributed antenna system.

Distributed antenna systems (DAS) are known 1n the art
and are typically employed to provide in-building coverage,
but more recently are also used to provide area coverage
outside of buildings. DAS may be passive or active. A
passive DAS comprises a central or base transceiver station
linked by a radio frequency (RF) signal transmission net-
work comprising RF transmission lines (coaxial or other) to
a plurality of distributed antenna devices (DAD) distributed
through the area to be covered with power diverted accord-
ing to some propagation plan to each DAD, such that
adequate coverage 1s ensured throughout the building or area
for which the DAS 1s installed.

An active DAS 1s similar, but 1in these systems the RF
signals are modulated up to convert them to optical fibre
frequencies. Optical fibers are then used to distribute the
resulting signals to a point close to the DAD. An optic-to-
radio converter unit 1s used to convert the signals back to
theirr original RF band. The optic-to-radio convertor 1s
coupled using RF transmission lines which provide the last
mile to one or more DAD’s, which provide coverage to
sub-areas of the area covered by the DAS. Other active DAS
systems may involve bi-directional amplifiers and/or fre-
quency convertors in between the central transcerver and the
DADs.

A DAS may employ between a few to many hundreds of
DAD’s to provide coverage throughout the area. These
DAD’s or the signal transmission network and intermediate
devices used to link these DAD’s to the base transceiver
station may fail or degrade over time. Currently such faults
are difhicult to detect or monitor. One known solution 1s to
use regular “walk tests” to measure network coverage
throughout the coverage area, but these are time consuming,
costly and faults are detected well after they had occurred.

In U.S. Pat. No. 8,254,848 there 1s disclosed another
solution which comprises a plurality of statically deployed
monitoring devices. The monitoring devices are remote
from the DAD’s being monitored and test results are
reported to a central and remote collection component
directly or indirectly through other monitoring devices hav-
ing an FEthernet connection. This solution may be unneces-
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sarily costly. Furthermore, due to the separation between
DAD’s and the monitoring devices, individual DAD’s and
branches 1n the network may be ditlicult to pinpoint. Hence,
the solution may not be suitable for at least some applica-
tions.

OBJECT OF TH

INVENTION

T

Accordingly 1t 1s an object of the present invention to
provide a monitoring system and method with which the
applicant believes the aforementioned disadvantages may at
least be alleviated or which may provide a useful alternative
for the known systems and methods.

SUMMARY OF THE INVENTION

According to the invention there 1s provided a monitoring
system for a distributed antenna system comprising at least
a central transmitter and a plurality of distributed antenna
devices connected to the transmitter via a respective physi-
cal branch of a signal transmission network comprising a
plurality of branches, each of the distributed antenna devices
comprising at least one antenna which 1s associated with a
frequency band having a centre frequency 1. and a corre-
sponding wavelength A, the monitoring system comprising:

a central monitoring unit which 1s coupled to the network;

at least one monitoring device associated with at least one

of said distributed antenna devices and permanently
mounted a distance d away from the at least one
antenna of the distributed antenna device, the distance
d being less than 2 times A_ (2A.,.

the at least one monitoring device comprising a local

controller, a transceiver and an antenna;

the local controller being configured, upon being polled

by the central monitoring unit via the network and the
distributed antenna device, to cause the transceiver to
respond to the poll by transmitting a response signal to
the central monitoring unit via the distributed antenna
device and the network.

The distance d may be less than A _, preferably less than
A /2 and even less than A 4.

The monitoring device may comprise a local power
supply, for example 1n the form of a battery. Alternatively or
in addition, the monitoring device may comprise an energy
harvesting circuit for collecting energy from the DAD
through the antenna of the monitoring device. The energy
may be used to recharge the battery.

Each monitoring device may be associated with a unique
address which may be stored in a memory arrangement of
the monitoring device.

Each monitoring device may also comprise indicator
means for providing a human perceivable indication relating
to a monitored status of the associated DAD and/or the
branch of the network connected thereto.

The monitoring device may be mounted in or on the
DAD. It may for example be retrofitted on a radome of the
DAD. In such a case, the monitoring device may be housed
in a housing or encapsulated 1n a flexible sleeve or envelope,
which may be adhered to the radome.

The central monitoring unit may comprise means for
measuring the strength of the response signal received from
the at least one monitoring device and a database for storing,
data relating to the unique addresses of each monitoring
device, data relating to a momtored status of each DAD and
optionally data relating to the position of the DAD associ-
ated with the momitoring device.
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The central monitoring unit may be coupled to the net-
work by a suitable coupler to inject a weak monitoring
message or signal or tone into the network. The message or
signal or tone may be in-band or out of specific DAS
communication bands, but within the overall band which the
DAS system 1s designed to operate over.

The monitoring message may be addressed to a targeted
monitoring device by using the unique address of the
monitoring device.

The invention also includes within its scope a DAS
comprising a monitoring system as herein defined and/or
described.

Still turther included within the scope of the present
invention are a central monitoring unit as herein defined
and/or described and a monitoring device as herein defined
and/or described.

The mvention also includes within 1ts scope a method of
monitoring performance of a distributed antenna system
comprising at least a central transmitter and a plurality of
distributed antenna devices connected to the transmitter via
a respective physical branch of a signal transmission net-
work comprising a plurality of branches, each of the dis-
tributed antenna devices comprising at least one antenna
which 1s associated with a frequency band having a centre
frequency 1. and a corresponding wavelength A _, the method
comprising:

for at least some of the distributed antenna devices,

providing a respective monitoring device at a distance
d<2A . from the at least one antenna;

transmitting from a central monitoring unit, along the

network and via the distributed antenna device to at
least one targeted monitoring device a monitoring
signal;

at the at least one targeted monitoring device generating,

a response signal and transmaitting the response signal
to the central momitoring unit via the distributed
antenna device and the network; and

utilizing at least one of the monitoring signal and the

response signal to monitor performance of at least part
of the distributed antenna system.

The monitoring signal may addressed to the at least one
targeted monitoring device by utilizing a respective unique
address of the at least one targeted monitoring device.

The strength of the monitoring signal may be measured at
the at least one targeted monitoring device.

Data relating to the measured strength may then be sent
from the at least one targeted monitoring device via the
associated distributed antenna device and the network to the
central monitoring unit and the data may be 1dentified at the
central monitoring station by the respective unique address.

The strength of the response signal may be measured at
the central monitoring unit.

In some embodiments, the strength of the monitoring
signal may be measured at the at least one targeted moni-
toring device and the strength of the response signal may be
measured at the central monitoring unit and the results of the
measurements may be utilized to monitor the status of
asymmetrical up and down paths between the central moni-
toring unmit and the at least one targeted monitoring unit.

The method may include the step of utilizing switches
which are distributed 1n the network selectively to attenuate
or divert power propagating to at least some of the distrib-
uted antenna devices, thereby selectively to switch the at
least some of the distributed devices out of the distributed
antenna system.

The switches may be controlled by command signals from
at least the central monitoring unit.
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The monitoring signal, the response signal and the com-
mand signals may be at a suitable signal level to ensure
communication and sensing between central monitoring
unit, but below the level of a main signal transmitted by the
central transmitter and below regulatory or operator require-
ments 1n terms of signal radiated from DADs as to meet
regulatory requirements or DAS user requirements.

The momnitoring signal, response signal and command
signals may be transmitted according to a standard protocol
and at a level of =30 dB relative to the main signal.

The monitoring signal, response signal and command
signals may be transmitted out of band relative to the main
signal.

The method as claimed in the may include the step of
indicating the monitored status at the monitoring device and
or transmitting status information to other locations or a
database to be accessed by various interested parties.

The monitored status may be determined by the monitor-
ing device and the monmitoring device may then indicate the
status. In other embodiments the monitored status may be
determined at the central monitoring unit and then the status
may be indicated 1n response to a command sent from the
central monitoring unit to the monitoring device.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DIAGRAMS

The mvention will now further be described, by way of
example only, with reference to the accompanying diagrams
wherein:

FIG. 1 1s a diagram of an example embodiment of a
simple distributed antenna system (DAS) and a monitoring,
system for the DAS;

FIG. 2 1s a diagrammatic representation of an example
embodiment of a distributed antenna device (DAD) forming
part of the DAS 1n FIG. 1 and an associated monitoring
device of the monitoring system;

FIG. 3 1s a basic block diagram of an example embodi-
ment of the monitoring device;

FIG. 4 1s a basic block diagram of another example
embodiment of the monitoring device with an example
embodiment of an energy harvesting circuit for powering the
monitoring device;

FIG. 5 1s a diagrammatic representation of example
embodiments of monitoring devices for a multiple-input and
multiple-output (MIMO) DAD;

FIG. 6 1s a diagrammatic representation of another
example embodiment of a DAS and monitoring system
comprising RF path diagnostic devices or switches and
turther signal monitoring devices which may be either fixed
or roaming; and

FIG. 7 1s a block diagram of an example embodiment of
an RF path diagnostic device or switch.

DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

An example embodiment of a distributed antenna system
(DAS) 1s generally designated by the reference numeral 10
in FIG. 1. The DAS comprises at least a central transmitter
12 which 1s connected by a signal transmission network 14
to a plurality of distributed antenna devices (DAD) 16.1 to
16.n to transmit a main signal propagating 1n a downward
direction from the central transmitter 12. The network
comprises physical branches, such as branches 14.1 and
14.2. Each of the DAD’s 16.1 to 16.n 1s connected to a
respective sub-branch part or last mile 14.11, 14.12, 14.21
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and 14.22 of branches 14.1 and 14.2. The network 14 may
be passive and comprise cables with splitters or may be
active as defined 1n the introduction of this specification.
Hence, the network may comprise one or more of frequency
converting devices, radio-to-optic and reverse devices,

point-to-point wireless components and bidirectional ampli-
fiers.

An example embodiment of a DAD 16.1 1s shown 1n FIG.
2. Each DAD comprises at least one antenna 18. The antenna
1s associated with a frequency band having a centre fre-
quency 1. and an associated wavelength A _. The DAD may
optionally comprise a radome 20.

An example embodiment of a monitoring system 1s gen-
erally designated by the reference numeral 22 in FIG. 1. The
monitoring system comprises a central monitoring unit
CMU 24 which 1s coupled to the network 14. At least one
monitoring device 28.1 to 28.n 1s associated with at least one
of said distributed antenna devices 16.1 to 16.n and perma-
nently mounted a distance d (see FIG. 2) away from the
antenna of the associated distributed antenna device. The
distance d 1s less than 2A , preferably less than A_, more
preferably less than A _/2 and even less than A _/4. Referring
to FIG. 3, the monitoring device comprises a local controller
30, a transcetver 32 and an antenna 34. The local controller
being configured, upon being polled by the CMU 24 with a
monitoring signal in a downward direction and along a
downward path wvia the network 14 and the distributed
antenna device 16.1, to cause the transceiver 32 to respond
to the monitoring signal by transmitting a response signal in
an upward direction and along an upward path to the CMU
24 via the distributed antenna device 16.1 and the network
14. In some embodiments, especially 1n active networks, the
upward and downward paths may not be the same and may
hence be asymmetrical.

The CMU 24 may comprise a transceiver which may be
connected to the network 14 by coupler 26 1n a region of the
network 14 towards the central transmitter 12 and before or
upstream of a first branch 14.1, 14.2.

Referring to FIG. 3 and as stated above, the monitoring,
device 28.1 comprises the local controller 30 which 1s
connected to the transceiver 32 and which 1s connected to
poles 34.1 and 34.2 of a broadband dipole antenna 34. Each
monitoring device may be associated with a unique address
which 1s stored 1n a memory arrangement of the controller.
The address may be used by the CMU 24 to poll or
interrogate individual momtoring devices. The address may
also be used to i1dentily responses received by the CMU 24
from monitoring devices by virtue of the monitoring device
appending 1ts unique address to a response signal sent back
to the CMU 24.

The CMU 24 may use any suitable communication stan-
dard to communicate with or poll via the network 14 any one
or more of the monitoring devices 28.1 to 28.n. As an
example, the ZigBee communication protocol and devices
operating 1n the 2.4 GHz licensed frequency bands may be
used to eflect communication and addressing between the
CMU 24 and other devices of the monitoring system and the
same signals may additionally be used to monitor RF path
and DAD operation. The ZigBee units may additionally be
equipped with the ability to generate test signals at other
frequencies used in the DAS system, if required. Other
protocols operating at other frequencies may serve a similar
purpose, such as Bluetooth, Wifi and/or similar communi-
cation protocols.

As shown 1n the example embodiment 1 FIG. 4, the
monitoring device 28.1 may comprise an idicator arrange-
ment 36, for example 1n the form of one or more LED’s
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which may be used to indicate a status of the DAD 16.1, as
explained below. Each monitoring device may comprise
means (not shown) for measuring the strength of a recerved
monitoring signal. Furthermore, the momitoring device may
comprise a power supply comprising a battery 40, alterna-
tively a battery plus an energy harvesting circuit, which may
for example comprise diode 42 and capacitor 44. In some
embodiments, the monitoring device 28.1 may be encapsu-
lated 1n any suitable encapsulation 38, for example a tlexible
sleeve or envelope, which may be adhered to a surface of the
radome 20. This may be particularly advantageous when
retrofitting monitoring devices on existing DAD’s compris-
ing radomes.

The CMU 24 may comprise or be connected to a database
(not shown) for storing said umque addresses, monitored
status of each DAD as well as data relating to the position
of the associated DAD. Hence, the monitoring devices may
comprise complementary circuitry to respond via the net-
work 14 to the CMU 24. The CMU 24 may also comprise
means for measuring the strength of a response signal
received from any of the monitoring devices and processing
means for processing such measurements.

In order not to interfere with the DAS, the CMU 24 1s
coupled to the main branch of the network 14 via coupler 26
to transmit via the network weak monitoring signals (at say
—10 dB of the main signal, preferably =30 dB) and/or out of
band monitoring signals which are received and processed
by the monitoring devices 28.1 to 28.2 as will be described
below.

In FIG. 5, there 1s shown an example embodiment of a
multiple-input and multiple-output (MIMO) DAD 116 com-
prising a first antenna 118.1 and a second antenna 118.2
which are orthogonally polarized. Associated monitoring
devices 128.1 and 128.2 with corresponding antenna orien-
tations are provided 1n close proximity d (as defined above)
from the first and second antennas, to ensure that both can
be monitored independently. If the number of monitoring
devices 1s equal to the number of MIMO elements 1 a
MIMO DAD and close enough to the respective associated
clements, the monitoring system may be used to monitor
status of specific MIMO antennas within a DAD.

The CMU 24 may be pre-programmed to poll each
monitoring device 28.1 to 28.n on an intermittent, alterna-
tively periodic basis. This 1s done by sending the monitoring
signal with each monitoring device’s address successively

and waitting for the response signal from the monitoring
devices. Upon receiving the response signal from a moni-
toring device, the strength of that response signal 1s mea-
sured, compared to a reference and/or previous values and
stored and/or communicated to an external control centre. If
no response 1s received from a monitoring device, after a
predetermined number of polls, the monitoring device and/
or DAD 1s tagged as defective. If a signal strength measure-
ment on a response signal indicates degradation in or to the
transmission path below a predetermined limit, then that
monitoring device 1s 1nstructed from the CMU 24 to update
locally its status to “low level” and the indicator means 36
1s caused to indicate that status. Further for example, failure
of both devices 28.1 and 28.2 could be interpreted by the
CMU 24 as likely failure of branch 14.1, rather than failure
of DAD 16.1 and 16.2.

The monitoring device may be programmed to activate
the local 1indicator 36 or may be configured in response to a
command signal from the CMU 24 to display status, depend-
ing on where the measurement 1s done, at the monitoring
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device or at the CMU 24. Status indications may include:
tailure, power reduction below predetermined limit, work-
ing status, low battery eftc.

Hence, the monitoring devices may use the polling or
monitoring signal received via its associated DAD to mea-
sure the signal quality and report back by means of the
response signal such signal quality to the CMU 24. Alter-
natively, the strength of the response signal as measured at
the CMU 24 may be used to determine the path quality
between the DAD and the CMU 24. Whether sensing 1s done
at the CMU 24 or at the respective monitoring devices, the
monitoring system 22 may be configured to sense both a)
failure vs operational and b) relative signal level.

As explained in more detail below, additional components
which operate on the same protocol as the CMU 24 and the
monitoring devices 28.1 to 28.n may be inserted into the
network 14, to adjust network configurations or parameters.
Such components could be inserted in-line to switch off
certamn DAD’s or branch lines leading to DAD’s or to
attenuate/increase signal levels to DAD’s or sections of
DAD’s.

Tones may be inserted at different frequencies used by the
DAS 10 by etther monitoring devices 28.1 to 28.n or CMU
24, to enable in-band or band related and/or more accurate
measurements on the system 10.

Monitoring devices 28.1 to 28.n could use wireless mesh
or other communication to adjacent or closely located other
monitoring devices to establish an alternative response or up
path back to the CMU 24, 1n the event of failure of a line or
branch to which they are connected.

FIG. 6 1s a figure similar to FIG. 1, but with RF path
diagnostic devices or switches 50.1 to 50.n included 1n at
least some of the branches of the network. The switches may
be used selectively to switch a major part of signal power
(for example reducing the through signal by 30 dB and
diverting the major part to a suitable dummy load) as will be
described below. Additionally, some further distributed sig-
nal monitoring units 60.1 to 60.n are included. These may be
stationary or mobile.

FI1G. 7 1llustrates an example embodiment of switch 50.1.
The switch may have a first port 32 for a path part extending
to CMU 24 and a second port 34 for a path part extending
to at least one DAD, such as DAD’s 16.1 and 16.2. The
switch 1s connected to a controller 56 and to a dummy load
58. The controller 56 1s in communication with the moni-
toring system 22 using the above communication protocol.
Path 57 carries a control signal and optionally some suitable
reduced power tap ofl from the main line signal, to allow
communication to the monitoring system. Controller 56 is
configured upon command from the monitoring system or
automatically under program control, to either allow the
DAS signal to tlow between ports 52 and 54 or a major part
thereot to tlow to dummy load 58, with say only —=30 dB of
the original signal to pass from the first to the second port.
The small signal still passed allows communication to
happen between monitoring units 28.1 to 28.n and CMU unit
24 while effectively 1solating specific DAD’s or groups of
DAD’s, to identily problems such as passive intermodula-
tion (PIM) or perform propagation tests from specific
DAD’s or groups of DAD’s, while others are eflectively
non-operational.

Hence, the system may comprise path diagnostic devices
or switches 50.1 to 50.n comprising respective controllers 56
operating on the same frequency and protocol as the moni-
toring devices and CMU 24. The controller 56 1s operative
(under program control or on command from the CMU 24)
to cause the switch to switch between a first state wherein
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the switch allows the RF signal to continue unhindered and
a second state wherein the switch causes part of the RF
signal to be diverted to the dummy load 58, so that most
power goes to the dummy load with less than —10 dB, but
preferably —30 dB continuing along the branch to which 1t
1s connected. This switch can be addressed by either the
CMU 24 or any monitoring device or any other transmission
diagnostic device, since all operate on the same frequency
and uses the same communication protocol. Hence, such
switches may be used to selectively 1solate parts of the DAS
system or specific DADs for diagnostic purposes or to test
the monitoring device operation.

Furthermore, the system may be configured to measure
signal 1n both directions of the DAS path to a specific DAD.

The signals along the “down path” (that 1s towards the
DAD’s) and the “up path” (that 1s towards the CMU) may

not be symmetrical due to active components. Utilizing the
signal sensing and transmitting capabilities of the monitor-
ing devices and the CMU 24, the measurements could be
done for “up” and “down” paths. Such measurements allow
faults with specific units (up or down amplifiers for
example) to be pmpointed by comparison of the signal
measurements along both paths and associated with specific
DAD’s or group of DAD’s.

Still furthermore, the monitoring system 22 may 1n addi-
tion to the monitoring devices 28.1 to 28.n and the path
diagnostic devices 50.1 to 50.n comprise further distributed
signal monitoring devices 60.1 to 60.n (shown in FIG. 6) and
which may be similar to that of the prior art. However, the
distributed signal monitoring devices 60.1 to 60.n may
operate on the same communication protocol and frequency
band as the monitor system 22. The signal monitoring
devices 60.1 to 60.n may have the same functionality as the
monitoring devices 28.1 to 28.n, but may have different form
factors and/or antenna configurations and/or energy harvest-
ing circuitry (such as photovoltaic convertors). These
devices 60.1 to 60.n may be scattered or distributed through
the DAS coverage area in permanent locations or alterna-
tively temporarily located throughout the area to validate
correct DAS system coverage after installation, or, may be
moved around through the DAS coverage area after final
installation to monitor signal and use DAD location either
correlated 1 real time or by correlating mobile position
which may be time related by mobile unit during walk-
through or other mobile test of coverage. During such
measurements, communication (polling) signals and unique
identifiers associated with DAD’s and further monitoring
devices will be used 1n either up or down or both directional
measurements to determine coverage.

Communication may happen between the CMU 24 via
DAD’s to signal monitoring devices 60.1 to 60.n directly or
may also be relayed via monitoring devices 28.1 to 28.n.
Monitoring may be performed using information from signal
monitoring device 60.1 to 60.n operation in conjunction with
information from monitoring device 28.1 to 28.n operation
and optionally selective 1solation using path diagnostic
devices or switches 50.1 to 50.n, to get detailed information
ol coverage.

The mvention claimed 1is:

1. A monitoring system [for a distributed antenna system]
comprising at least a central transmitter and a plurality of
distributed antenna devices connected to the transmitter via
a respective physical branch of a signal transmission net-
work comprising a plurality of branches, each of the dis-
tributed antenna devices comprising at least one antenna
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[which is associated with a frequency band having a centre
frequency fc and a corresponding wavelength Ac], the moni-
toring system comprising:
a central monitoring unit [which is] configured to be
coupled to the network;
at least one path diagnostic switching device configured
to be connected in a branch of the network and further
configured to be switched between a first state wherein
it passes along branch input power received by the at
least one path diagnostic switching device and a sec-
ond state wherein it attenuates ov diverts away from the
branch at least some of the input power received by the
at least one path diagnostic switching device;
at least one monitoring device associated with at least one
of said distributed antenna devices[and permanently
mounted a distance d away from the at least one
antenna of the distributed antenna device, the distance

d being less than 2 times Ac (2Ac)]:

the at least one monitoring device comprising a local

controller, a transceiver and an antenna; and

the local controller being configured to, upon being polled

by the central monitoring unit with a monitoring signal
via the associated distributed antenna device and the
respective branch of the network, [to] process the
monitoring signal to measure the quality of the moni-
toring signal and to cause the transceiver to respond to
the monitoring signal by transmitting a response signal
comprising an indication of the measured quality to the
central monitoring unit via the associated distributed
antenna device and the network.

2. The monitoring system as claimed 1n claim 1 wherein
the at least one monitoring device is mounted a distance d
away from the at least one antenna, the at least one antenna
associated with a frequency band having a centrve frequency
fc and a corresponding wavelength hc, and wherein d 1s less
than (Ac/2).

3. The monitoring system as claimed 1n claim 1 wherein
the at least one monitoring device comprises a local power
supply comprising at least one of a battery and an energy
harvesting circuit [for collecting] configured to collect
energy from the distributed antenna device through the
antenna ol the monitoring device.

4. The monitoring system as claimed 1n claim 1 wherein
the at least one monitoring device 1s associated with a
respective umque address which 1s stored in a memory
[arrangement] of the monitoring device.

5. The monitoring system as claimed 1n claim 4 wherein
the central monitoring unit comprises [means for measuring
the] a processor configured to process a measured strength
ol the response signal received from the at least one moni-
toring device and be connected to a database for storing data
relating to the unique addresses of the at least one monitor-
ing device and at least one of data relating to [the] a
monitored status of the associated distributed antenna
device and data relating to a position of the associated
distributed antenna device.

6. The monitoring system as claimed 1n claim 1 wherein
the at least one monitoring device comprises an indicator
[arrangement for providing a human perceivable] configured
to provide an indication relating to a monitored status of at
least one of the associated distributed antenna device and the
branch connected thereto, based on the measured quality of
the monitoring signal.

7. The monitoring system as claimed 1n claim 1 wherein
the at least one monitoring device 1s mounted in or on the
associated distributed antenna device.
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8. The monitoring system as claimed in claim 7 wherein
the at least one monitoring device 1s encapsulated 1 a
housing which is mountable on [an optional] @ radome of the
associated distributed antenna device.
9. The monitoring system as claimed 1n claim 1 wherein
the central monitoring unit 1s configured to be coupled to the
network by a coupler to 1inject the momitoring signal into the
network.
10. The monitoring system as claimed 1n claim 1 wherein
the monitoring signal and the response signal are at least one
of a) at least 10 dB weaker than a main signal transmitted by
the central transmitter and b) out of band relative to the main
signal.
[11. The monitoring system as claimed in claim 1 com-
prising at least one path diagnostic switching device which
1s connected 1n a branch of the network and configured to be
switched between a first state wherein 1t passes along the
branch 1put power received by the switch device and a
second state wherein it attenuates or diverts away from the
branch at least some of the mput power received by the
switch device.]
12. A distributed antenna system comprising a monitoring
system as claimed 1n claim 1.
13. [A] The monitoring system as claimed in claim 1
wherein the quality of the monitoring signal 1s measured by
measuring [the] strength of the monitoring signal and
wherein the indication of the measured quality comprises
data relating to the measured strength.
14. A method of monmitoring performance of a distributed
antenna system comprising at least a central transmuitter, at
least one path diagnostic switching device, and a plurality of
distributed antenna devices connected to the transmitter via
a respective physical branch of a signal transmission net-
work comprising a plurality of branches, each of the dis-
tributed antenna devices comprising at least one antenna
[which is associated with a frequency band having a centre
frequency fc and a corresponding wavelength Ac], the
method comprising:
[for at least some of the distributed antenna devices,
providing a respective associated monitoring device at
a distance d<2Ac from the at least one antenna;]

switching the at least one path diagnostic connected in a
branch of the network between a first state wherein it
passes along branch input power received by the at
least one path diagnostic switching device and a sec-
ond state whevein it attenuates or diverts away from the
branch at least some of the input power received by the
at least one path diagnostic switching device;

transmitting from a central monitoring unit to at least one
targeted monitoring device a monitoring signal via
[the] an associated distributed antenna device and the
respective branch of the network; and

[at] by the at least one targeted monitoring device, pro-

cessing the monitoring signal to measure the quality of
the monitoring signalfand], generating a response sig-
nal comprising an indication of the measured quality
and transmitting the response signal to the central
monitoring umt via the associated distributed antenna
device and the network.

15. The method as claimed in claim 14 wherein the
monitoring signal 1s addressed to the at least one targeted
monitoring device by utilizing a respective unique address
of the at least one targeted monitoring device.

16. The method as claimed in claam 14 wherein the
monitoring signal 1s processed by measuring the strength of
the monitoring signal at the at least one targeted monitoring
device.
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17. The method as claimed 1n claam 16 wherein data
relating to the measured strength 1s sent from the at least one
targeted monitoring device via the associated distributed
antenna device and the network to the central monitoring
unit and wherein the data is identified by [the] a respective
unique address of the at least one targeted monitoring
device.

18. The method as claimed 1n claim 17 wherein the
strength of the response signal 1s measured at the central
monitoring unit and wherein one or more results of the
measurement|[s] are utilized to monitor [the] status of asym-
metrical up and down paths between the central monitoring,
unit and the at least one targeted monitoring unit.

19. The method as claimed in claim 14[wherein distrib-

uted switches in the network are utilized), further compris-
ing, by the monitoring unit, controlling distributed switches
in the network to selectively [to] attenuate or divert power
propagating to at least some of the distributed antenna
devices, thereby to switch the at least some of the distributed
devices out of the distributed antenna system[, and wherein
the switches are controlled by command signals from at least
the central monitoring unit].

20. The method as claimed in claim 19 wherein the
monitoring signal, the response signal and the command
signals are at a signal level to ensure communication and
sensing between central monitoring unit, the monitoring
devices and the [switches devices] distributed switches, but
below [the] a level of a main signal transmitted by the
central transmitter.

21. A monitoring system for a distributed antenna system,
the monitoring system comprising:

a central monitor configured to be coupled via a network

to a plurality of antennas; and

a plurality of remote monitors associated with the plu-
rality of antennas, the plurality of vemote monitors
COmprising.

a first remote monitor of the plurality of vemote monitors
configured to, upon being polled by the central monitor
with a first monitoring signal transmitted via the net-
work and a first antenna associated with remote moni-
tov, transmit a first response signal to the central
monitor via the first antenna associated with the first
remote monitor and the network: and

a second vemote monitor of the plurality of remote moni-
tors configured to, upon being polled by the central
monitor with a second monitoring signal transmitted
via the network and a second antenna associated with
the second remote monitor, transmit a second vesponse
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signal to the central monitor via the second antenna
associated with the second remote monitor and the
network:

wherein the first remote monitor and the second remote

monitor arve associated with the first and second anten-
nas sharing a branch of the network connecting the first
and second antennas to the central monitor;

wherein the central monitor is further configured to:

in response to a determination that no first response
signal has been received from the first remote moni-
tor, label at least one of the first remote monitor or
the first antenna associated with the first vemote
monitor as defective; and

in response to a determination that a signal strength of
the first response signal received from the first
remote monitor does not satisfyv a first signal strength
threshold and that a signal strength of the second
response signal received from the second remote
monitor does not satisfy a second signal strength
threshold, determine that the branch has failed.

22. The monitoring system as claimed in claim 21 wherein
the first response signal comprises a first unique identifier of
the first vemote monitor and the second rvesponse signal
comprises a second unigue identifier of the second remote
monitor, and wherein the central monitor is configured to
identify the first response signal using the first unique
identifier and the second vesponse signal using the second
unique identifier.

23. The monitoring system as claimed in claim 21 wherein
at least one of the first or second monitoring signal is at least
one of: out of band relative to a main signal transmitted by
a central transmitter of the distributed antenna system or at
least 10 dB weaker than the main signal.

24. The monitoring system as claimed in claim 21 wherein
the central monitor is further configured to, responsive to
receiving the first response signal from the first remote
monitor and a determination that a signal strength of the

fivst vesponse signal veceived from the first remote monitor

does not satisfy a signal strength threshold, transmit an
instruction to the first remote monitor to change status of the

40 fivst remote monitor and provide indication of the change.

45

25. The monitoring system as claimed in claim 21 wherein
the central monitor is further configured to:
in response to a determination that no second response
signal has been received from the second remote moni-
tor, label at least one of the second remote monitor or
the second antenna associated with the second remote
monitor as defective.
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