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(57) Abstract: The present invention provides a distributed antenna communications system and methods of implementing a dis-
tributed antenna communications system. In accordance with an embodiment of the invention, a distributed antenna system com-

&= prises: a base station configured for communication with a telecommunications network; a multi-port repeater hub connected to the
& base station to receive a communications signal from the base station and to distribute the communications signal to a plurality of
N ports of the multi-port repeater hub, the multi-port repeater hub comprising a scanner for scanning a plurality of frequency channels
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coupled to one of the ports of the multi-port repeater hub
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to identify one or more channels of the communications signal received from the base station; and a plurality of antenna units, each
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DISTRIBUTED ANTENNA COMMUNICATIONS SYSTEM AND METHODS OF
IMPLEMENTING THEREQF

Field of the Invention
[0001] The present invention relates to the field of wireless communications and, more

particularly, to a distributed antenna system for wireless communications.

Background of the Invention
[0002] A conventional distributed antenna system (DAS) provides indoor coverage for

wireless communications. Transmitted power is divided among several antennas in
distributed indoor locations so as to provide a large coverage area using less transmitted
power than would be required by a single antenna system. The antennas of a typical
DAS are connected to a cellular base station and are used for cellular mobile
communications.

(0003] A DAS can be implemented using passive or active components. A passive
DAS 1s implemented using passive splitters and, to minimize signal degradation between
the base station and antennas, large diameter coaxial cables are typically employed.
Installation of a conventional passive DAS requires a planning phase that includes site
surveys and system set-up by trained experts in order to ensure that the coverage area and
signal strength 1s suitable throughout the system. Accordingly, passive DAS systems
tend to be expensive to implement.

[0004]  An active DAS employs active amplifiers and, in some cases, frequency
converters that reduce a radio frequency (RF) signal from the base station to an
intermediate frequency (IF) for communication to antenna units. At the antenna units,
the IF signals are up-converted to RF again. Such active DAS implementations require
only thin coaxial cable, though the performance tends to be improved over that of passive
DAS implementations. So that the active DAS is able to accommodate various
communication channels and frequencies used by mobile equipment and base stations,
the active components need to process a wide range of frequency bands. Due to the
requirement for active components that process a wide range of frequency bands, active

DAS systems also tend to be expensive to implement.
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[00035] Therefore, what is needed is an improved distributed antenna system. It 1s

toward this end that the present invention is directed.

Summary of the Invention

[0006] The present disclosure provides a distributed antenna communications system
and methods of implementing a distributed antenna communications system. In
accordance with an embodiment of the disclosure, a distributed antenna system
comprises: a base station configured for communication with a telecommunications
network; a multi-port repeater hub connected to the base station to receive a
communications signal from the base station and to distribute the communications signal
to a plurality of ports of the multi-port repeater hub, the multi-port repeater hub

comprising a scanner for scanning a plurality of frequency channels to 1dentify one or

more channels of the communications signal received from the base station; and a
plurality of antenna units, each coupled to one of the ports of the multi-port repeater hub.
[0006a] In one aspect of the present invention, there is provided a distributed antenna
system comprising: a base station configured for communication with a
telecommunications network; a multi-port repeater hub connected to the base station to
receive a communications signal from the base station and to distribute the
communications signal to a plurality of ports of the multi-port repeater hub, the multi-
port repeater hub comprising a scanner for scanning a plurality of frequency channels to
identify one or more channels of the communications signal received from the base
station; and a plurality of antenna units, each coupled to one of the ports of the multi-port
repeater hub; wherein each of the plurality of antenna units is located remotely from the
multi-port repeater hub; and wherein the multi-port repeater hub is configured to send a
message to the plurality of antenna units for use in automatically configuring the

operation of the antenna units based on the one or more channels identified by the

scanner.
[0006b] In another aspect of the present invention, there is provided a multi-port
repeater hub for a distributed antenna system comprising: a base station interface port
configured to communicate with a base station; a scanner for scanning a plurality of

frequency channels to identify one or more channels of a communications signal received
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from the base station; and a plurality of distribution ports to which the communications

signal received from the base station interface port is distributed, each distribution port
being configured to communicate with a corresponding one of a plurality of antenna
units; wherein each of the plurality of antenna units is located remotely from the multi-
port repeater hub; and wherein the multi-port repeater hub is configured to send a
message to the plurality of antenna units for use in automatically configuring the
operation of the antenna units based on the one or more channels identified by the
scanner.

[0006c] In another aspect of the present invention, there is provided a method for
implementing a distributed antenna system comprising steps of: connecting a multi-port
repeater hub to a base station; scanning a plurality of frequency channels to identity one
or more channels of a communications signal received from the base station, the scanning
performed automatically by the multi-port repeater hub; connecting each of a plurality of
antenna units to a corresponding one of a plurality of distribution ports of the multi-port
repeater hub, wherein each of the plurality of antenna units is located remotely from the
multi-port repeater hub; and sending a message to the plurality of antenna units for use 1n

automatically configuring the operation of the antenna units based on the one or more

channels identified by the scanning.

Brief Description of the Drawings

[0007] The present invention is described with respect to particular exemplary

embodiments thereof and reference is accordingly made to the drawings in which:

[0008] Figure 1 illustrates a distributed antenna communications system in

accordance with an embodiment of the present invention;

[0009] Figure 2 illustrates a multi-port repeater hub in accordance with an

embodiment of the present invention;

(0010] Figure 3 illustrates a method of selecting and setting frequency bandwidth in a
distributed antenna system in accordance with an embodiment of the present invention;

[0011] Figure 4 illustrates an antenna unit in accordance with an embodiment of the

present invention; and

2a
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[0012] Figure 5 illustrates a distributed antenna communications system in

accordance with an alternative embodiment of the present invention.
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Detailed Description of the Invention
[0013] Figure 1 illustrates a distributed antenna communications system 100 1n

accordance with an embodiment of the present invention. As shown in Figure 1, a pico
base transceiver subsystem (which may also be referred to as a BTS or base station) 102
1s communicatively coupled to a communications network 104 via a backhaul link 106.
Within the communications network 104, the backhaul 106 is coupled to a base station
controller (BSC) 108, which 1s, 1n turn, coupled to a mobile switching center (MSC) 110.
The MSC 110 is coupled to a public switched telephone network (PSTN) 112 (e.g. for
voice communications) and may also be coupled the Internet 114 (e.g. for data
communications).

[0014] The BSC 108 may perform varnous conventional functions including radio
channel allocation, call handovers among base stations, configuring the base station 102,
handling alarms and performing network management functions. The MSC 110 may
perform various conventional functions including circuit switching, and providing
applications and call features to mobile subscribers, such as call ringing and roaming. In
an embodiment, certain of the features conventionally performed by the BSC 108 and
MSC 110 may instead be performed by the base station 102. For example, the base
station 102 may include a local server which i1s configured with a Linux operating system
to perform these functions.

[0015] The base station 102 1s also communicatively coupled to multi-port repeater
hub 116 by, for example, a wireless link. The base station 102 may be located at the site
of a cellular service provider. The hub 116 is communicatively coupled to a plurality of
antenna units 118. Together, the antenna units form one or more coverage areas.
Typically, the hub 116 and antenna units 118 are located indoors. For example, the hub
116 may be located 1n a utility closet of commercial building, while the antenna units 118
may be distributed throughout the building so as to form one or more coverage areas that
substantially include the occupied areas within the building. The antenna units 118 are
coupled to the hub 116 by links 122. In an embodiment, the links 122 comprise cabling
and connectors that are commonly used for computer networking within commercial

buildings, such as CAT 5 cable and RJ-45 connectors or coaxial cables (e.g., “thin”
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coax). As such, the hub 116 and antenna units 118 may be installed in a building using
cabling that is pre-existing in the building.

[0016] Mobile communications equipment 120 (e.g., a cell phone) within a coverage
area is communicatively coupled to the communications network 104 via one or more of
the antenna units 118, the hub 116, the base station 102 and the backhaul 106.

[0017] The base station 102 may be a pico base station. The pico base station outputs
low power (1.e. less than one watt), comprises a single transceiver unit and uses an
Internet protocol (IP) backhaul connection in which voice signals are converted to IP
packets for the communication via the backhaul 106. Alternatively, the pico base station
may use a T1 or E1 connection for the backhaul 106.

[0018] Communications via the pico base station 102 may be within a single channel
of a particular communications band. For example, CDMA communications in the 1900
MHz frequency band (1.e. 1850-1910 MHz uplink and 1930-1990 MHz downlink), use
1.25 MHz channels for each of the uplink and downlink. Accordingly, the pico base
station 102 may operate within a single of one of these 1.25 MHz channels for each of the
uplink and downlink. As another example, the base station 102 may operate in a single
200 kHz GSM channel within the 850 MHz frequency band (i.e. 824-849 MHz uplink
and 869-894 MHz downlink).

[0019] Alternatively, the base station 102 may be macro base station or a micro base
station. The macro base station comprises multiple transceiver units, outputs high power
(1.e. 10 watts or more) and i1s communicatively coupled to the communications network
104 via the backhaul 106 which includes one or more T1 connections (in the United
States) or E1 connections (in Europe). Similarly to the macro base station, the micro
base station comprises multiple transceiver units and is communicatively coupled to a
telephone network via a backhaul connection. However, compared to the output power
of a macro base station, a micro base station outputs relatively low power (i.e. 1-2 watts)
to the antennas. |

[0020] Multiple base stations 102 may be coupled to the multi-port repeater hub 116.
For example, two or more pico base stations, each operating in a respective uplink and

downlink channel, may be communicatively coupled to the hub 116. The multiple base
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stations 102 may also be communicatively coupled to the base station controller 108 or to

one or more different base station controllers.

[0021] Figure 2 illustrates the multi-port repeater hub 116 of Figure 1 1n accordance
with an embodiment of the present invention. The hub 116 includes a base station port
124 which is configured to be communicatively coupled to the base station 102 (Figure 1)
or to multiple base stations 102, e.g., via one or more wireless links. Within the hub 116,
the base station port 124 1s communicatively coupled to a signal regenerator 126. The
signal regenerator 126 receives downlink communications signals from the base station
port 124 and distributes the signals to distribution ports 128. The signal regenerator 126
may also perform signal processing functions, such as filtenng and amplifying. From the
distribution ports 128, the signals are provided to the antenna units 118 (Figure 1).
Uplink signals from the antenna units 118 are received at the distribution ports 128. The
signal regenerator 126 receives the uplink communication signals from the distribution
ports 128 and provides them to the base station port 124. The uplink signals are received
by the base station 102 from the base station port 124. If the hub 116 receives multiple
signals from different base stations, these signals may be combined. For example, a
combiner may be coupled to the port 124 to combine the signals prior to their being
passed to other components of the hub 116.

[0022] In an embodiment, the signal regenerator 126 performs frequency conversion
by converting radio frequency (RF) signals received from the base station port 124 to
intermediate frequency (IF) signals which are provided to the distribution ports 128. In
this case, the signal regenerator 126 also converts IF signals received from the
distribution ports 128 to RF signals which are provided to the base station port 124.
[0023] In an alternative embodiment, the signal regenerator 126 converts RF signals
received from the base station port to baseband signals which are then provided to the
distribution ports 128. For example, the RF signals may be separated into in-phase (1)
and quadrature (Q) signal components that are then digitally sampled and multiplexed for
transmission at baseband to the distribution ports 128. The signal regenerator 126 may
also convert baseband signals (e.g., I and Q digital signal components) received from the

distribution ports 128 to RF for provision to the base station port 124. Rather than
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multiplexing the [ and Q signals, they may be communicated separately (e.g., using
separate conductors within a CAT-5 cable).

[0024] As shown in Figure 2, the multi-port hub 116 may include a channel scanner
130 for performing channel scanning functions and a controller 132 for controlling
operation of the hub 116. The scanner 130 intercepts the signal(s) received from the base
station 102 at the base station port 124 in order to identify one or more active channels in
which the base station 102 operates, or in the case of multiple base stations, the channels
in which each of base stations operates. The scanner 130 may report its measurement
results to the hub controller 132 which then configures the signal regenerator 126 to
operate on the one or more identified channels. This may include setting a center
frequency and bandwidth of filters, amplifiers and other signal processing elements of the
signal regenerator 126 for the identified channels.

[0025] In an embodiment, the channel identification and configuration functions are
performed by the hub 116 automatically (i.e. without user intervention) so as to facilitate
implementation of the distributed antenna system 100. Figure 3 illustrates a method 134
of selecting and setting frequency bandwidth in a distributed antenna system in
accordance with an embodiment of the present invention. The hub 116 (Figure 2)
includes appropriate software and/or hardware to perform the steps of the method 134.
By performing channel detection automatically, an installer does not need to manually
configure the hub 116. This makes installation and implementation of the system 100
easier and tends to avoid the need for a specially-trained expert to install the system 100.
[0026] In a step 136, scanning of the channels is initiated. For example, scanning of
the channels may be initiated in response to the hub 116 being connected to the base
station 102, or upon the hub 116 being powered on. In addition, scanning of the channels
may be 1nitiated upon detection of a loss of the signal from the base station 102 or at
periodic intervals.

[0027] In astep 138, the channels are scanned. This may be accomplished by the
scanner 130 scanning across a frequency range (e.g., the 1900 MHz band) in increments
that are no greater than a channel bandwidth (e.g., 200 kHz) and measuring received
signal strength (1.e. RSSI) at each measurement frequency. A particular channel in which

the base station 102 transmuits a signal to the hub 116 can be identified since it can be
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expected to have a higher measured received signal strength as compared to other
channels. More particularly, the frequency range of interest may be divided into a
number m of intervals that are no greater than the channel bandwidth. Then, a vanable n
may be 1nitialized to a value of 0, indicating the first interval. While the value of the
vanable n 1s equal to 0, the received signal strength may be measured and recorded.
Then, the vanable n may be incremented by one so that it is equal to 1. While the value
of the vanable n 1s equal to 1, the received signal strength may be measured and
recorded. This process may then be repeated for each interval until the value of n is equal
to m, which indicates that the entire frequency range of interest has been scanned.

[0028] In this manner, one or more active downlink channels are identified. In step
140, once the one or more downlink channels are identified through scanning, the signal
regenerator 126 1s configured to operate on these downlink channels and to operate on a
corresponding uplink channel for each downlink channel. This may be accomplished by
the hub controller 132 setting one or more appropriate parameters of the signal
regenerator 126 which are used to tune frequency conversion and amplification circuits of
the signal regenerator 126. Alternatively, rather thén identifying all of the active
channels before the signal regenerator 126 is configured, the signal regenerator 126 may
be configured to operate on a particular channel as soon as the channel is identified and
while scanning of remaining channels continues.

[0029]  While multiple uphink and downlink channels may be identified, in an
embodiment, the base station 102 transmits in only one uplink and one downlink channel.
In this case, the single uplink and single downlink channels are identified and the
regenerator 126 1s appropriately configured.

[0030] In addition to setting the center frequency of an identified channel, configuring
the signal regenerator 126 may also include setting the channel bandwidth. In an
embodiment the channel bandwidth is fixed. For example, the bandwidth may be fixed at
5 MHz, which is sufficiently wide to accommodate the channel width for common
cellular communications protocols, such as GSM (which requires a 200 kHz channel
bandwidth), CDMA (which requires a 1.25 MHz channel bandwidth) and UMTS (which
requires a 5 MHz channel bandwidth). Alternatively, the DAS system 100 may set the
bandwidth based on the detected bandwidth and/or protocol of the signal. In this case,
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the scanner 130 and/or hub controller 132 may also test the recetved signal to i1dentity the
bandwidth of its channel(s) which may be different depending upon the protocol with
which it operates. If the scanner 130 detects a GSM signal, it sets the bandwidth to 200
kHz; if it detects a CDMA signal, it sets the bandwidth to 1.25 MHz; 1if 1t detects a UMTS
signal, it sets the bandwidth to 1.25 MHz, and so on. If the hub 116 receives multiple
adjacent or closely-spaced channels, the bandwidth of the signal regenerator 126 may be
adjusted to encompass the multiple channels. For example, 1f three CDMA channels of
1.25 MHz bandwidth are adjacent, the bandwidth should be set to at least 3.75 MHz so
that all three channels are encompassed.

[0031] In an embodiment, the protocol 1s identified by determining the approximate
channel width. In this case, the channel scanning 1s performed at intervals that are
sufficiently small that the narrowest channel width of interest can be detected. F or
example, assume that 200 kHz, which is the channel width for GSM, 1s the narrowest
channel width of interest. By taking received signal strength measurements at intervals
of approximately 200 kHz or less, a GSM signal will result in several low value
measurements, indicating 1inactive channels, and for an active channel, a single signal
strength measurement with a higher value will be immediately preceded by a medium
value signal strength measurement and immediately followed by a medium value signal
strength measurement. These two medium strength adjacent measurements reflect
sidebands. For a CDMA signal, several low value measurements will indicate inactive
channels, and for an active channel, approximately six adjacent signal strength
measurements with a higher value will be detected since the channel bandwidth is 1.25
GHz or approximately six times 200 kHz. Also, for a CDMA signal, the sidebands can
be expected to be detected as two medium value signal strength measurements
immediately preceding the high value measurements and two medium value signal
strength measurements immediately following the high value measurements. For a
UTMS signal, several low value measurements will indicate inactive channels, and for an
active channel, approximately 25 adjacent signal strength measurements with a higher
value will be detected since the channel bandwidth 1s 5.0 GHz or approximately 25 times
200 kHz. Also, for a UTMS signal, the sidebands can be expected to be detected as

several medium value signal strength measurements immediately preceding the high
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value measurements and several medium value signal strength measurements
immediately following the high value measurements. In this scheme, it may be
necessary to specify whether there are multiple active channels. This 1s because adjacent
channels of one protocol having a relatively narrow bandwidth maybe detected as a
single channel of a different protocol having a wider bandwidth. In this case, user input
may be accepted by the hub 116 to specify that there are multiple channels.

[0032] Figure 4 illustrates an antenna unit 118 1n accordance with an embodiment of
the present invention. As shown in Figure 4, the antenna unit 118 includes an interface
port 142 which 1s configured to be communicatively coupled to the hub 116 (Figure 1)
via links 122 (Figure 1). In addition, the antenna unit 118 includes a frequency converter
144, which may convert IF or baseband signals received from the hub 116 via the
interface 142 1into RF signals for transmission via an antenna 146 to mobile
communications equipment 120. Conversely, RF signals received by the antenna 146
from mobile communications equipment 120 may be converted to IF or baseband for
communication to the hub 116.

[0033] The antenna unit 118 may also include a controller 148 for controlling
operation of the antenna unit 118. In an embodiment, the antenna unit controller 148
receives a message from the hub 116 which identifies the uplink and downlink channels
1n which the base station 102 operates. In this case, the frequency converter 144 may be
configured to send signals to the antenna 146 and to receive signals from the antenna 146
using these same channels.

[0034] In an embodiment, the antenna 114 of the antenna unit 118 is integrated with a
housing for the antenna unit 118 such that the antenna 114 and house are one-piece and
no additional step is required to set up the antenna 114 (other than installing the antenna
unit 118). This also makes installation and implementation of the system 100 easier and
tends avoids the need for a specially-trained expert to install the system 100.

[0035] As mentioned, the DAS system 100 may use cabling and connectors that are
commonly used for computer networking within commercial buildings, such as CAT 5
cable and RJ-45 connectors or coaxial cable. These cables typically run from a

telecommunications utility room or closet to offices and other work spaces within a

commercial building. These existing cables may be used as the links 122 may be used to
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communicatively connect the hub 116 to each of the antenna units 118. As such, the hub
116 and antenna units 118 may be installed in a building using cabling that is pre-existing
in the building. This makes 1nstallation and implementation of the system 100 easier and
tends to avoid the need for a specially-trained expert to install the system 100.

[0036] In an embodiment, the installer of the system 100 is provided a visual or
acoustic indication of correct connections between the hub 116 and the antenna units 118.

In this case, each antenna unit 118 may include a connection indicator 150 for providing

an indication of a correct connection between the hub 116 and the antenna umit 118.

Each antenna umt 118 may be plugged into an RJ-45 outlet which is connected to the hub
116 via a cable (e.g., a CAT 5 cable). The antenna units 118 may thus receive power
from the hub 116 via the cable and outlet such that no additional power source is needed
for the antenna units 118. It1s known that power may be delivered using Ethernet cables
in accordance with Power over Ethernet (POE) technology. When this power source is
sensed by the connection 1ndicator 150 (e.g., by sensing current or voltage), a first light
emitting diode (LED) of the connection indicator 150 may be illuminated. The
connection indicator 150 may also sense whether the antenna unit 118 is able to exchange
communication messages with the hub 116 (e.g., the messages may be exchanged
between the hub controller 132 and the antenna unit controller 148). If so, a second LED
of the connection indicator 150 may be 1lluminated. This also makes installation and
implementation of the system 100 easier and tends avoids the need for a specially-trained
expert to install the system 100. Rather than illuminating the first and second LEDs, first
and second acoustic tones may be emitted by the connection indicator 150 to make the
corresponding indications.

[0037] The hub 116 may also include a connection indicator 152 (Figure 2) in each of
the distribution ports 128. When the connection indicator 152 senses power being drawn
by the antenna unit 118, (e.g., by sensing current), a first LED of the connection indicator
152 may be illuminated. The connection indicator 152 may also sense whether the hub
116 1s able to exchange communication messages with the antenna unit 118. If so, a
second LED of the connection indicator 152 may be i1lluminated. Rather than
1lluminating the first and second LEDs, first and second acoustic tones may be emitted by

the connection indicator 152 to make the corresponding indications.
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[0038] In an embodiment, signal power at each antenna unit 118 1s adjusted
automatically so that signal loss between the hub 116 and each antenna units 118 1s
compensated independently of the amount of loss present between the hub 116 and a
particular antenna unit 118. This may be accomplished for the downlink by employing
automatic gain control circuitry in the antenna unit controller 148 and/or frequency
converter 144 in each antenna unit 118 so that the antenna unit 118 outputs a
predetermined power level to its antenna 146 regardless of the signal power received
from the hub 116. For the uplink, the power level for signals sent by each antenna unit
118 to the hub 116 may be adjusted by a similar amount as is the downlink signal. This
assumes that cable loss is similar in both directions between the hub 116 and each
antenna unit 118. However, because the uplink and downlink channels may be at
different IF frequencies, the cable loss may be different for the uplink and the downlink.
Accordingly, the power level for the uplink may also be adjusted to compensate for this
expected difference in the amount of loss. This automatic signal gain control also makes
installation and implementation of the system 100 easier and tends avoids the need for a
specially-trained expert to install the system 100.

[0039] In an embodiment, the hub controller 132 may measure round-trip signal loss
between the hub 116 and each of the antenna units 118 (e.g., by activating a loop switch
in each antenna unit 118). The hub controller 132 may use this information to
automatically set downlink transmit levels in the hub 116. The hub controlier 116 may
also send a message to each antenna unit 118 which causes the antenna unit 118 to set its
uplink transmut power level based on the measured round-trip signal loss. The downlink
and uplink power levels between the hub 116 and each antenna unit 118 may be set
independently of the others since each may experience different losses. This automatic
setting of downlink and uplink power levels also makes installation and implementation
of the system 100 easier and tends avoids the need for a specially-trained expert to install
the system 100.

[0040] In an embodiment, the hub 116 includes a wireless modem 154. In this case,
the modem may send and receive messages via the base station 102 and network 104 to

and from an operating center of a network operator. For example, control messages may

be received by the modem which cause the output power of the hub 116 and antenna
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units 118 to be set by the network operator based on round-trip signal loss measured by
the hub 116 or based on other measured parameters. The network operator may also
receive and respond to alarm messages that identify fault conditions 1n the DAS system
100.

[0041] In an alternative embodiment, the hub 116 may be communicatively coupled to
the network 104 via a network connection, such as Ethemet, rather than by the modem
154 for communicating control and alarm messages between the hub 116 and the
operating center of the network operator. Figure 5 illustrates a distributed antenna
communications system 156 in accordance with an alternative embodiment of the present
invention. The system 156 performs the same functions as the system 100 described
above with the following differences. As shown in Figure 5, the hub 116 is
communicatively coupled to the network 104 via a connector 158 and cable 160. For
example, the cable 160 may be connected to a base station controller (e.g., BSC 108 of
Figure 1). Internal to the hub 116, the connector 158 may be coupled to a network switch
162, such as an Ethernet network packet switch. The switch 160 may be connected to the
controller 132 and to a connector 164. The base station 102 is communicatively coupled
to the hub 116 via the port 124 via a link 166. The link 166 may be a wireless link as in

- Figure 1. The base station 102 may also be communicatively coupled to the hub 116 via
a link 168 and the connector 164. The link 168 is a network link such as an Ethernet link.
(0042] The base station 102 1s communicatively coupled to the network 104 via the
hub 116 (via the cables 160 and 168 and the switch 162) rather than being directly
connected to the network 104 as in Figure 1. Accordingly, the cables 160, 168 and
switch 160 serves as a backhaul for the base station 102 and hub 116. Also,
communications between the controller 132 and the network 104 and between the
controller 132 and the base station 102 are via the switch 162. Multiple base stations 102
may be connected to the hub 116 and, thus, multiple base stations 102 may be
communicatively coupled to the network 104 via the hub 116 and switch 162. For
example, a separate port of the switch 162 may be dedicated to each such base station.
[0043] Figure 5 also shows a server 170 which may be coupled to the switch 162. The
server 170 may comprise a general-purpose computer system and storage and may

include an operating system such as Linux. The server 170 may provide additional
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functionality to the hub 116. For example, certain of the features conventionally
performed by the BSC 108 and MSC 110 of the network 104 may instead be performed
by the hub 116 in conjunction with the server 170.

[0044] The foregoing detailed description of the present invention is provided for the
purposes of illustration and is not intended to be exhaustive or to limit the invention to

the embodiments disclosed. Accordingly, the scope of the present invention is defined by

the appended claims.
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Claims

What 1s claimed 1s:

1. A distributed antenna system comprising:

a base station configured for communication with a telecommunications network;

a multi-port repeater hub connected to the base station to receive a
communications signal from the base station and to distribute the communications signal
to a plurality of ports of the multi-port repeater hub, the multi-port repeater hub
comprising a scanner for scanning a plurality of frequency channels to identify one or
more channels of the communications signal received from the base station; and

a plurality of antenna units, each coupled to one of the ports of the multi-port
repeater hub;

wherein each of the plurality of antenna units is located remotely from the multi-

port repeater hub; and
wherein the multi-port repeater hub is configured to send a message to the
plurality of antenna units for use in automatically configuring the operation of the

antenna units based on the one or more channels identified by the scanner.

2. The distributed antenna system according to claim 1, wherein the base station

comprises a single-channel pico base station.

3. The distributed antenna system according to claim 1, wherein the multi-port
repeater hub comprises a signal regenerator wherein the signal regenerator is configured

to perform signal processing on the one or more identified channels.

4. The distributed antenna system according to claim 3, wherein a center frequency

and bandwidth of the signal regenerator is configured for each of the identified channels.

5. The distributed antenna system according to claim 4, wherein the bandwidth is

tixed tor all of the channels.
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6. The distributed antenna system according to claim 4, wherein the bandwidth 1s

adjusted according to a detected channel width.

7. The distributed antenna system according to claim 1, wherein the multi-port
repeater hub is coupled to one or more additional base stations, each having a
communications signal comprising one or more respective channels, and wherein the
multi-port repeater hub identifies the one or more respective channels of each base

station.

3. The distributed antenna system according to claim 1, wherein the communications
signal 1s received by the multi-port hub at radio frequency and the antenna units receive

the communications signal from the multi-port repeater hub at intermediate frequency.

9. The distributed antenna system according to claim 1, wherein the communications
signal is received by the multi-port hub at radio frequency and the antenna units receive

the communications signal from the multi-port repeater hub at baseband.

10.  The distributed antenna system according to claim 1, wherein the multi-port
repeater hub comprises a wireless modem for communicating control and alarm messages

between the multi-port repeater hub and a network operator.

11.  The distributed antenna system according to claim 1, wherein the multi-port
repeater hub comprises a network switch wherein the base station communicates with the

telecommunications network via the network switch.

12. A multi-port repeater hub for a distributed antenna system comprising:
a base station interface port configured to communicate with a base station;
a scanner for scanning a plurality of frequency channels to identify one or more

channels of a communications signal received from the base station; and
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a plurality of distribution ports to which the communications signal received from
the base station interface port 1s distributed, each distribution port being configured to
communicate with a corresponding one of a plurality of antenna units;

wherein each of the plurality of antenna units 1s located remotely from the multi-
port repeater hub; and

wherein the multi-port repeater hub 1s configured to send a message to the
plurality of antenna units for use in automatically configuring the operation of the

antenna units based on the one or more channels identified by the scanner.

13. A method for implementing a distributed antenna system comprising steps of:

connecting a multi-port repeater hub to a base station;

scanning a plurality of frequency channels to 1dentify one or more channels of a
communications signal received from the base station, said scanning performed
automatically by the multi-port repeater hub;

connecting each of a plurality of antenna units to a corresponding one of a
plurality of distribution ports of the multi-port repeater hub, wherein each of the plurality
of antenna units 1s located remotely from the multi-port repeater hub; and

sending a message to the plurality of antenna units for use in automatically
configuring the operation of the antenna units based on the one or more channels

identified by the scanning.

14.  The method according to claim 13, further comprising providing an indication for
each antenna unit as to whether the distribution port 1s correctly connected to its

corresponding antenna unit.

15. The method according to claim 14, wherein the indication for one or more of the

antenna units 1s provided automatically by the one or more antenna units.
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16.  The method according to claim 13, wherein said connecting each of a plurality of
antenna units to a corresponding one of a plurality of distribution ports of the multi-port

repeater hub is performed using CAT-5 cables having RJ-45 connectors.

17.  The method according to claim 16, wherein each antenna unit 1s configured to

receive power via its respective cable.

18.  The method according to claim 14,
wherein said connecting each of a plurality of antenna units to a corresponding
one of a plurality of distribution ports of the multi-port repeater hub s performed using

CAT-5 cables having RJ-45 connectors,

wherein each antenna unit is configured to recetve power via its respective cable,

and

wherein the indication for each antenna unit indicates whether the antenna unit

recelves power via its respective cable.

19.  The method according to claim 18, wherein the indication further indicates

whether the antenna unit 1s able to exchange messages with the multi-port repeater hub.

20.  The method according to claim 13, further comprising adjusting signal power at

an antenna of each antenna unit automatically.

21.  The method according to claim 20, wherein signal power at each antenna is

adjusted independently of signal power at the other antennas.

22.  The method according to claim 13, wherein the multi-port repeater hub

automatically adjusts downlink transmit power for each antenna unit.

23.  The method according to claim 22, wherein the multi-port repeater hub sends a

message to each antenna unit that causes the antenna unit to set its uplink transmit power.
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24.  The method according to claim 23, wherein downlink and uplink signal power tor

cach antenna unit 1s adjusted independently of signal power at the other antenna units.
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