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Description

CAPACITY OPTIMIZATION SUB-SYSTEM FOR DISTRIBUTED ANTENNA
SYSTEM

Technical Field

[0001] This disclosure relates generally to telecommunications systems and

more particularly relates to optimizing capacity distribution in distributed antenna

systems.

Background

[0002] A telecommunications system, such as a distributed antenna

system, can provide signal coverage to several different coverage zones in which

wireless devices are located. Distributed antenna systems may be configured to

provide a level of capacity in each of the coverage zones that is sufficient to

provide coverage to a maximum number of wireless devices. Configuring a

distributed antenna system to provide a level of capacity sufficient to constantly

provide coverage to a maximum number of wireless devices fails to account for

periods of time in which a reduced level of capacity is sufficient for a reduced

number of wireless devices in a coverage zone. For example, a distributed

antenna system deployed in a stadium may provide capacity sufficient for a much

larger number of wireless devices than is necessary during periods when relatively

few wireless devices are present, such as time periods where no event is being

hosted in the stadium.

[0003] Accordingly, it is desirable to optimize the distribution of capacity in a

distributed antenna system having coverage zones with varying numbers of

wireless devices serviced by the distributed antenna system.



Summary

[0004] In one aspect, a capacity optimization sub-system for distributing

capacity in a distributed antenna system is provided. The capacity optimization

sub-system includes a switch matrix and a controller. The switch matrix includes

variable attenuators and switches. The switch matrix can receive sectors from

base stations. The switch matrix can to provide the sectors to coverage zones.

The controller can communicate with the switch matrix. The controller can

determine that a number of wireless devices in one or more of the coverage zones

is outside a specified range of threshold traffic levels. In response to determining

that the number of wireless devices is outside the specified range of threshold

traffic levels, the controller can configure one or more of the variable attenuators

and corresponding switches to redistribute capacity among the coverage zones.

[0005] In another aspect, a distributed antenna system is provided. The

distributed antenna system includes remote antenna units and a capacity

optimization sub-system. The remote antenna units can provide service to

coverage zones. At least one remote antenna unit in each coverage zone

includes a signal detection device. The capacity optimization includes a switch

matrix and a controller. The switch matrix includes variable attenuators and

switches. The switch matrix can receive sectors from base stations and provide

the sectors to the coverage zones. The controller can communicate with the

switch matrix and the remote antenna units. The controller can determine

cumulative traffic levels in the coverage zones based on data received from each

signal detection device describing a traffic level in a respective coverage zone. In

response to determining that the cumulative traffic levels in a first set of coverage



zones is below a low threshold traffic level, the controller can configure one or

more of the variable attenuators and corresponding switches to decrease capacity

in the first set of coverage zones. In response to determining that the cumulative

traffic levels in a second set of coverage zones is below a high threshold traffic

level, the controller can configure one or more of the variable attenuators to

increase capacity in the second set of coverage zones.

[0006] In another aspect, a method for optimizing capacity in a distributed

antenna system is provided. The method involves a processor determining that a

number of wireless devices in one or more coverage zones receiving sectors from

base stations is below a threshold corresponding to a low traffic level. In response

to determining that the number of wireless devices is below the threshold

corresponding to the low traffic level, the processor configures one or more

variable attenuators and one or more corresponding switches of a switch matrix of

the distributed antenna system to redistribute capacity among coverage zones by

increasing and or decreasing capacity in the one or more coverage zones.

Decreasing capacity can include attenuating signals from a first source of capacity

in at least one coverage zone at a rate sufficient to induce one or more wireless

devices in the at least one coverage zone to switch from the first source of

capacity to a second source of capacity. The method further involves the

processor determining that the number of wireless devices in the one or more

coverage zones receiving the sectors is above a threshold corresponding to a high

traffic level. In response to determining that the number of wireless devices is

above the threshold corresponding to the high traffic level, the processor

configures one or more variable attenuators and corresponding switches of the

switch matrix to increase capacity in the one or more coverage zones.



[0007] These illustrative aspects and features are mentioned not to limit or

define the invention, but to provide examples to aid understanding of the inventive

concepts disclosed in this application. Other aspects, advantages, and features of

the present invention will become apparent after review of the entire application.

Brief Description of the Drawings

[0008] Figure 1 is a block diagram of a group of base stations coupled to a

DAS that has a capacity optimization sub-system according to one aspect.

[0009] Figure 2 is a block diagram of a telecommunications system in which

a capacity optimization sub-system can be disposed according to one aspect.

[001 0] Figure 3 is a partial block diagram of a capacity optimization sub¬

system having a switch matrix and a controller according to one aspect.

[001 ] Figure 4 is a partial schematic diagram of a switching module of a

switch matrix for a capacity optimization sub-system according to one aspect.

[0012] Figure 5 is a block diagram of a controller for optimizing capacity in a

distributed antenna system according to one aspect.

[0013] Figure 6 is a flow chart illustrating a process for optimizing capacity

in a distributed antenna system according to one aspect.

Detailed Description

[0014] Certain aspects and features are directed to a capacity optimization

sub-system that can be disposed in a telecommunications system, such as a

distributed antenna system ("DAS"). The capacity optimization sub-system can

redistribute capacity in a DAS such that the power used by the DAS is optimized.

For example, the capacity optimization sub-system can determine that a number



of wireless devices in one or more coverage zones is outside a specified range of

threshold traffic levels. In some aspects, a number of wireless devices can be

outside a specified range of threshold traffic levels if the number of wireless

devices exceeds a threshold corresponding to a high level of traffic in a coverage

zone. In other aspects, a number of wireless devices can be outside a specified

range of threshold traffic levels if the number of wireless devices is less than a

threshold corresponding to a low level of traffic in a coverage zone. In response

to determining that the number of wireless devices is outside the specified range

of threshold traffic levels, the capacity optimization sub-system can redistribute

capacity among the plurality of coverage zones. The capacity optimization sub¬

system can also gradually attenuate signals being transmitted to a wireless

device. Gradually attenuating the signals being transmitted to a wireless device

can cause the wireless device to hand over to or otherwise switch to a different

source of capacity for communicating via the DAS. A different source of capacity

can include frequency channels associated with a different base station.

[001 5] Capacity can include a group of frequency channels by which

wireless devices located in a coverage zone of a DAS can communicate. A

coverage zone of a DAS can include one or more remote antenna units that

provide signal coverage to the wireless device in a geographic area. Multiple base

stations can provide capacity to the coverage zones of a DAS. Redistributing

capacity can include changing the number of wireless devices that can be

supported in different coverage zones based on the concentration of wireless

devices in each coverage zone. Capacity can be redistributed by reassigning or

otherwise reallocating some or all of the frequency channels provided by a base

station from a first coverage zone to a second coverage zone.



[0016] A DAS can provide capacity to one or more coverage zones. A

capacity optimization sub-system of a DAS can optimize the capacity provided to

one or more coverage zones. Optimizing the capacity of a DAS can include

modifying the capacity allocated among a group of coverage zones based on the

traffic in the one or more coverage zones. The traffic in a coverage zone can

include the number of wireless devices communicating via the DAS in the

coverage zone.

[001 7] The capacity optimization sub-system can include a controller and a

switch matrix that includes variable attenuators and switches. The controller can

be communicatively coupled to the switch matrix. The controller can determine

that a number of wireless devices in one or more coverage zones serviced by the

distributed antenna system is below a threshold traffic level. In some aspects, the

controller can determine that the number of wireless devices is below a threshold

traffic level by communicating with one or more signal detection devices disposed

in remote antenna units servicing the coverage zones.

[0018] In other aspects, the controller can determine that the number of

wireless devices is below a threshold traffic level based on a scheduling algorithm

for determining time periods in which the expected number of wireless devices in

a coverage zone will decrease.

[0019] The controller can configure one or more of variable attenuators and

one or more corresponding switches to redistribute or otherwise increase or

decrease capacity in one or more coverage zones in response to determining that

the number of wireless devices is below the threshold traffic level. The controller

can configure the variable attenuators to attenuate signals being provided from a

first source of capacity to one or more wireless devices in the one or more



coverage zones. The controller can determine a rate of attenuation based on the

traffic level in the coverage zone for which capacity is decreased. A first source of

capacity may be one or more sectors from a first base station communicatively

coupled to the DAS. The rate of attenuation of the signals by the variable

attenuators can be sufficient to induce the one or more wireless devices to switch

to a second source of capacity. A second source of capacity may be one or more

sectors from a second base station communicatively coupled to the DAS. The

controller can configure the switches of the switch matrix to redistribute capacity

from the first source of capacity based on the attenuators simulating a level of

fading sufficient to induce wireless device to switch to the second source of

capacity. For example, the switches can be configured to modify the routing of

signals from the first source of capacity different coverage zones based on a

sufficient number of wireless devices switching to the second source of capacity.

[0020] In some aspects, the controller can execute a scheduling algorithm

to optimize capacity. In other aspects, the controller can optimize capacity based

on data received from one or more signal detection devices describing signal

traffic in the one or more coverage zones. A signal detection device can be any

device configured to scan one or more frequencies and detect one or more signals

on the one or more frequencies, such as (but not limited to) an uplink signal sniffer

or a frequency scanner. A signal detection device can communicate traffic data

with the controller via an uplink path between a remote antenna unit and a device

in which the controller is disposed. In additional or alternative embodiments, a

signal detection device can communicate traffic data with the controller via a

control path separate from the downlink path or uplink path. The control path can

be any communication medium suitable for wired or wireless communication



between signal detection device and controller. Non-limiting examples of a

suitable communication medium include copper wire (such as coaxial cable),

optical fiber, and microwave or optical link. The traffic data can identify signals on

one or more frequencies detected by the signal detection device.

[0021] The switch matrix of the capacity optimization sub-system can be

configured to redistribute capacity among coverage zones and reduce the overall

energy consumption such that the output power of the DAS is optimized. In some

aspects, an optimized output power of the DAS can be obtained based on the

number of device in each coverage zone being between a threshold number of

devices corresponding to a low traffic level and a threshold number of devices

corresponding to a high traffic level. For example, the switch matrix can reduce

the output power of 3 dB or 6 dB in a coverage zone where there are few wireless

devices, such as an office building during an eight-hour period at night or in a

stadium not hosting events during a five-day period. Optimizing the output power

of a DAS can reduce overall energy consumption and operational expenditures

associated with operating the DAS. Optimizing the output power of a DAS can

also increase mean time between failures for remote antenna units of a DAS by,

for example, increasing the operating lifespan of device components such as

capacitors and other semiconductors.

[0022] A telecommunications system having a DAS, such as an active DAS,

and one or more bases stations can be configured to provide a specified level of

capacity in one or more coverage zones during specified intervals of time. For

intervals during which a large number of wireless devices are present in a

coverage zone, the DAS can be configured to provide the specified level of

capacity. For other intervals during which fewer wireless devices are present in



the coverage zone, the DAS can be configured to provide a level of capacity

below the specified level of capacity.

[0023] The capacity optimization sub-system can reduce dropped calls that

may otherwise result from redistributing capacity in a DAS. A wireless device in

the first coverage zone using a frequency channel from the base station can

experience a dropped call if capacity is redistributed too rapidly for the wireless

device to hand over to a different frequency channel. For example, abruptly

redistributing capacity in a DAS can prevent a wireless device communicating via

a first source of capacity, such as a sector from a first base station, from switching

to a second source of capacity, such as a sector from a second base station. For

a coverage zone in which capacity is reduced, the capacity optimization sub¬

system can gradually attenuate the signal strength associated with the frequency

channels provided from a source of capacity, such as a base station. Gradually

attenuating the signal strength can simulate a slow fading of the signal from the

base station. Gradually attenuating the signal strength associated with the

frequency channels provided from the base station can cause a wireless device

using one of the frequency channels to switch to a frequency channel provided by

a different base station that is providing capacity to the coverage zone. The

capacity can be redistributed based on a sufficient number of wireless devices

switching to a second source of capacity. For example, the capacity optimization

sub-system can cease providing capacity from the first source of capacity based

on detecting that a majority of the wireless devices or all devices in a coverage

area have switched to a second source of capacity.

[0024] For example, in a stadium hosting an event, a surrounding parking

lot may initially receive capacity from two base stations. The DAS can be



reconfigured to provide capacity from only one base station to the parking lot

when an event begins. Reconfiguring a DAS can include changing the routing of

signals via the switch matrix. When the DAS is reconfigured to provide more

capacity to the interior of the stadium, the capacity optimization sub-system can

gradually reduce the signal strength associated with the frequency channels

provided by the first base station. The reduced signal strength of the signals

provided by the first base station could cause wireless devices in the parking lot to

hand over to frequency channels provided by the second base station.

[0025] Detailed descriptions of certain aspects are discussed below. These

illustrative examples are given to introduce the reader to the general subject

matter discussed here and are not intended to limit the scope of the disclosed

concepts. The following sections describe various additional aspects and

examples with reference to the drawings in which like numerals indicate like

elements, and directional descriptions are used to describe the illustrative

examples but, like the illustrative examples, should not be used to limit the present

invention.

[0026] Figure 1 depicts a capacity optimization sub-system 03 disposed in

a DAS 100 communicatively coupled to base stations 102a-n. The DAS 100 in

Figure 1 also includes a downlink path 104 and an uplink path 106. The capacity

optimization sub-system 103 can optimize distribution of capacity from the base

stations 102a-n throughout the DAS 100.

[0027] Figure 2 depicts a DAS 100 having a capacity optimization sub¬

system 03 communicatively coupled to the base stations 102a-n and with remote

antenna units 208a-l servicing the coverage zones 206a-d. The DAS 100 can be

positioned in an area, such as a stadium or office building, to extend wireless



communication coverage of the base stations 102a-n. Different base stations

102a-n can be associated with different sectors of one telecommunications

system operator and/or be associated with different telecommunications system

operators. The capacity optimization sub-system 103 can be used with

telecommunication technologies such as wideband code division multiple access

("W-CDMA") and ("LTE") using ("MIMO").

[0028] The capacity provided by the base stations 102a-n can include a cell

or cell sectors. For example, an antenna of base station can be sectorized such

that the base station provides three sectors. The DAS 100 can provide the

sectors of the base stations 102a-n to the coverage zones 206a-d for use by

wireless devices geographically located in the coverage zones 206a-d.

[0029] In the downlink direction, the DAS 100 can receive signals from the

base stations 102a-n via a wired or wireless communication medium. Downlink

signals can include signals provided from the base stations 102a-n and radiated

into the coverage zones 206a-d by the remote antenna units 208a-l. The downlink

signals received by the capacity optimization sub-system 03 can be associated

with one or more sectors from the base stations 102a-n.

[0030] The capacity optimization subs-system can include a switch matrix

202 and a controller 204. The switch matrix 202 can route sectors between the

base stations 102a-n and the coverage zones 206a-d. Each of the coverage

zones 206a-d can correspond to a physical area within the environment of the

DAS 100. The DAS 100 can distribute a sector to a single physical area that

includes multiple coverage zones. The remote antenna units in the coverage

zones of the physical area can radiate the signals of the sector distributed to the

physical area.



[0031] In some aspects, the capacity optimization sub-system 103 can

communicate with both the base stations 102a-n and the remote antenna units

208a-l using analog RF signals. In other aspects, the capacity optimization sub¬

system 103 can communicate digital signals with the base stations 102a-n and

communicate analog RF signals with the remote antenna units 208a-l.

[0032] Although the capacity optimization sub-system 103 is depicted in

Figure 2 as communicating directly with the base stations 102a-n, other

configurations are possible. In some aspects, the capacity optimization sub¬

system 103 can communicate with the base stations 102a-n via another

component of the DAS 100, such as an intelligent point-of-interface system. In

other aspects, the capacity optimization sub-system 103 can be disposed in or

integrated with another component of the DAS 100, such as an intelligent point-of-

interface system.

[0033] The coverage zones 206a-d can include the areas to which the DAS

100 extends signal coverage of the base stations 102a-n. For example, for a DAS

100 that is positioned in a stadium, the coverage zones 206a-d may correspond to

different sections of the stadium and the parking lot surrounding the stadium. In

another example, for a DAS 100 that is positioned in an office building, each of the

coverage zones 206a-d may correspond to a different floor of the building.

[0034] Each of the coverage zones 206a-d can include one or more remote

antenna units 208a-l. The remote antenna units 208a-l can service a number of

different wireless devices, such as cellular phones, operating in the environment

of the DAS 100. The remote antenna units of a particular coverage zone can

receive the same group of signals from the capacity optimization sub-system 103.

The remote antenna units in a coverage zone can radiate the group of signals,



such as a sector, received from the capacity optimization sub-system 103 to the

coverage zone. The remote antenna units 208a-l can communicate with the

capacity optimization sub-system 103 via any communication medium capable of

carrying signals between the capacity optimization sub-system 103 and the

remote antenna units 208a-l. Examples of a suitable communication medium

include copper wire (such as a coaxial cable), optical fiber, and microwave or

optical link. The link can transport the signals in analog or in digitized form. As

depicted in Figure 2 , different coverage zones can include different numbers of

remote antenna units.

[0035] In some aspects, the remote antenna units 208a-l can receive

analog RF signals from the capacity optimization sub-system 103. In other

aspects, the remote antenna units 208a-l can receive digital signals from the

capacity optimization sub-system 03 and convert the digital signals to analog RF

signals prior to radiating the signals to wireless devices in the coverage zone.

[0036] In the uplink direction, the capacity optimization sub-system 103

can receive uplink signals from remote antenna units 208a-l. Uplink signals

can include signals received from wireless devices in the coverage zones

206a-d.

[0037] Traffic can vary between coverage zones 206a-d as a result of

wireless devices moving between coverage zones 206a-d during certain

events, such as a stadium having more wireless devices during a sporting

event hosted in the stadium, or during certain times of day, such as an office

building having more wireless devices during a workday. Capacity can be

redistributed among coverage zones 206a-d based on the capacity



requirements in each coverage zone over time. For example, a DAS 100 may

include a first coverage zone servicing a stadium and a second coverage zone

servicing the surrounding parking lot. The DAS can be configured to provide

capacity from a group of base stations 102a-n to the coverage zones 206a-d.

Prior to the start of an event, more wireless devices may be located in the

parking lot than inside the stadium. The capacity optimization sub-system 103

can configure the DAS 100 to provide more capacity to the coverage zones

servicing the parking lot. After the event starts, more wireless devices may be

located inside the stadium than inside the parking lot. The capacity

optimization sub-system can reconfigure the DAS to provide more capacity to

the coverage zones servicing interior of the stadium.

[0038] In some aspects, each of the remote antenna units of the DAS

can include one or more class AB amplifiers. The number of class AB

amplifiers included in each remote antenna unit can depend on the number of

frequency bands used to communicate signals via the DAS 100. Using a

capacity optimization sub-system in a DAS with a coverage zone having

remote antenna units with class AB amplifiers can optimize the power

consumption in the DAS by, for example, reducing power consumption from 25

watts per band to 19 watts per band. For example, in a DAS having 32 remote

antenna units supporting four frequency bands and operating on a twelve-hour

cycle, power consumption can be reduced to 1600 watts such that energy

savings in a year can reach more than three megawatt-hours.

[0039] Figure 3 is a block diagram of the capacity optimization sub

system 103. The capacity optimization sub-system 103 can include the switch



matrix 202 and the controller 204. The switch matrix 202 can include splitter-

combiner modules 302a-n, a switching module 304, and splitter-combiner

modules 306a-d. The controller can be communicatively coupled to the

switching module 304 via any suitable means, such as (but not limited to) a bus

or a printed circuit board.

[0040] In a downlink direction, downlink signals provided by one or more

of the base stations 102a-n can be routed via the splitter-combiner modules

302a-n and the switching module 304 to the splitter-combiner modules 306a-d.

The splitter-combiner modules 306a-d can combine signals received via

switching module 304. The splitter-combiner modules 306a-d can provide the

combined signals to coverage zones 206a-d. In an uplink direction, the splitter-

combiner modules 306a-d can receive uplink signals from the coverage zones

206a-d. The splitter-combiner modules 306a-d can route the uplink signals to

the splitter-combiner modules 302a-n. The splitter-combiner modules 302a-n

can provide the uplink signals to the base stations 102a-n. Each of the splitter-

combiner modules can include a splitting component or series of components,

such as (but not limited to), power dividers, de-multiplexors, de-serializers, etc.

Each of the splitter-combiner modules can include a splitting component or

series of components, such as (but not limited to), adders, multiplexors,

serializers, etc.

[0041] The switching module 304 can selectively route signals from

different base stations 102a-n to different splitter-combiner modules 306a-d.

For example, the switching module 304 may route signals between all of the

base stations 102a-n and the splitter-combiner module 302a, between half of



the base stations 102a-n and the splitter-combiner modules 302b, 302c, and

between one of the base stations 102a-n to the splitter-combiner module 302a.

The switching module 304 can thus allocate capacity from multiple base

stations 102a-n for provision to one or more of the coverage zones 206a-d.

Although Figure 3 depicts the switch matrix 202 as having four splitter-

combiner modules for providing capacity to four coverage zones, the switch

matrix 202 can include any number of splitter-combiner modules (including

one).

[0042] Figure 4 is a partial schematic diagram depicting the routing of

signals from a base station 102a via the splitter-combiner module 302a and the

switching module 304 to the splitter-combiner modules 306a-d. The depiction

of the signal paths between just the splitter-combiner module 302a and the

splitter-combiner modules 306a-d is an illustrative example for similar

configurations of signal paths between one or more of the splitter-combiner

modules 302a-n and the splitter-combiner modules 306a-d. The particular

depicted shown in Figure 4 should not be viewed as limiting with respect to the

present invention or aspects thereof.

[0043] In a downlink direction, the switching module 304 communicates

four signals from the splitter-combiner module 302a via four signal paths. Each

of the signal paths includes switches 402 and one of the variable attenuators

404a-d. The switches 402 can be used to select which of the splitter-combiner

modules 306a-d will receive signals from the base station 102a. The signal

strength associated with the coverage from a base station 102a in any of the

paths can be increased or decreased via the variable attenuator in the path.



[0044] An example DAS 100 having the capacity optimization sub-system

103 may be deployed in a stadium. The coverage zones 206a, 206b can

provide coverage inside the stadium. The coverage zones 206c, 206d can

provide coverage to a parking lot outside the stadium. For a five-day period

associated with the absence of an event being hosted in the stadium, the

attenuators and switches associated with the coverage zones 206a, 206b can

reduce capacity in the coverage zones 206a, 206b. For example, the

attenuators associated with the coverage zones 206a, 206b can be configured

to reduce the output power associated with the downlink path and the output

noise level associated with the uplink path of the remote antenna units in

coverage zones 206a, 206b by 3-6 dB, thereby providing a minimum capacity

in the coverage zone for wireless devices associated with users such as

custodial personnel or training events. Reducing the output power associated

with the downlink path in coverage zones 206a, 206b can optimize or otherwise

improve the power consumption of power amplifiers in the downlink path.

Reducing the output noise level associated with the uplink path of the remote

antenna units in coverage zones 206a, 206b can optimize or otherwise improve

the noise floor of uplink signals communicated to the respective receivers of

one or more of base stations 102a-n. In some aspects, an optimized noise level

of the DAS can be determined based on the number of devices in each coverage

zone being between a threshold number of device corresponding to a low traffic

level and a threshold number of device corresponding to a high traffic level.

[0045] In some aspects, the controller 204 can configure the switch

matrix 202 to decrease capacity by attenuating the signal strength of signals



associated with a first source of capacity in one of the coverage zones 206a-d.

The controller 204 can determine a rate of attenuation based on a level of

traffic, such as a number of wireless devices, in a coverage zone. The

controller 204 can configure the switch matrix 202 such that the rate of

attenuation used by a respective attenuator is sufficient to induce wireless

devices in a coverage zone to switch from a first source of capacity being

redistributed from the coverage zone to a second source of capacity for the

coverage zone. A wireless device in a coverage zone in which capacity is

reduced can detect that the signal strength associated with the first source of

capacity has decreased, thereby causing the wireless device to switch to the

second source of capacity. The controller 204 can configure one or more of

the switches 402 to redistribute capacity from the first source to one or more

different coverage zones based on a sufficient number of wireless devices

switching to the second source of capacity.

[0046] The controller 204 can control the operation of the variable

attenuators. Figure 5 depicts a block diagram of a controller 204 for

configuring the switch matrix 202. The controller 204 may be any device that

can process data and execute code that is a set of instructions to perform

actions.

[0047] The controller 204 can include a processor 502 that can execute

code stored on a computer-readable medium, such as a memory 504, to cause

the controller 204 to manage the capacity provides to the coverage zones

206a-d. Examples of processor 502 include a microprocessor, a peripheral

interface controller ("PIC"), an application-specific integrated circuit ("ASIC"), a



field-programmable gate array ("FPGA"), or other suitable processor. The

processor 502 may include one processor or any number of processors.

[0048] The processor 502 can access code stored in memory 504 via a

bus 506. The memory 504 may be any non-transitory computer-readable

medium capable of tangibly embodying code and can include electronic,

magnetic, or optical devices. Examples of memory 504 include random access

memory (RAM), read-only memory (ROM), magnetic disk, an ASIC, a

configured processor, or other storage device. The bus 506 may be any device

capable of transferring data between components of the controller 204. The

bus 506 can include one device or multiple devices.

[0049] Instructions can be stored in memory 504 as executable code.

The instructions can include processor-specific instructions generated by a

compiler and/or an interpreter from code written in any suitable computer-

programming language, such as C, C++, C#, Visual Basic, Java, Python, Perl,

JavaScript, and ActionScript.

[0050] The instructions can include a capacity management engine 510.

When executed by the processor 502, the capacity management engine 5 10

can cause the controller 204 to redistribute capacity in the DAS 100, as

explained in more detail below. The controller 204 can receive through

input/output (I/O) interface 508 and store in memory 504 inputs such as

measurements received from signal detection devices, such as uplink sniffers

or frequency scanners, in the remote antenna units 208a-l. The capacity

management engine 5 10 can also generate control signals for controller 204 to



transmit to the remote antenna units 208a-l. The capacity management engine

510 can also execute a scheduling algorithm.

[0051] This exemplary system configuration is provided to illustrate

configurations of certain aspects. Other configurations may of course be

utilized.

[0052] Figure 6 depicts a flow chart illustrating a process 600 for

optimizing capacity in a DAS 100. The process 600 is described with reference

to the DAS 100 depicted in Figure 2 and the system implementation of the

capacity optimization sub-system 103 depicted in Figures 3-5. Other

implementations, however, are possible.

[0053] At block 610, the controller 204 can determine whether manual

control of the capacity optimization sub-system 103 is enabled. The capacity

management engine 5 10 can determine whether manual control of the capacity

optimization sub-system 103 is enabled based on data received via the I/O

interface 508.

[0054] If manual control is enabled, the process 600 terminates at block

620.

[0055] If manual control is not enabled, the controller 204 can determine

the number of wireless devices is determined at block 630. In the block 630,

the process 600 acquires the number of wireless devices in one or more

coverage zones.

[0056] At block 640, the controller 204 can determine whether the

number of wireless devices exceeds a threshold corresponding to a high traffic

threshold. The processor 502 can execute the capacity management engine



5 0 to determine if the threshold corresponding to the high traffic threshold is

exceeded. In some aspects, the capacity management engine 5 10 can

configure the controller 204 to request data identifying the respective number of

wireless devices for the respective coverage zone from at least one remote

antenna unit in each coverage zone that includes a signal detection device.

The capacity management engine 5 0 can compare the data identifying the

number of wireless devices in the respective coverage zone to a maximum

number of wireless devices. The maximum number of wireless devices can be

stored in the memory 504. In other aspects, the processor 502 can execute a

scheduling algorithm of the capacity management engine 5 10 to determine

whether the number of wireless devices in the one or more coverage zones

exceeds the threshold corresponding to a high traffic level. The scheduling

algorithm can identify one or more time periods associated with increasing

capacity for the one or more coverage zones.

[0057] If the number of wireless devices exceeds a threshold

corresponding to a high traffic threshold, the controller 204 can determine

whether a secondary source of capacity is available at block 650. A secondary

source of capacity can include additional sectors from one or more of the base

stations 102a-n that are available for redistribution to coverage zones in which

the number of wireless devices exceeds a threshold corresponding to a high

traffic threshold.

[0058] If a secondary source of capacity is not available, the process 600

can return to block 610. If a secondary source of capacity is available, the

controller 204 can increase capacity to at least one coverage zone having



number of wireless devices exceeds a threshold corresponding to a high traffic

threshold by configuring one or more of the variable attenuators 404a-d and

one or more corresponding switches 402 of the switching module 304 at block

660. The process 600 can return to block 6 10 .

[0059] If the number of wireless devices does not exceed a threshold

corresponding to a high traffic threshold, the controller 204 can determine

whether a number of wireless devices in at least one coverage zone is less

than a threshold corresponding to a low traffic level at block 670. If the number

of wireless devices in at least one coverage zone is not less than a threshold

corresponding to a low traffic level, the process 600 can return to block 6 10 . If

the number of wireless devices in at least one coverage zone is less than a

threshold corresponding to a low traffic level, the controller 204 can determine

a secondary source of capacity is being routed to the coverage zones having a

number of wireless devices that is less than a threshold corresponding to a low

traffic level at block 680.

[0060] If a secondary source of capacity is not being routed to the

coverage zones having a number of wireless devices that is less than a

threshold corresponding to a low traffic level, the process 600 can return to

block 610.

[0061] If a secondary source of capacity is being routed to the coverage

zones having a number of wireless devices that is less than a threshold

corresponding to a low traffic level, the controller 204 can decrease capacity to

the coverage zones having a number of wireless devices that is less than a

threshold by configuring one or more of the variable attenuators 404a-d and



one or more corresponding switches 402 of the switching module 304 at block

690. The process 600 can return to block 610.

[0062] The foregoing description of the aspects, including illustrated

examples, of the invention has been presented only for the purpose of

illustration and description and is not intended to be exhaustive or to limit the

invention to the precise forms disclosed. Numerous modifications, adaptations,

and uses thereof will be apparent to those skilled in the art without departing

from the scope of this invention.



Claims

1. A capacity optimization sub-system for distributing capacity in a distributed

antenna system, the capacity optimization sub-system comprising:

a switch matrix having a plurality of variable attenuators and a plurality of

switches, the switch matrix configured to receive a plurality of sectors from a

plurality of base stations and to provide the plurality of sectors to a plurality of

coverage zones; and

a controller communicatively coupled to the switch matrix, the controller

configured to:

determine that a number of wireless devices in one or more of the

plurality of coverage zones is outside a specified range of threshold traffic levels,

and

in response to determining that the number of wireless devices is

outside the specified range of threshold traffic levels, configure one or more of the

plurality of variable attenuators and one or more corresponding switches to

redistribute capacity among the plurality of coverage zones.

2 . The capacity optimization sub-system of claim 1,

wherein the one or more of the plurality of variable attenuators and the one

or more corresponding switches are further configured to decrease capacity in a

first set of coverage zones of the plurality of coverage zones by attenuating



signals being provided from a first source of capacity to one .or more wireless

devices in the first set of coverage zones,

wherein the controller is configured to determine a rate of attenuation of the

signals based on a traffic level in the first set of coverage zones, wherein the rate

of attenuation is sufficient to induce the one or more wireless devices to switch to

a second source of capacity.

3 . The capacity optimization sub-system of claim 2 ,

wherein the one or more of the plurality of variable attenuators and the one

or more corresponding switches are further configured to increase capacity in a

second set of coverage zones by reducing attenuation of the signals being

provided from the first source of capacity to one or more wireless devices in the

second set of coverage zones,

wherein the controller is further configured to determine the second set of

coverage zones in which capacity is increased based on traffic levels in the

second set of coverage zones.

4. The capacity optimization sub-system of claim , wherein the switch matrix

is further configured to distribute analog signals to one or more remote antenna

units in each of the plurality of coverage zones.

5 . The capacity optimization sub-system of claim , wherein the controller is

configured to determine traffic levels by executing a scheduling algorithm stored

on a computer readable medium accessible by the controller.



6. The capacity optimization sub-system of claim 1,

wherein the controller is further configured to establish a data link with one

or more remote antenna units servicing the plurality of coverage zones,

wherein at least one remote antenna unit in each coverage zone comprises

a signal detection device,

wherein the signal detection device is configured to communicate, via the

data link, data describing traffic levels of wireless devices in communication with

the at least one remote unit antenna, and

wherein the controller is configured to determine that the number of

wireless devices is outside the specified range of threshold traffic levels based on

the cumulative data received from the signal detection devices describing a traffic

level in a respective coverage zone.

7. The capacity optimization sub-system of claim 6, wherein each signal

detection device comprises an uplink signal sniffer.

8. The capacity optimization sub-system of claim 6, wherein each signal

detection device comprises a frequency scanner.

9 . The capacity optimization sub-system of claim 1, wherein the switch matrix

is disposed in an intelligent point-of-interface system.

A distributed antenna system comprising



a plurality of remote antenna units configured to provide service to a

plurality of coverage zones, wherein at least one remote antenna unit in each

coverage zone comprises a signal detection device; and

a capacity optimization sub-system comprising:

a switch matrix having a plurality of variable attenuators and a

plurality of switches, the switch matrix configured to receive a plurality of sectors

from a plurality of base stations and to provide the plurality of sectors to the

plurality of coverage zones; and

a controller communicatively coupled to the switch matrix and to the

plurality of remote antenna units, the controller configured to:

determine, based on the data received from each signal

detection device describing a traffic level in a respective coverage zone,

cumulative traffic levels in the plurality of coverage zones,

in response to determining that the cumulative traffic levels in

a first set of coverage zones of the plurality of coverage zones is below a low

threshold traffic level, configure one or more of the plurality of variable attenuators

and one or more corresponding switches to decrease capacity in the first set of

coverage zones, and

in response to determining that the cumulative traffic levels in

a second set of coverage zones of the plurality of coverage zones is above a high

threshold traffic level, configure one or more of the plurality of variable attenuators

and one or more corresponding switches to increase capacity in the second set of

coverage zones.



11. The distributed antenna system of claim 10, wherein the one or more of the

plurality of variable attenuators and the one or more corresponding switches are

configured to decrease capacity by attenuating signals being provided from a first

source of capacity to one or more wireless devices in the plurality of coverage

zones, wherein the controller is configured to determine a rate of attenuation of

the signals based on traffic levels in the plurality of coverage zones, wherein the

rate of attenuation of the signals is sufficient to induce the one or more wireless

devices to switch to a second source of capacity.

12. The distributed antenna system of claim 10, wherein the controller is further

configured to determine traffic levels by executing a scheduling algorithm stored

on a computer readable medium accessible by the controller.

13. The distributed antenna system of claim 10, wherein each signal detection

device comprises an uplink signal sniffer.

4. The distributed antenna system of claim 10, wherein each signal detection

device comprises a frequency scanner.

15. The distributed antenna system of claim 10, wherein the switch matrix is

disposed in an intelligent point-of-interface system of the distributed antenna

system.

16. A method for optimizing capacity in a distributed antenna system, the

method comprising:



determining, by a processor, that a number of wireless devices in one or

more coverage zones receiving a plurality of sectors from a plurality of base

stations is below a threshold corresponding to a low traffic level; and

in response to determining that the number of wireless devices is below the

threshold corresponding to the low traffic level, configuring, by the processor, one

or more variable attenuators and one or more corresponding switches of a switch

matrix of the distributed antenna system to decrease capacity in the one or more

coverage zones,

wherein decreasing capacity comprises attenuating signals from a first

source of capacity in at least one coverage zone at a rate sufficient to induce one

or more wireless devices in the at least one coverage zone to switch from the first

source of capacity to a second source of capacity;

determining, by the processor, that the number of wireless devices in the

one or more coverage zones receiving the plurality of sectors exceeds a threshold

corresponding to a high traffic level; and

in response to determining that the number of wireless devices exceeds the

threshold corresponding to the high traffic level, configuring, by the processor, the

one or more variable attenuators and the one or more corresponding switches of

the switch matrix of the distributed antenna system to increase capacity in the one

or more coverage zones.

17 . The method of claim 16 ,

wherein determining that the number of wireless devices in the one or more

coverage zones is below the threshold corresponding to the low traffic level

comprises:



requesting, by the processor, from at least one remote antenna unit

in each coverage zone, the data identifying a respective number of wireless

devices for the respective coverage zone, wherein the at least one remote

antenna unit comprises a signal detection device configured to determine the

respective number of wireless devices in the respective coverage zone, and

comparing, by the processor, the data identifying the respective

number of wireless devices in the respective coverage zone to a minimum number

of wireless devices stored in a computer-readable medium accessible by the

processor; and

wherein determining that the number of wireless devices in the one or more

coverage zones exceeds the threshold corresponding to the high traffic level

comprises:

requesting, by the processor, from the at least one remote antenna

unit in each coverage zone, the data identifying the respective number of wireless

devices for the respective coverage zone, and

comparing, by the processor, the data identifying the respective

number of wireless devices in the respective coverage zone to a maximum

number of wireless devices stored in the computer-readable medium.

18. The method of claim 16, wherein determining that the number of wireless

devices in the one or more coverage zones is below the threshold corresponding

to the low traffic level comprises executing, by the processor, a scheduling

algorithm stored in a computer-readable medium accessible by the processor,

wherein the scheduling algorithm identifies one or more time periods associated

with reducing capacity for the one or more coverage zones.



19. The method of claim 16, wherein determining that the number of wireless

devices in the one or more coverage zones exceeds the threshold corresponding

to the high traffic level comprises executing, by the processor, a scheduling

algorithm stored in a computer-readable medium accessible by the processor,

wherein the scheduling algorithm identifies one or more time periods associated

with increasing capacity for the one or more coverage zones.

20. The method of claim 16, further comprising determining the threshold

corresponding to the low traffic level and the threshold corresponding to the high

traffic level based on one or more of an optimum power consumption or an

optimum noise level of the distributed antenna system.
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