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(57) ABSTRACT

Systems, apparatus, methods, and manufactures for conserv-
ing power in a communications system such as a communi-
cations service cell site or cell site. The methods include
adjusting the RF coverage of the cell site antenna, selective
control of the RF output transmit power, selective control of
the communications bit rate, transfer of communications to
other cell sites, adjustment of indicators such that mobile
devices transfer communications to other cell sites, and real-
location of logical slots between radios in the cell site. In
some examples, the cell site employs a power controller. The
power controller may utilize a switching circuit to produce
two different voltages from a single battery string during a
commercial power failure with improved conversion efficien-
cies. In another example, a power controller may manage
multiple rectifiers so that the rectifiers operate more effi-
ciently, such as with approximately equal runtime and with
regular testing.
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RECTIFIER CIRCUIT MANAGEMENT
SYSTEM, SUCH AS FOR USE IN CELL SITE
POWER SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/855,667, filed Apr. 2, 2013,
now U.S. Pat. No. entitled “RECTIFIER CIRCUIT
MANAGEMENT SYSTEM, SUCH AS FOR USE IN CELL
SITE POWER SYSTEMS”, whichis a divisionof U.S. patent
application Ser. No. 12/726,279, filed Mar. 17, 2010, now
U.S. Pat. No. 8,412,271, entitled “RECTIFIER CIRCUIT
MANAGEMENT SYSTEM, SUCH AS FOR USE IN CELL
SITE POWER SYSTEMS”, which claims priority to U.S.
Provisional Patent Application No. 61/228.467 entitled
“CELL SITE IMPROVEMENTS,” filed on Jul. 24, 2009,
which is hereby incorporated by reference herein.

BACKGROUND

[0002] The popularity of commercial wireless communica-
tions services (e.g., wireless telephony, wireless network
access, and wireless email) has substantially increased during
recent years. In many cases, users, such as consumers, mobile
workers, emergency response personnel, and/or the like, now
utilize these services for both personal and business commu-
nications. Likewise, users are increasingly relying on these
services. For example, some housecholds forgo wired tele-
phone service in favor of wireless telephone service; some
government agencies rely on these services for both routine
and emergency communications; and businesses rely onthese
services to communicate with customers and mobile workers.
Correspondingly, the cost (both financial and nonfinancial) of
outages is also increasing.

[0003] Typical commercial wireless communications ser-
vice (“CMRS”) providers rely on remote facilities to provide
services. For instance, CMRS providers rely on cell sites
(e.g., base stations, radio repeaters, wireless to back-haul
interfaces, etc.) to facilitate some communications services.
If a cell site experiences a loss of commercially provided
electrical power, users near the cell site may experience a
service outage. Power outages are an example of a common
cause for cell site failures. For example, natural disasters,
rolling brownouts, accidents, and/or the like may result in
power outages. While most cell sites include some form of
backup power (e.g., generators and/or batteries), these forms
of backup power may not provide sufficient power during
lengthy power outages and may require servicing, monitor-
ing, and on-site maintenance. During lengthy power outages,
the use of commercial wireless communications services may
increase due to users’ needs and/or desires. Further, pending
regulations may require commercial wireless communica-
tions service providers to provide cell sites with at least seven
days of back-up power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram of an environment for
practicing the invention;

[0005] FIG. 2 is a diagram of another suitable environment
for practicing the invention;

[0006] FIG. 3 is a block diagram of a communications
system usable in the environments of FIGS. 1 and 2;
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[0007] FIG. 4 is a logical diagram of a radio shelfusable in
the base station of FIG. 3;

[0008] FIG. 5 is a logical flow diagram of a process for
conserving power in a communications system;

[0009] FIG. 6 is a block diagram of a suitable cell site for
use in the environment of FIG. 1;

[0010] FIG. 7 is a block diagram of a suitable power con-
troller usable in the cell site of FIG. 6;

[0011] FIG. 8 is a schematic diagram of a suitable rectifier
and switch circuit usable in the cell site of FIG. 6; and
[0012] FIG.9isalogical flow diagram of a suitable process
for managing a rectifier and switch circuit having multiple
rectifiers.

DETAILED DESCRIPTION

[0013] The following description provides specific details
for a thorough understanding of, and enabling description for,
various embodiments of the technology. One skilled in the art
will understand that the technology may be practiced without
many of these details. In some instances, well-known struc-
tures and functions have not been shown or described in detail
to avoid unnecessarily obscuring the description of the
embodiments of the technology. The terminology used in the
below description should be interpreted in its broadest rea-
sonable manner, even though it is being used in conjunction
with a detailed description of certain embodiments of the
technology. Although certain terms may be emphasized
below, any terminology intended to be interpreted in any
restricted manner will be overtly and specifically defined as
such in this Detailed Description section.

[0014] As one non-limiting example, the technology may
be employed for conserving power in a communications sys-
tem such as a wireless communications service cell site. For
example, the technology may be employed to conserve power
during a power source’s periods of reduced availability. A cell
site’s run time from backup power may be increased by
employing the various power conservation features described
below. For example, the cell site may decrease the backup
battery circuit discharge rate, the backup generator fuel con-
sumption rate, and/or the like.

[0015] As another non-limiting example, a cell site may
include a power controller that utilizes a switching circuit
(e.g., an H-bridge) to produce two different voltages from a
single battery string during a commercial power failure with
improved conversion efficiencies. The dual voltages pro-
duced may permit a cell site to utilize legacy and next-gen-
eration wireless protocols during a power failure.

[0016] As another non-limiting example, a cell site power
controller may provide management of multiple rectifiers.
The power controller may rotate the rectifiers in and out of
active operation so that the rectifiers operate closer to capac-
ity and, thus, more efficiently. Rectifier rotation also ensures
that the runtime of the various rectifiers is approximately
equal and provides a way of testing the rectifiers for failures.
[0017] The below described power conservation features
may also decrease both capital and operating costs for pro-
viding backup power to a cell site. For example, pending
Federal Communications Commissions (“FCC”) regulations
may require commercial wireless communications service
providers to provide cell sites with at least seven days of
backup power. Likewise, Environmental Protection Agency
(“EPA”), state, and local regulations may regulate storage of
large amounts of backup generator fuel. In addition, the cost,
size, and weight of backup batteries may limit the number of
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batteries that can be practically located at a cell site. For these
and other reasons, the power conservation features described
below may be employed to increase the backup power runt-
ime for cell sites.

Suitable System

[0018] FIG.1 is a block diagram of an environment 190 in
which the invention may be practiced. As shown, the envi-
ronment 190 includes a cell site 100 configured to wirelessly
communicate with wireless devices 197-199. The cell site
100 includes an antenna 192, and a remote tilt mechanism
130. The cell site 100 is coupled to a back-haul 194 and
configured to receive power via a primary power signal PRI_
IN and an alternate power signal ALT_IN.

[0019] The cell site 100 may include virtually any device
for facilitating wireless network access. For example, the cell
site 100 may be a wireless telephony base station, a wireless
network access base station, a wireless email base station,
and/or the like. In one embodiment, the cell site 100 is oper-
ated by a mobile telephony service provider or CMRS. Gen-
erally, the cell site 100 is configured to provide a network
interface for wireless devices 197-199 by providing an inter-
face (via the antenna 192) between wireless devices 197-199
and the back-haul 194. The cell site 100 and wireless devices
197-199 may communicate using any wireless protocol or
standard. These include, for example, Global System for
Mobile Communications (“GSM”), Time Division Multiple
Access (“TDMA”), Code Division Multiple Access
(“CDMA”), Orthogonal Frequency Division Multiple Access
(“OFDM”), General Packet Radio Service (“GPRS”),
Enhanced Data GSM Environment (“EDGE”), Advanced
Mobile Phone System (“AMPS”), Worldwide Interoperabil-
ity for Microwave Access (“WiMAX”), Universal Mobile
Telecommunications System (“UMTS”), Evolution-Data
Optimized (“EVDO”), Long-Term Evolution (“L'TE”), Ultra
Mobile Broadband (“UMB”), and the like.

[0020] The back-haul 194 may be any connection that pro-
vides a network interface for the cell site 100. For example,
the back-haul 194 may include one or more T-1 connections,
T-3 connections, OC-3 connections, frame relay connections,
Asynchronous Transfer Mode (ATM) connections, micro-
wave connections, Ethernet connections, and/or the like. In
addition, the back-haul 194 may provide an interface to a
telephone switch (e.g., to a 9ESS switch or a Private Branch
Exchange switch), to a data network (e.g., to a router or
network switch), and the like.

[0021] The cell site 100 may also be configured to receive
power via the primary power signal PRI_IN, for example, as
alternating current (“AC”) power from a public utility, a
power grid, photovoltaic power sources (e.g., solar panels or
arrays), a turbine, a fuel cell, a generator, and/or the like.
However, the primary power signal PRI_IN may be provided
by virtually any power source and as either AC and/or direct
current (“DC”) power.

[0022] Further, the cell site 100 may also be configured to
receive power via alternate power signal ALT_IN, for
example, from an alternate energy power source. Alternative
energy sources may include photovoltaic power sources,
wind power sources, geothermal power sources, generators,
fuel cells, bioreactors, and/or the like. In typical environ-
ments, DC power is received by the cell site 100 via alternate
power signal ALT_IN. However, either AC and/or DC power
may be received via alternate power signal ALT_IN.
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[0023] At times, however, primary power signal PRI_IN
and/or alternate power signal ALT_IN may provide insuffi-
cient power to operate the cell site 100 (e.g., during a com-
mercial power outage). Accordingly, the cell site 100 may
also include a battery circuit, as discussed below. While the
cell site 100 may include backup power sources, it may be
beneficial to conserve power at the cell site 100 during such
reduced availability periods. Such power conservation may
increase the backup power runtime of the cell site 100.
[0024] The remote tilt mechanism 130 may be included to
control a tilt angle of the antenna 192. The tilt angle of the
antenna 192 may, for example, define a radio frequency
(“RF”) coverage (e.g., coverage area, footprint, pattern, etc.)
of the cell site 100. The remote tilt mechanism 130 may
include an electronically controlled actuator such as a sole-
noid, motor, and/or the like and may be configured to tilt the
antenna 192 based, at least in part, on a tilt signal TILT.
[0025] The antenna 192 may be included to facilitate com-
munications between mobile devices 197-199 and the cell site
100 and is coupled to the cell site 100 via antenna signal ANT.
Antenna 192 may be any type of suitable antenna. One
example of a suitable antenna includes a directional flat panel
antenna having fixed gain and fixed azimuth angle. However,
other types of antennas may also be suitably employed. For
example, omnidirectional antennas, lossy transmission lines,
beam steerable antennas, variable gain antennas, and/or the
like may be employed as appropriate. The antenna 192 may
also include a preamplifier (not shown) to preamplify
received signals. The cell site 100 may be coupled to any
number of antennas. For example, a typical cell site may
provide coverage to three sectors of approximately 120° each.
One or more antennas may provide coverage to each sector.
However, in other systems, any other number of antennas
and/or sectors may be employed. Also, the antenna 192 may
be either a tiltable or a non-tiltable antenna.

[0026] The remote tilt mechanism 130 may be omitted in
some environments. For example, the remote tilt mechanism
130 may be omitted if the antenna 192 is an omnidirectional
antenna, a beam steerable antenna, and/or the like.

[0027] Wireless devices 197-199 may include virtually any
devices for communicating over a wireless network. For
example, wireless devices 197-199 may include mobile tele-
phones (e.g., cellular telephones, GSM telephones, TDMA
telephones, LTE telephones, etc.), wireless data devices (e.g.,
Personal Digital Assistants (PDAs), computers, pagers, etc.),
and/or the like.

[0028] Table 1, below, introduces various power conserva-
tion features that may be employed in the cell site 100 and/or
in the environment 190 to selectively conserve power. These
power conservation features are described in greater detail
below.

TABLE 1

power conservation features.

selective adjustment of the RF coverage of the antenna 192
selective control of an RF output transmit power level
selective control of a communications bit rate

transfer of communications to other cell sites

adjustment of indicators such that associated mobile
devices transfer communications to other cell sites
reallocation of communications between radios and logical
slots of the cell site 100

7 utilization of a switching circuit to produce dual output
voltages from a single battery string

[ N T S

[N
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TABLE 1-continued

power conservation features.

8 management of multiple rectifiers to improve efficiency
and rectifier testing

[0029] Inaddition, the various power conservation features
of Table 1 may also be employed in conjunction with the fuel
conservation and other technologies described in the assign-
ee’s U.S. patent application Ser. No. 12/170,675, entitled
“CELL SITE POWER GENERATION,” filed on Jul. 10,
6008 (Attorney Docket No. 314198058US00), which is
hereby incorporated by reference.

[0030] These other power conservation features may be
selectively enabled based, at least in part, on power source
availability. The various power conservation features may
also be selectively enabled based, at least in part, on other
environmental parameters. For example, environmental
parameters may include the amount of RF interference, the
distance between the cell site 100 and wireless devices 197-
199, topography, geography, and/or the like.

[0031] As one example, the RF interference may be quan-
tified through a carrier to interference ratio (“C/I”’). However,
in other examples, a signal to noise ratio (“SNR”), a bit error
rate (“BER”), a frame error rate (“FER”), and/or the like may
also be suitably employed. In addition, resource management
(e.g., base station traffic load, system traffic load, etc.) and
aggregate call quality may be factors to determine which, if
any, power conservation features are employed with each
particular wireless device or communications channel. For
example, while the cell site 100 communicates with a wire-
less device over a favorable C/I channel (e.g., greater than 20
dB), more power conservation features may be employed.
However, if the channel between the cell site 100 and another
wireless device has a less favorable C/I (e.g., less than 9 dB),
fewer power conservation features may be employed. In this
way, the cell site 100 may balance power consumption and
call quality considerations. Also, the various power conser-
vation features may be individually or collectively employed
in any number of combinations. For example, multiple or all
of the power conservation features of Table 1 may be simul-
taneously employed during certain conditions such as during
an extended power outage, when backup power is low, when
call volume is high, and/or the like.

[0032] Thecell site 100 may be configured to selectively tilt
the antenna 192 to selectively define, in part, its RF coverage.
For example, changing the RF coverage of the antenna 192
may affect power consumption by increasing or decreasing
the number of wireless devices associated with the cell site
100. Selective tilting of the antenna 192 is discussed in further
detail with respect to FIG. 2.

[0033] The cell site 100 may be further configured to selec-
tively control its RF output transmit power. For example, the
cell site 100 may selectively decrease its RF output transmit
power as a power conservation feature or increase its RF
output transmit power to increase its RF coverage. This selec-
tive control may include changing the RF output transmit
power by any suitable amount. As one example, the cell site
100 may be configured to increase or decrease its RF output
transmit power in 2 decibel (“dB”) steps.

[0034] Additionally, the cell site 100 may be configured to
selectively control a communications bit rate for voice traffic.
For example, the cell site 100 may decrease its voice traffic
communications bit rate while operating from backup power

Jun. 11, 2015

and increase its bit rate while operating from a commercial
power source. By lowering the communications bit rate, the
cell site 100 may process a given amount of voice traffic while
employing fewer radios and/or logical slots. Unused radios
and/or logical slots may be disabled to conserve power.
[0035] As one example, a suitable bit rate may be config-
ured by selecting between codecs such as a full-rate codec, an
enhanced full-rate codec, a half-rate codec, various modes of
an adaptive multi-rate codec, and/or the like. Selection
between these codecs may affect both the compression for the
voice traffic and the bit-rate of additional information that is
transmitted with the compressed voice traffic. This additional
information may include padding, forward error correction
coding, other error coding, and/or the like. In addition, dis-
continuous transmission (“DTX”) thresholds and/or the like
may also be adjusted based, at least in part, on the power
source availability status. Adjustment of DTX thresholds may
further affect the communications bit rate.

[0036] Inaddition, the communications bit rate may also be
selectively controlled based, at least in part, on environmental
parameters. For example, a codec and/or bit rate may be
selected based, at least in part, on the C/I of a particular
logical slot. This codec and/or bit-rate may then be adjusted
based, at least in part, on the power source availability status.
For example, during a commercial power source outage, a
bit-rate that is one or two steps lower than would otherwise be
employed for the given C/I level may be employed as a power
conservation feature.

[0037] The cell site 100 may also be configured to transfer
voice and/or data traffic from wireless devices 197-199 to
another cell site. For example, the cell site 100 may employ
directed retries, forced handofts, and/or the like. By decreas-
ing communications, the cell site 100 may decrease the num-
ber of radios in operation, the number of active logical slots,
the amount of voice traffic, and/or the like. In turn, this may
reduce power consumption at the cell site 100.

[0038] Likewise, the cell site 100 may be configured to
adjust indicators such that wireless devices transfer commu-
nications to other cell sites, such as adjacent and/or neighbor-
ing cell sites. As one example, the cell site 100 provides
indicators to wireless devices 197-199 to indicate an esti-
mated or calculated service level for communications with
boththe cell site 100 and other cell sites. These indicators may
represent a signal level (e.g., RSSL, C/I, BER, FER, etc.)
received from wireless devices 197-199 at each cell site
within a geographical area. These indicators may also be
based, at least in part, on a cell 1 reselect (“C1”") value or a cell
2 reselect (“C2”) value from a base station controller such as
a base station controller 350 shown in FIG. 3.

[0039] Wireless devices 197-199 may then employ these
indicators to request association with a particular cell site.
The cell site 100 and/or an associated component (e.g., a
system controller 320, an OMC 330, a switch 340, a base
station controller 350, or an RNC 360 of FIG. 3) may adjust
these indicators to offset the indicated levels from the esti-
mated or calculated values. For example, the cell site 100
and/or the associated component may adjust the C1 or C2
values and/or a receiver access minimum value such that
wireless devices 197-199 may be induced to prefer and/or
transfer association with, or to, an adjacent or neighboring
cell site operating from a commercial power source.

[0040] Inaddition, the cell site 100 may reallocate commu-
nications between radios and logical slots of the cell site 100
based, at least in part, on the commercial power source outage
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status. For example, the cell site 100 may employ different
radios and/or logical slots to facilitate communications
between the cell site 100 and wireless devices 197-199. Real-
location of logical slots is discussed in further detail with
respect to FIG. 4.

[0041] In addition, the cell site 100 may comprise a power
controller (e.g., 610 in FIG. 6) that utilizes a switching circuit
(e.g., a doubling switching circuit, an H-bridge, etc.) to pro-
duce two different voltages from a single battery string during
a commercial power failure with improved conversion effi-
ciencies. The dual voltages may permit the cell site 100 to
utilize both legacy and next-generation wireless protocols
even during a power failure. The utilization of a doubling
switching circuit is discussed in further detail with respect to
FIG. 6.

[0042] In addition, the cell site 100 may comprise a power
controller that provides management of multiple rectifiers.
The power controller rotates the rectifiers in and out of active
operation so that the rectifiers operate closer to capacity and
thus, more efficiently. The rotation also ensures that the runt-
ime of the various rectifiers is approximately equal and pro-
vides a way of testing the rectifiers for failures. The manage-
ment of multiple rectifiers is discussed in further detail with
respect to FIGS. 6-9.

[0043] As one example, the cell site 100 draws approxi-
mately 39 amperes of current (at approximately —56 volts)
while operating at full power. By enabling a half-rate codec
instead of a full-rate codec, the current draw decreases to
approximately 31 amperes. By additionally decreasing the
transmitter output power by 2 dB, the current draw decreases
to approximately 27 amperes. By additionally decreasing the
transmitter output power by another 2 dB, the current draw
decreases to approximately 24 amperes. In this example, a
commercial wireless communications service provider may
prefer the 27 ampere consumption level as a balance between
power consumption and system performance.

[0044] One skilled in the art will appreciate that although
illustrated in the context of a wireless telecommunications
environment, the invention may be practiced in any environ-
ment in which backup power serves a commercial, public, or
private operation or system reliant upon electrical power.
[0045] FIG. 2 is a diagram of an environment 290 in which
power conservation features may be practiced. As shown, the
environment 290 includes a cell site 200, a remote tilt mecha-
nism 130, and an antenna 192. FIG. 2 illustrates the relation-
ship between an elevation difference angle 210, a location
220, and a location 230. FIG. 2 is not drawn to scale.

[0046] As discussed above, the cell site 200 may be con-
figured to selectively tilt the antenna 192 to define, in part, its
RF coverage. As shown in FIG. 2, the tilt angle of the antenna
192 defines, in part, the communications range of the cell site
200. For example, if set at a first angle while the cell site 200
provides a constant RF output transmit power, the communi-
cations range may reach the location 220. However, if the
antenna 192 is up-tilted by the elevation difference angle 210,
the communications range may be extended to the location
230 for the same RF output transmit power. While the C/I for
communications with the cell site 200 may decrease, up-
tilting the antenna 192 may be employed with corresponding
RF output transmit power decreases to maintain a coverage
area while conserving power. Tilting of the antenna 192 may
be accomplished either by mechanically tilting the antenna
192 or by beam steering the elevation angle of the antenna
192.
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[0047] As one example of a communication system, the
antenna 192 may be up-tilted by approximately 4° during
normal operation. During a commercial power source outage,
the antenna 192 may be up-tilted by an elevation difference
angle 210 of approximately 2° (to approximately 6°) while
the RF output transmit power is reduced by 2 dB. In addition,
during an extended commercial power source outage, the
antenna 192 may be up-tilted by two times the elevation
difference angle 210 (to approximately 8°) while the RF
output transmit power is reduced by an additional 2 dB.
However, any other suitable elevation difference angles and/
or RF output transmit power reductions may be employed.

[0048] However, the elevation difference angles discussed
herein are merely provided as an example of elevation differ-
ence angles in one system. Such elevation difference angles
may depend on a vertical beam width, an azimuth angle,
environmental conditions, and/or the like for a particular
system and/or antenna. Other elevation difference angles may
be employed to provide and/or maintain coverage in a geo-
graphical area. Likewise, elevation difference angles may be
selected to adjust a handoff point at which a wireless device
may handoft from the cell site 200 to an adjacent or neigh-
boring cell site.

Tlustrative Communications System

[0049] FIG. 3 is a block diagram of a communications
system 390. The communications system 390 includes cell
site 200, remote tilt mechanism 130, antenna 192, system
controller 320, an operations and maintenance center
(“OMC”) 330, switch 340, base station controller 350, and
RNC 360. Cell site 200 includes base station 312, Node-B
314, commercial power interface 315, back-up power circuit
316, and antenna interface 319. The backup power circuit 316
includes battery circuit 317 and back-up generator 318. The
communications system 390 is illustrated as a GSM/UMTS
communications system, however, the invention is not limited
to GSM/UMTS communications systems. For example, the
invention may also be practiced in an LTE and/or other fourth
generation wireless environment.

[0050] The system controller 320 may be provided to con-
trol the communications system 390. For example, the system
controller 320 may be a computer system programmed to
control a core communications system, such as all or part of
the communications system in a metropolitan market, a
regional communications system, a commercial wireless
communications service provider’s entire network, etc. The
system controller 320 may also be an interface for manually
controlling the operations of a core communications system
or the like. As one example, the system controller 320 is a
computer system programmed to execute control scripts (e.g.,
Perl scripts, Tcl scripts, Python scripts, Ruby scripts, Lab-
VIEW scripts, etc.) to control the OMC 330 and/or other
elements. Likewise, a single system controller 320 may be
employed to control multiple OMCs.

[0051] Asillustrated, the OMC 330 is coupled to the system
controller 320, the switch 340, the base station controller 350,
the RNC 360, and the cell site 200. The OMC 330 may also be
configured to provide a centralized platform from which a
commercial wireless communications service provider may
monitor and control operational aspects of the elements of the
communications system 390. The OMC 330 may enable the
control of both radio elements and switching elements of the
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communications system 390. The OMC 330 may be config-
ured to manage any number of switches, base station control-
lers, RNCs, and cell sites.

[0052] The switch 340 may be coupled to the OMC 330, the
base station controller 350, and the RNC 360. For example,
the switch 340 may be configured to switch voice traffic from
one or more base station controllers to a public switched
telephone network (PTSN) or to a telephone switch such as a
SESS switch, a Private Branch Exchange switch, and/or the
like via signal VOICE. Likewise, the switch 340 may be
further configured to switch data from one or more RNCs to
a data network, to a router, to a switch, and/or the like via
signal DATA. Also, the switch 340 may include a mobile
switching center (MSC), a media gateway, a call gateway,
and/or the like.

[0053] The base station controller 350 may be coupled
between the switch 340 and the cell site 200 to control certain
operational aspects of the base station 312 of the cell site 200.
For example, the base station controller 350 may be config-
ured to control handoffs, network registration for mobile
devices, channel allocation, radio transmitter output power,
and/or the like. Likewise, the base station controller 350 may
be configured to adjust a C1 value based, at least in part, on
control from the system controller 320 or the OMC 330. The
base station controller 350 may be employed to control any
number of base stations.

[0054] The RNC 360 may be coupled between the switch
340 and the cell site 200 to control certain operational aspects
of'the Node-B 314 of the cell site 200. Also, the RNC 360 may
be employed to control any number of Node-Bs. As an
example, the RNC 360 may be a UMTS counterpart of the
base station controller 350.

[0055] As stated above, the cell site 200 may include base
station 312, Node-B 314, commercial power interface 315,
the backup power circuit 316, and antenna interface 319. The
backup power circuit 316 may include the battery circuit 317
and the backup generator 318. In typical communications
systems, the base station 312 and the Node-B 314 are config-
ured to provide a low-level radio interface to wireless devices
under the control of the base station controller 350 and the
RNC 360. For example, the base station 312 may provide
low-level GSM radio interfacing while the Node-B 314 pro-
vides low-level UMTS radio interfacing. Also, the cell site
200 may include limited command and control functionality
or no command and control functionality. Instead, the base
station controller 350 and/or the RNC 360 may provide such
functionality while the cell site 200 merely provides a physi-
cal layer interface to associated mobile devices. Node-B 314
may also be configured to provide tilt signal TILT to remote
tilt mechanism 130.

[0056] The commercial power interface 315 may receive
power from a commercial power source via line PRI_PWR
and provide the received commercial power to the base sta-
tion 312, the Node-B 314, and the backup power circuit 316.
The backup power circuit 316 may receive power from the
commercial power interface 315 to charge/recharge the bat-
tery circuit 316, and the backup power circuit 316 may pro-
vide power to the base station 312 and the Node-B 314 during
a power source’s periods of reduced availability.

[0057] The cell site 200 may also include the antenna inter-
face 319 to provide a physical interface between the base
station 312, the Node-B 314, and the antenna 192. For
example, the antenna interface 319 may be a smart bias tee
that is configured to physically interface the RF signals
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between the base station 312, the Node-B 314, and the
antenna 192. A smart bias tee may be further adapted to
provide power to a receiver preamplifier in the antenna 192.

[0058] In other examples, the antenna interface 319 may
include duplexers, diplexers, multiplexers, and/or the like.
Also, the antenna interface 319 may be omitted in certain cell
sites. For example, the base station 312 may be configured to
receive RF signals from the Node-B 314, and to couple these
and other RF signals to the antenna 192.

[0059] In operation, the communications system 390 is
configured to enable and disable various power conservation
features at the cell site 200 based, at least in part, on a power
source availability status, as discussed above. As one
example, power conservation features may be enabled and
disabled by the system controller 320 or the OMC 330. How-
ever, in other communications systems, power conservation
features may also be controlled by the switch 340, the base
station controller 350, the RNC 360, or within the cell site
200. Likewise, tilt signal TILT may be provided to the remote
tilt mechanism 130 from a suitably equipped base station 312
and/or the like.

Tlustrative Logical Diagram

[0060] FIG. 4 is a logical diagram of a radio shelf 400
usable in the base station 312 of FIG. 3. As shown, the radio
shelf 400 includes radios RADIO1-RADIOS. Each of radios
RADIO1-RADIOS includes logical slots SLOT1-SLOTS.

[0061] As discussed above, the cell site 200 may be con-
figured to reallocate communications between radios and
logical slots of the cell site 200 based, at least in part, on a
power source availability status and on environmental param-
eters.

[0062] As one example, RADIO1 is a broadcast control
channel (“BCCH”) radio that is configured to broadcast base
station identification, synchronization data, control informa-
tion, other data, and/or the like, over one or more BCCH
logical slots. In a typical system, these BCCH slots are broad-
cast at full power to provide increased visibility of the cell site
200 throughout its service area. Accordingly, other logical
slots of the BCCH radio and/or near the BCCH slot may
experience increased interference due to adjacent channel
interference, inter-symbol interference, and/or the like.

[0063] In one system, SLOT1-SLOT4 of RADIOI1 are
employed to transmit BCCH data while SLOTS5-SLOTS of
RADIO 1 are left unused, or employed to transmit lower
priority traffic. Lower priority traffic may include traffic that
does not substantially benefit from low latency transmission
and may include Short Message Service (SMS) messages,
wireless data, and/or the like. For example, such allocation
may improve C/I for other logical slots allocated to higher
priority voice traffic. Also, radios and logical slots allocated
to voice traffic may employ RF output transmit power control
on a per connection (e.g., voice call) or per logical slot basis
to increase the C/I for other logical slots.

[0064] However, during a period of reduced power source
availability, the benefits of increased C/I may be outweighed
by power conservation requirements. Accordingly, voice traf-
fic may be transmitted from the BCCH radio to reduce the
number of operating radios. Likewise, the bit-rate of voice
traffic may also be decreased to “pack” additional voice calls
onto the BCCH radio. For example, SLOTS5-SLOT8 of
RADIO1 may be employed to enable 8 half-rate voice calls.
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Iustrative Logical Flow Diagram

[0065] FIG.5 is alogical flow diagram of a process 500 for
conserving power in a communications system. For clarity,
the process 500 is described below as being performed by
particular elements of the communications system 390 of
FIG. 3. However, the process 500 may also be, for example,
performed by other processors, by other elements, or in other
systems whether such processors, elements, or systems are
described herein. In addition, the process 500 may be stored
in non-volatile memory.

[0066] Flowing froma startblock, processing begins at step
510 where the cell site 200 disables power conservation fea-
tures. For example, the system controller 320, the OMC 330,
the switch 340, the base station controller 350, and/or the
RNC 360 may instruct the cell site 200 to disable power
conservation features. As discussed above, the cell site 200
may operate with power conservation features disabled to
increase call quality and/or the like, while the cell site 200 is
powered from a commercial power source. In addition, the
OMC 330 or the system controller 320 may also clear alarms
at step 510.

[0067] At decision block 520, the cell site 200 determines
the availability of a power source. Also, the cell site 200 may
transmit an alarm to the OMC 330, report reduced availability
to the system controller 320, and/or the like. The cell site 200
may transmit the alarm, signal, or report on backend interface
120, on an over-the-air interface, and/or the like. Within the
cell site 200, the base station 312 may determine the power
source availability. However, in other cell sites, the Node-B
314 and/or other elements may determine the power source
availability status. If the cell site 200 determines that there is
reduced power source availability, processing flows to deci-
sion block 530. Otherwise, processing stays at decision block
520.

[0068] At decision block 530, the system controller 320 or
the OMC 330 determines if a first condition is met. Table 2,
below, includes some example of possible conditions.

TABLE 2

power conservation conditions.

1 a duration of reduced power source availability (e.g.,
zero minutes, 10 minutes, etc.)
2 the quantity (e.g., number or percentage) of cell sites,

sectors, radios, and/or the like experiencing reduced

power source availability

a status of a backup power supply

4 the load (e.g., number of connected calls, amount of data
traffic, volume of communications, etc.) on the cell site

w

[0069] The system controller 320 or the OMC 330 may
monitor these and other conditions. If the system controller
320 or the OMC 330 determines that the first condition is met,
it moves processing to step 540. Otherwise, it returns pro-
cessing to decision block 520.

[0070] In one system, the system controller 320 moves
processing to step 540 after the cell site 200 has operated from
backup power for 10 minutes, after a voltage of the backup
power supply changes to -54 volts, when five cell sites or
10% of cell sites in a geographical area experience reduced
power source availability, and/or the like. In another system,
the system controller 320 moves processing to step 540 after
the cell site 200 has operated from backup power for 15
minutes. Such a delay time may be employed to confirm
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and/or ensure that reduced power source availability is due to,
for example, a power outage. However, any other suitable
thresholds and/or conditions may be employed.

[0071] At step 540, the cell site 200 enables a first set of
power conservation features. As one example, the system
controller 320 may transfer traffic to the BCCH radio. In
another example, the system controller 320 may alternately or
additionally up-tilt the antenna 192 by approximately 2°
while reducing the RF output transmit power by 2 dB. In yet
another example, a cell site without an electrically tiltable
antenna may employ other power conservation. For example,
a cell site may reduce the transmit power for the BCCH radio
by 2 dB while adjusting a C1 value and/or a receiver access
minimum value to maintain the communications range of the
cell site while conserving power. Processing continues at
decision block 550.

[0072] Conditions may be selected from Table 2 and corre-
sponding power conservation factors may be selected from
Table 1 by a network administrator, defined in a configuration
or script file, dynamically determined via machine learning
(e.g., artificial intelligence), and/or the like.

[0073] Atdecision block 550, the cell site 200 determines if
there is reduced power source availability (e.g., an outage has
not ended). As discussed above, this determination may, for
example, be made by the base station 312 or the Node-B 314.
If the cell site 200 determines that there is reduced power
source availability, processing flows to decision block 560.
Otherwise, processing flows to step 510. Some or all of the
power conservation features may also remain enabled for a
period of time after the cell site 200 detects the end of the
reduced power source availability. Such a delay may be
employed to confirm and/or ensure that the power source is
providing stable power, to provide additional charging cur-
rent to a backup battery circuit, and/or the like. In one system,
a delay of 30 minutes is employed before processing flows to
step 510. However, no delay, or any other suitable delay, may
be employed in other systems.

[0074] Atdecision block 560, the cell site 200 determines if
a second condition has been met. As discussed above, this
determination may, for example, be made by the base station
312 or the Node-B 314. The second condition may include
conditions discussed above with regard to decision block 530
and Table 2. The system controller 320 or the OMC 330 may
be employed to determine if the second condition is met and
may employ different thresholds, combinations of condi-
tions, and/or the like to determine if the second condition is
met. If the system controller 320 or the OMC 330 determines
that the second condition is met, it moves processing to step
570. Otherwise, it returns processing to decision block 550.
[0075] In one system, the system controller 320 moves
processing to step 540 after the cell site 200 has operated from
backup power for 20 minutes, after the voltage of the backup
power supply changes to —52 volts, when seven cell sites or
5% of cell sites in a geographical area experience reduced
power source availability, and/or the like. However, any other
suitable thresholds and/or conditions may be employed.
[0076] Atstep 570, the cell site 200 enables a second set of
power conservation features. Step 570 may include enabling
additional power conservation features or may include chang-
ing parameters of the first set of power conservation features
to further increase power conservation, such as those selected
from Table 1, above.

[0077] As one example, the system controller 320 may
transfer traffic to the BCCH radio, up-tilt the antenna 192 by
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approximately 4°, and reduce the RF output transmit power 4
dB. Processing continues at decision block 550. Such a
change can reduce the total power consumption of a 15 trans-
ceiver cell site from approximately 40 amperes to approxi-
mately 27 amperes as approximately a 32% decrease in power
consumption while maintaining the cell site’s coverage area.
As discussed above, any other suitable elevation difference
angles may be employed.

[0078] Processing then continues at decision block 580
where the cell site 200 determines if there is reduced power
source availability (e.g., an outage has not ended). If the cell
site 200 determines that there is reduced power source avail-
ability, processing remains at decision block 580. Otherwise,
processing returns to block 510. As discussed above, some or
all power conservation features may remain enabled for a
period of time after cell site 200 detects the end of the reduced
power source availability.

Iustrative Cell Site System

[0079] FIG. 6 is a block diagram of a portion of a cell site
600. The cell site 600 includes a power controller 610, a
rectifier and switch circuit 630, a primary power interface
640, an alternate power interface 650, a battery circuit 660,
and a communications interface 680. The cell site 600 may be
employed as an embodiment of the cell site 100 of FIG. 1.

[0080] The power controller 610 is configured to control
the power systems of the cell site 600. As illustrated, the
power controller 610 is configured to receive or provide con-
trol signals 612, to receive status signals COM_STAT,
RECT_STAT, and BAT_STAT, and to provide output/control
signals RECT_CTL, BAT_CTL, and STATUS, as discussed
below.

[0081] The power controller 610 is configured to manage
and control the operation of the rectifier and switch circuit
630 and the battery circuit 660 based, at least in part, on the
various status and output/control signal inputs. For example,
when a primary power signal is available to the system, the
power controller 610 may utilize output/control signals
RECT_CTL and BAT_CTL to coordinate the charging and/or
testing of the battery circuit 660. When primary power signal
PRI_IN and/or alternate power signal ALT_IN fails (e.g.,
during a power outage), the power controller 610 may utilize
output/control signals RECT_CTL and BAT_CTL to route
battery power from the battery circuit 660 to the communi-
cations interface 660 and/or the power controller 610. As
another example, the power controller 610 may, in accor-
dance with an applicable rotation policy (described herein),
utilize output/control signals RECT_CTL to rotate which
rectifiers are in active, online operation within the rectifier
and switch circuit 630. The operation of the power controller
610 is discussed in further detail with regard to FIG. 7.

[0082] The rectifier and switch circuit 630 is configured to
selectively route power between and/or among the primary
power interface 640, the alternate power interface 650, the
battery circuit 660, the communications interface 680, and
the power controller 610. For example, the rectifier and
switch circuit 630 may be configured to selectively power the
communications interface 680 from one or more of the pri-
mary power interface 640, the alternate power interface 650,
and/or the battery circuit 660. In addition, the rectifier and
switch circuit 630 may be further configured to route opera-
tional power to the power controller 610 (power connection
line not shown).
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[0083] The power controller 610 may control the rectifica-
tion, switching, charging, and other operations of the rectifier
and switch circuit 630 via output/control signals RECT_
CTL. The rectifier and switch circuit 630 may be configured
to provide the status signals RECT_STAT to the power con-
troller 610, for example, to indicate the status of rectifiers,
inverters, chargers, switches, power source outputs, failure
conditions (e.g., rectifier failure, inverter failure, switch fail-
ure, excessive current draw, out of range inputs/outputs, etc.),
and/or the like. As one example, the status signals RECT_
STAT may provide an indication of the various output cur-
rents produced by one or more rectifiers in the rectifier and
switch circuit 630. The status signals RECT_STAT may be
provided to the power controller 610 to enable the power
controller 610 to adjust the operation of the rectifier and
switch circuit 630 based on these and other conditions such as
the status of the primary power signal PRI_IN, temperatures
in the cell site 100, the status of the alternate power signal
ALT_IN, and/or the like.

[0084] The rectifier and switch circuit 630 may include
switching devices of any type (e.g., field-effect transistors,
insulated gate bipolar transistors, junction field-effect tran-
sistors, bipolar-junction transistors, relays, transmission
gates, etc.) that are configured to selectively switch (e.g.,
route) power among the elements of the cell site 600. In
addition, the rectifier and switch circuit 630 may also include
one or more rectifiers configured to rectify AC power from the
primary power interface 640 and/or the alternate power inter-
face 650 to provide DC power to the communications inter-
face 680, the battery circuit 660, and/or the power controller
610.

[0085] Further, rectifiers, switches, and/or other circuitry of
the rectifier and switch circuit 630 may be configured to
selectively charge the battery circuit 660 from the primary
power interface 640 and/or the alternate power interface 650.
For example, the rectifier and switch circuit 630 may include
and/or be configured as a trickle charger, a constant current
charger, a constant voltage charger, a constant current/con-
stant voltage charger, a delta-V charger, and/or the like, and/
or a combination of these.

[0086] One suitable example of a rectifier and switch cir-
cuit 630 is described in greater detail below with respect to
FIG. 8.

[0087] The primary power interface 640 may be configured
to couple the primary power signal PRI_IN to the rectifier and
switch circuit 630 via a power signal PRI_PWR, for example,
to power the communications interface 680, to charge the
battery circuit 660, and/or the like. The primary power inter-
face 640 may include a circuit breaker, line filter, surge pro-
tector, power meter, and/or the like. However, in one embodi-
ment, the primary power interface 640 may simply be a wire
segment connecting the primary power signal PRI_IN to the
rectifier and switch circuit 630.

[0088] Likewise, the alternate power interface 650 may be
configured to receive power from an alternate energy source
and couple the received power to the rectifier and switch
circuit 630 via power signal ALT_PWR. For example, the
alternate power interface 650 may be configured to receive
DC power from a photovoltaic power source and/or a genera-
tor. As one example, the alternate power interface 650 may be
interfaced to a generator as discussed in further detail by U.S.
patent application Ser. No. 12/170,675, entitled “CELL SITE
POWER GENERATION;,” filed on Jul. 10, 2008. In other
examples though, the alternate power interface 650 may be
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configured to receive power from virtually any power source,
such as those discussed above.

[0089] The alternate power interface 650 may include a
circuit breaker, line filter, surge protector, power meter, and/
or the like. However, the alternate power interface 650 may
simply be a wire segment connecting alternate power signal
ALT_IN to the rectifier and switch circuit 630.

[0090] The battery circuit 660 is configured to store power
provided by the primary power interface 640 and/or the alter-
nate power interface 650 in any number of batteries or other
electrical energy storage devices (e.g., ultracapacitors, super-
capacitors, other capacitors, inductors, etc.), which may be
arranged in any combination of series configurations, parallel
configurations, and/or series and parallel configurations. In
one example, the battery circuit 660 includes multiple strings
of serially connected batteries. As illustrated, the battery cir-
cuit 660 is coupled to the rectifier and switch circuit 630 via
a battery power signal BAT_PWR. The battery circuit 660 is
also coupled to the power controller 610 via output/control
signals BAT_CTL and status signals BAT_STAT.

[0091] In one example, the battery circuit 660 has at least
one battery string that comprises four serially connected bat-
teries that together form a negative 48 volt (“V”) string that
has an approximate suitable float voltage of 54 V. In one
implementation, the battery circuit 660 comprises serially
connected absorbed glass mat (“AGM”) batteries that are
sealed valve-regulated, such as the SBS-S series or VRLA
batteries available from Storage Battery Systems® Inc. In
another implementation, the battery circuit 660 comprises
serially connected carbon nanotube (“CNT”) batteries. How-
ever, other batteries and/or energy storage devices such as
other types of AGM batteries, gel cell batteries, other deep
cycle batteries, flooded lead-acid batteries, nickel-metal-hy-
dride batteries, nickel-cadmium batteries, lithium-ion batter-
ies, lithium-polymer batteries, alkaline batteries, capacitors,
and/or the like, may also be suitably employed.

[0092] In one implementation, the battery circuit 660 is
configured to provide two different output signals each hav-
ing a different voltage. For example, the battery power signal
BAT_PWR may comprise two different battery power signals
that may be routed by the rectifier and circuit switch 630 to
power two different loads (e.g. two different subsystems of
the communications interface 680, such as a GSM subsystem
and a UMTS subsystem). For example, the battery power
signal BAT PWR may comprise a BAT PWR_ 24 signal
carrying a 24V signal and a BAT_PWR_ 48 signal carrying a
negative 48 V signal. In such implementations, the battery
circuit 660 comprises at least one string of serially connected
batteries having a native voltage (e.g., 24 V) and a doubling
switching circuit (e.g., an H-bridge coupled to a capacitor,
inductor or both) configured to produce an output that is
approximately double the native voltage of the battery string
(e.g., 48 V). Alternatively, the doubling switching circuit may
be implemented within the rectifier and switch circuit 630. In
these implementations, during a power failure, the native
voltage of the battery string may directly power those loads
that require a lower voltage power source (e.g., by providing
a24'Vvoltage source to a GSM subsystem viaa BAT PWR__
24 signal). In such implementations, during a power failure,
the power controller 610 may also produce a higher (i.e.,
doubled) voltage output signal at an output node by instruct-
ing an H-bridge or similar switching circuit (via output/con-
trol signals BAT_CTL and/or RECT_CTL) to up-convert the
voltage of the battery string by repeatedly coupling the output
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node (1) first, to a first end of the battery string, and (2)
second, to the other end of the battery string (with the polarity
reversed). The doubling switching circuit may further com-
prise a capacitor, inductor, and/or or other energy storage
device to store energy and to smooth out the doubled voltage.
[0093] For example, one string of multiple individual bat-
teries that together produce 24V at an output node may be
doubled by the switching circuit to produce 48V at a different
output node. Such control of individual battery strings may be
implemented by the BAT_CTL signal from the power control
610. In this way, for example, the power controller 610 may
provide a (positive or negative) 24 V voltage source to legacy
GSM subsystems viaa BAT_PWR_ 24 signal and a negative
48 V voltage source to next-generation UMTS or LTE sub-
systems via a BAT_PWR_ 48 signal. In such implementa-
tions, dueto a floating ground that is employed to facilitate the
voltage up-conversion, the two subsystems that utilize the
two different power signals must be electrically isolated.
Since switching circuits such as H-bridges have relatively low
losses, the conversion efficiency in such implementations
may be higher than other systems that utilize an inverter to
perform DC-DC conversion.

[0094] The battery circuit 660 may additionally comprise
one or more temperature sensors configured to provide mea-
sured temperatures in or near the battery circuit 660 to the
power controller 610 via battery status signals BAT_STAT so
that the power controller 610 may calculate or adjust operat-
ing, charging, or testing values and/or other parameters that
are temperature-dependent (e.g., the number of rectifiers to
operate, suitable float voltages, charging voltages or currents,
estimated battery charge, etc.).

[0095] The communications interface 680 is configured to
interface wireless devices to a back-haul 694 via an antenna
692. The communications interface 680 typically includes
both digital and RF electronics. In one embodiment, the com-
munications interface 680 includes an RF transceiver and
digital control circuitry. However, other components may
also be associated with a transceiver and/or other circuits. The
communications interface 680 is powered from the rectifier
and switch circuit 630 via line LOAD_PWR and is configured
to provide status signal COM_STAT to indicate an opera-
tional status such as failure of back-haul 694, the number of
wireless devices associated with cell site 600, power con-
sumption data, and/or the like.

Power Controller Examples

[0096] FIG. 7 is a block diagram of a power controller 710.
The power controller 710 includes a processor 714, a battery
circuit interface 716, a rectifier and switch circuit interface
780, and an operation, management, and control (OMC)
interface 720, and may be configured to receive or provide
control signals 712. The power controller 710 may be
employed as an embodiment of the power controller 610 of
FIG. 6. The power controller 710 may also be employed in
systems other than the systems of FIGS. 1-6.

[0097] As illustrated, the processor 714 is configured to
control the operations of the rectifier and switch circuit 630,
including selective switching and testing of rectifiers, via a
rectifier and switch circuit interface 780 and control signals
RECT_CTL. The processor 714 is also configured to receive
rectifier status signals RECT_STAT. In addition, processor
714 may interface with the battery circuit 660 (e.g., via bat-
tery circuit interface 716, battery status signals BAT_STAT,
and battery control signals BAT_CTL) to control the opera-
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tions of the battery circuit, including selective switching,
charging, testing, and power failure handling of battery
strings within the battery circuit. The processor 714 is further
configured to provide a status signal to a remote system (e.g.,
via OMC interface 720 and status signal STATUS).

[0098] The processor 714 is further configured to receive a
configuration signal CONFIG to represent a hardware con-
figuration, to set various threshold levels, operational param-
eters, and/or the like. Any number of configuration signals
may be provided. In one embodiment, configuration signals
are employed to represent the number and/or types of recti-
fiers in the rectifier and switch circuit 630, the alternate power
source coupled to the alternate power interface 650, the num-
ber of battery strings in the battery circuit 660, the types of
batteries in the battery circuit 660, the capacities of batteries
in the battery circuit 660, the desired output voltage at one or
more nodes for the battery strings, and/or the like. As another
example, a configuration signal may be provided to indicate
the load capacity of the rectifiers in the rectifier and switch
circuit 630, so that the processor 714 may more accurately
determine the number of active/online rectifiers needed to
provide efficient rectification.

[0099] As yet another example, a configuration signal is
employed to set or establish an applicable rotation policy or
schedule that specifies a set of preferences, policies, sched-
ules, procedures, and other information regarding how the
power controller 710 should perform the process 900 of FIG.
9 for managing the rectifier and switch circuit 630. For
example, a configuration signal may be employed to set vari-
ous rotation policy parameters and/or indicate how the power
controller 610 should calculate various rotation policy param-
eters, including: delta values; threshold values; metrics used;
a rectifier rotation or selection schedule, sequence, order, or
strategy; turn on delays; turn off delays; threshold tempera-
tures; current ranges; and/or testing times. The various rota-
tion policy parameters and methods for selecting or calculat-
ing these policy parameters are described in greater detail
herein with respect to FIG. 9.

[0100] The configuration signal CONFIG may be provided
from a switch (e.g., a DIP switch), pull-up resistors, pull-
down resistors, jumpers, and/or the like. Alternatively, similar
configuration information may be read by the processor 714
from a memory or be received from another processor.
[0101] Theprocessor 714 is also configured to receive vari-
ous status signals and provide various control signals as illus-
trated in FIG. 7 in order to manage and control the operation
of the rectifier and switch circuit 630. For example, status
signals COM_STAT, RECT_STAT and BAT_STAT may be
employed to represent the status of the communications inter-
face 680, the rectifier and switch circuit 630, and the battery
circuit 660, respectively. The processor 714 may also provide
control signals RECT_CTL, which may further comprise
three sets of multiple control signals described in greater
detail herein, including RECT_CTL_STATE signals to con-
trol the operational state (e.g., output voltage) of rectifiers
within the rectifier and switch circuit 630, RECT_CTL_SRC
signals to control which input power signal is rectified by the
rectifiers, and RECT_CTL_CPL signals to control which rec-
tifiers are coupled to a load. The various status signals and
control signals are described in additional detail with respect
to FIGS. 6 and 8.

[0102] The processor 714 may be a microprocessor, a
microcontroller, a digital signal processor (DSP), and/or the
like. However, in other embodiments, digital logic, analog
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logic, combinations of digital logic and analog logic, and/or
the like may also be employed instead of a processor. For
example, such embodiments may be implemented in a field-
programmable gate array (FPGA), in an application-specific
integrated circuit (ASIC), in other programmable logic
devices (PLDs), and/or the like.

[0103] A rectifier and switch circuit interface 780 is con-
figured to interface the processor 714 with the rectifier and
switch circuit 630 of FIG. 6. For example, the rectifier and
switch circuit interface 780 interfaces status signals RECT_
STAT from the rectifier and switch circuit 630 to the proces-
sor 714 (e.g., to sense the conditions of each rectifier in the
rectifier and switch circuit 630, such as output currents) and
interfaces the power controller 710 to rectifier control signals
RECT_CTL (e.g., to select which rectifiers in the rectifier and
switch circuit 630 are in active online operation). For
example, the rectifier and switch circuit interface 780 may
include multiplexers, drivers, buffers, logic gates, analog cir-
cuits, and/or other logic or circuitry to perform sampling,
multiplexing, demultiplexing, conversion, and/or the like. As
one example, the rectifier and switch circuit interface 780
includes an array of analog to digital converters (“ADCs”)
that are configured to digitize each of the status signals
RECT_STAT and drivers configured to drive each of rectifier
control signals RECT_CTL.

[0104] The battery circuit interface 716 is configured to
interface the processor 714 with the battery circuit 660 of
FIG. 6. For example, the battery circuit interface 716 inter-
faces battery status signals BAT _STAT from the battery cir-
cuit 660 to the processor 714 (e.g., to sense conditions of each
battery string in the battery circuit 660) and interfaces the
power controller 710 to battery control signals BAT_CTL
(e.g., to select which strings of the battery circuit 660 are
coupled to the rectifier and switch circuit 630). For example,
the battery circuit interface 716 may include multiplexers,
drivers, buffers, logic gates, analog circuits, and/or other logic
or circuitry to perform sampling, multiplexing, demultiplex-
ing, conversion, and/or the like. As one example, the battery
circuit interface 716 includes an array of ADCs that are con-
figured to digitize each of battery status signals BAT STAT
and drivers configured to drive each of battery control signals
BAT_CTL.

[0105] The OMC interface 720 is configured to interface
the processor 714 to a remote system, and to provide opera-
tional data regarding the cell site and/or the cell site power
system to the remote system. The OMC interface 720 may
include drivers, buffers, inverters, logic gates, network inter-
face units, multiplexers, and/or the like. Likewise, the OMC
interface 720 may be configured to multiplex the status signal
STATUS onto the back-haul 694 or may provide the status
signal STATUS as a discrete signal.

Example Rectifier and Switch Circuit

[0106] FIG. 8 is a schematic diagram of a portion of a
suitable rectifier and switch circuit 830, which may comprise
multiple rectifiers 860, rectifier source switches 865, and
rectifier load switches 870. The rectifier and switch circuit
830 may be employed as an embodiment of the rectifier and
switch circuit 630 of FIG. 6. The rectifier and switch circuit
830 may also be employed in systems other than the systems
of FIGS. 1-6.

[0107] As illustrated, the rectifier and switch circuit 830
includes six rectifiers 860A-F. Although six rectifiers are
shown, two or more rectifiers 860 may be employed in the
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rectifier and switch circuit 830. Each rectifier is configured to
rectify input power before providing itto a load. Each rectifier
may be rated or otherwise configured to provide a maximum
output current (or “capacity”) and/or maximum output volt-
age. In some examples, the rectifiers each have a capacity
between approximately 30 Amps (“A”) and 40 A. The various
rectifiers 860 may have different capacities; for example, the
rectifier and switch circuit 860 may comprise two 30 A rec-
tifiers 860, two 40 A rectifiers 860, and two 50 A rectifiers
860. As previously described, the power controller 610 may
control the operational state of each of the rectifiers (e.g.,
whether the rectifier is on/off, the output voltage, the output
current, and other operational parameters) via control signals
RECT_CTL_STATE (not shown in FIG. 7).

[0108] As shown, each rectifier 860 may be arranged in
series with a multi-position rectifier source switch 865 that
selectively couples the rectifier 860 to one or more rectifica-
tion input source signals, such as PRI_PWR or ALT_PWR.
As shown, each rectifier source switch 865 is controlled by a
control signal RECT_CTL_SRC (e.g., rectifier source switch
865 A is controlled by the control signal RECT_CTL_SRC
A). Each rectifier 860 may also be arranged in series with a
rectifier load switch 870 that selectively couples the rectifier
860 to a load line LOAD_PWR. As shown, each rectifier load
switch 870 is controlled by a control signal RECT_CTL_CPL
(e.g., rectifier load switch 870A is controlled by the control
signal RECT_CTL_CPL A). Rectifier source switches 865
and rectifier load switches 870 may be implemented by
switching devices of any type (e.g., field-effect transistors,
insulated gate bipolar transistors, junction field-effect tran-
sistors, bipolar-junction transistors, relays, transmission
gates, etc.). In some examples, one or more rectifier source
switches 865 and/or rectifier load switches 870 may be omit-
ted so that a rectifier 860 is directly and continuously coupled
to only a single input power signal and/or a single load.
[0109] When a new rectifier 860 is deployed within the
rectifier and switch circuit 830, the power controller 610 may
record the time and/or date of deployment in an index or other
data structure that correlates deployment times, failure times,
applicable warranty periods, serial numbers, and/or other
similar information. Alternatively, or additionally, the power
controller 610 may send this information to a remote moni-
toring location. In this way, the power controller 210, via
regular testing of the rectifiers 860, may detect when a recti-
fier 860 failure indicates that a warranty remedy is available
(e.g., a free replacement rectifier, free service, a refund, etc.)
and may take steps towards claiming any warranty remedy
(e.g., by notifying a remote monitoring location of the war-
ranty remedy and/or otherwise).

Example Process

[0110] FIG.9isalogical flow diagram of a suitable process
900 for managing the rectifier and switch circuit 630 having
multiple rectifiers 860. For clarity, the process 900 is
described below as being performed by the power controller
610 of FIG. 6. However, the process 900 may also be per-
formed by the processor 714 of the power controller 710,
another component of the cell site 100 or the cell site 200, or
another remote component (e.g., at a remote monitoring loca-
tion).

[0111] The process 900 may also be performed by other
processors, by other components, or in other systems,
whether or not such processors, components, or systems are
described herein. The process 900 may also be embodied on
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processor and/or computer readable media such as non-vola-
tile memory, volatile memory, and/or the like. The flow dia-
gram does not show all functions or exchanges of data, but
instead it provides an understanding of commands and data
exchanged under the system. Those skilled in the relevant art
will recognize that some functions or exchange of commands
and data may be repeated, varied, omitted, or supplemented,
and other (less important) aspects not shown may be readily
implemented.

[0112] Aspects of the invention may be stored or distrib-
uted on tangible or non-transitory computer-readable media,
including magnetically or optically readable computer discs,
hard-wired or preprogrammed chips (e.g., EEPROM semi-
conductor chips), nanotechnology memory, biological
memory, or other data storage media. Alternatively, computer
implemented instructions, data structures, screen displays,
and other data under aspects of the invention may be distrib-
uted over the Internet or over other networks (including wire-
less networks), on a propagated signal on a propagation
medium (e.g., an electromagnetic wave(s), a sound wave,
etc.) over a period of time, or they may be provided on any
analog or digital network (packet switched, circuit switched,
or other scheme).

[0113] In the process 900 of FIG. 9, the power controller
610 determines when and how to rotate rectifiers 860 into and
out of an online state and implements the determined rotation.
As described previously, during the process 900, the power
controller 610 may utilize a rotation policy that specifies a set
of preferences, policies, parameters, schedules, procedures,
and other information. A rectifier 860 is “online” when it is
both actively rectifying an input source and providing a
desired output voltage and current that powers a load; it is
“offline” when it is not. During the process 900, the power
controller 610, in accordance with a rotation policy or sched-
ule, may rotate rectifiers 860 in a manner that approximately
balances or equalizes the cumulative runtimes (e.g., the total
time spent in an online state) of the various rectifiers. By
balancing the runtimes, the process 900 may reduce the mean
time between failures for the rectifier and switch circuit 630,
which may reduce maintenance calls and/or cell site 100
outages. Additionally, balancing the runtimes may promote a
more even shelf temperature within the rectifier and switch
circuit 630. Furthermore, during the process 900, the power
controller 610 may rotate rectifiers 860 in a manner that runs
rectifiers close to their maximum output current (or “capac-
ity”), since typical rectifiers rectify more efficiently closer to
their maximum output current. By running the rectifiers
closer to capacity and thus more efficiently, the rectifier and
switch circuit 630 will consume less power and may produce
less heat, which in turn reduces the strain on cooling systems
and reduces the power needed to operate cooling systems at
the cell site 100.

[0114] Typical cell sites 100 utilize an “N+1” approach to
guard against rectifier failures. In an “N+1" approach, the cell
site 100 maintains online, at all times, the minimum number
of rectifiers necessary to approximately accommodate the
load demand plus at least one spare rectifier. Thus the online
rectifiers may operate less efficiently since they run well
below capacity due to the online spare. The typical approach
may result in extra heat (due in part to lower efficiencies) and
unnecessary wear of the rectifiers. In contrast, the process 900
may implement an “N+0” approach that permits a cell site
100 to maintain online only the minimum number of rectifiers
necessary to approximately accommodate the load demand,
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without keeping any spares online. The battery circuit 660
permits a cell site 100 to operate without an online spare,
since the battery circuit 660 can temporarily power the load in
the event that an online rectifier fails during operation. For
example, during short, peak periods of power demand (e.g.,
when the load power demand exceeds 105% of online recti-
fier capacity for less than five minutes), the battery circuit 660
may provide the needed excess power to the load in parallel to
the online rectifiers.

[0115] To illustrate the cost savings that may be realized by
running rectifiers more efficiently during the process 900,
consider that if the rectification efficiency of a rectifier and
switch circuit 630 increases from 80% efficiency to 90%
efficiency, there should be at least a 10% power reduction
realized, since less input current is required to produce the
same output current. Additionally, due to the improved effi-
ciencies, the heat generated by the rectifier and switch circuit
630 may also drop by 50%, which reduces the power needed
to cool the cell site 100 via cooling systems such as air
conditioning. Since as much as 28% of the power used at a
typical cell site 100 goes towards cooling systems, the total
power reduction realized may be much higher than simply a
10% reduction in input currents.

[0116] Alternatively, when temperatures in the cell site 100
or battery circuit 660 drop near the freezing point of the
battery circuit 660 (or near other undesirably low tempera-
tures), during the process 900, the power controller 610 may
rotate additional rectifiers 860 online so that the online recti-
fiers run at a lower efficiency and thus produce more heat to
keep the temperature of the battery circuit 660 or other com-
ponents above a freezing point.

[0117] During the process 900, the power controller may
also test the various rectifiers by determining, during periods
when two or more rectifiers are online, whether the online
rectifiers are demonstrating proper current balancing (e.g.,
that each is producing its proportionate share of the current
drawn by a load). Finally, by handling redundant rectifiers,
the process 900 may permit a cell site 100 to continue oper-
ating even if one or more rectifiers fail and may reduce the
number of maintenance or site visits needed to maintain the
cell site 600.

[0118] The process 900 of FIG. 9 begins at block 910,
where the power controller 610 monitors the current and/or
power demand of the rectifier and switch circuit 630 load
(e.g., the communication interface 680, cooling systems (not
shown), the power controller 610, and/or the battery circuit
660 loads), the temperature within and/or near the cell site
(including the temperature of the battery circuit 660) and/or
the state of the various rectifiers 860 (as determined by the
status signals RECT_STAT). To monitor the actual, present
load demand, the power controller 610 may monitor the out-
put currents and/or power provided by the various online
rectifiers 860 to the load and/or the output current/power
provided by the battery circuit 660, if it is also powering the
load in parallel to the rectifier and switch circuit 630. Alter-
natively or additionally, in order to determine the load
demand, the power controller 610 may monitor the input
current and/or power drawn by the load (e.g., by evaluating
the status signal COM_STAT and/or other status signals).
Additionally or alternatively, the power controller 610 may
estimate or predict the present load demand based on histori-
cal information, e.g., historical load demand information that
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correlates time, date, and/or environmental conditions (e.g.,
ambient temperature) to an estimated or predicted load
demand.

[0119] To monitor the temperature within the cell site 100,
the power controller 610 may evaluate the status signals
BAT_STAT to determine the temperature at one or more
locations in the battery circuit 660. Additionally or alterna-
tively, the power controller 610 may utilize other status sig-
nals, including COM_STAT, RECT_STAT, other status or
sensor signals not shown (e.g., status signals from a thermo-
stat or cooling system), and/or weather data or forecasts
received from a remote server to determine the temperature at
one or more points in or near the cell site 100. Additionally or
alternatively, the power controller 610 may evaluate various
status or sensor signals to determine other environmental
conditions that might affect the operation of the rectifier and
switch circuit 630 (e.g., humidity, dew point).

[0120] At decision block 920, the power controller 610
determines whether the load demand, cell site 100 tempera-
ture, an applicable rotation policy, a rectifier status and/or
other suitable factors necessitate a change or adjustment to
the number of rectifiers 860 that are online and/or an adjust-
ment to which particular rectifiers are online. If the power
controller 610 determines that these factors necessitate a rec-
tifier change, the process 900 proceeds to block 930, other-
wise the process 900 repeats starting at block 910.

[0121] Table 3, below, includes some examples of possible
conditions at decision block 920 that would necessitate a
change or adjustment to the number of rectifiers 860 that are
online and/or an adjustment to which particular rectifiers are
online. These examples are described in greater detail herein.

TABLE 3

Example conditions that necessitate a change to the online rectifiers.

1 A sustained increase in load demand indicates one or
more additional or different rectifiers 860 should come
online to provide additional power capacity.

2 A sustained decrease in load demand indicates one or
more rectifiers 860 should come offline to improve
efficiency.

3 A rectifier rotation is mandated by a prescribed or

calculated rotation policy or schedule that aims to
balance the runtimes of the various rectifiers and/or to
facilitate rectifier testing.

4 The temperature in the battery circuit 660 necessitates a
change in the number or type of rectifiers 860 that are
operating online.

5 A failed or anomalous rectifier should be taken
permanently or temporarily oftline.

[0122] Asafirst example, at block 920 the power controller
610 may determine whether a sustained increase in load
demand indicates that it should bring one or more additional
or different rectifiers 860 online to provide additional power
capacity. In some implementations, the power controller 610
may determine whether the load demand has increased in a
sustained fashion by evaluating whether the average load
amperage during a time window increased by a particular
delta amount since a prior time window or whether the aver-
age load amperage during the time window has exceeded a
threshold value. Alternatively, or additionally, the power con-
troller 610 may determine whether other metrics, such as the
median, maximum, or minimum amperage observed over a
time window or over a moving time window has increased by
a particular delta amount or exceeded a threshold value.
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[0123] The power controller 610 may set a difference or
delta amount to a predetermined percentage of the maximum
output current of an individual rectifier (e.g., 2 A, which is 5%
of'the capacity of a single 40 A rectifier) or the maximum total
output current of all of the online rectifiers (e.g., 4 A, which is
5% of the capacity of two online 40 A rectifiers).

[0124] The power controller 610 may alternatively or addi-
tionally utilize a threshold value that is set to a predetermined
percentage of the maximum total output current of all of the
online rectifiers (e.g., 84 A, which is 105% of the 80 A
capacity of two online 40 A rectifiers), to an amperage value
that corresponds to an estimated efficiency of the rectifier and
switch circuit 630 (e.g., to correspond to an estimated 90%
efficiency), and/or to a value that reflects the ability or capac-
ity of the battery circuit 660 to provide supplementary power
above the maximum output of the online rectifiers.

[0125] Although the power controller 610 has been
described as evaluating the average amperage over a particu-
lar time window, in other implementations, the power con-
troller 610 may use other metrics, such as the median, maxi-
mum, or minimum amperage observed over a time window to
determine whether an increase in load demand necessitates
the addition or substitution of rectifiers.

[0126] The power controller 610 sets or receives the length
of the time window used to calculate average load amperage
(or other metrics) to a predetermined turn on delay value,
which in some examples is chosen to be between approxi-
mately 5 and 30 minutes, and in one implementation is 25
minutes, although other delays are possible based on the
specific configuration and needs at the cell site. The power
controller 610 may additionally or alternatively adjust the
turn on delay based on other suitable factors, such as the
present or predicted load demands, the ability or capacity of
the battery circuit 660 to provide power that supplements the
output of the rectifier and switch circuit 630, the time of day
or date, what input power source is being rectified (e.g.,
PRI_PWR or ALT_PWR), and/or other operational param-
eters or conditions.

[0127] Ifthe power controller 610 determines that the load
demand has increased in a sustained fashion, the power con-
troller 610 may determine the number of additional rectifiers
it should bring online in order to ensure that the rectifier and
switch circuit 630 is supplying the load with sufficient opera-
tional power. The power controller 610 may determine the
number of rectifiers to add based on the increase in load
demand as determined by the power controller 610, the
capacity and efficiency of the rectifiers, the time of day, date,
battery circuit temperature, and/or any other suitable factors.
As a first example, if the load demand increased by 2 A (5%
of' a 40 A rectifier capacity) and all the rectifiers 860 have
equal capacity (40 A) and are operating at over 90%, the
power controller 610 may determine that it should add one
additional rectifier 860. Additionally or alternatively, the
power controller 610 may determine whether it should sub-
stitute one or more rectifiers having a different capacity for
one or more online rectifiers. As a second example, if a
rectifier with a 40 A capacity is currently online, but the load
has been drawing 45 A on a sustained basis, the power con-
troller 610 may determine that it should take the 40 A rectifier
offline and bring an available 50 A rectifier online.

[0128] One having skill in the art will appreciate that if all
rectifiers are currently online, the power controller 610 can-
not add an additional rectifier, despite a sustained increase in
load demand.
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[0129] As a second example, at block 920, the power con-
troller 610 may determine whether a sustained decrease in
load demand indicates that it should take one or more recti-
fiers offline in order to improve efficiency by running each
online rectifier closer to its maximum output. In some imple-
mentations, the power controller 610 may determine whether
load demand has decreased in a sustained fashion by evalu-
ating whether the average load amperage during a time win-
dow decreased by a particular delta amount since a prior time
window, or whether the average amperage during the time
window has fallen below a threshold value. The power con-
troller 610 may set a delta amount to a predetermined per-
centage of the maximum output current of an individual rec-
tifier (e.g., 2 A, which is 5% of the capacity of a single 40 A
rectifier) or the maximum total output current of all of the
online rectifiers (e.g., 4 A, which is 5% of the capacity of two
online 40 A rectifiers).

[0130] The power controller 610 may additionally or alter-
natively utilize a threshold value set to a predetermined per-
centage of a total output current or power of all of the online
rectifiers (e.g., 95% of total capacity), to an amperage value
that corresponds to an estimated efficiency of the rectifier and
switch circuit 630 (e.g., a value that corresponds to an esti-
mated 90% efficiency), and/or to a value that reflects the
ability or capacity of the battery circuit 660 to provide supple-
mentary power above the maximum output of the online
rectifiers.

[0131] The power controller 610 may set the length of the
time window used to calculate average load amperage (or
other metrics) to a predetermined turn off delay value, which
in some examples is chosen to be between 5 and 30 minutes.
The power controller 610 may additionally or alternatively
adjust the turn off delay based on other suitable factors, such
as those described previously as being suitable for adjusting a
turn on delay.

[0132] Ifthe power controller 610 determines that the load
demand has decreased in a sustained fashion, the power con-
troller 610 may determine the number of currently online
rectifiers that it should take offline. The power controller 610
may determine the number of rectifiers to take oftline based
on the decrease in load demand as determined by the power
controller 610, the capacity of the rectifiers, the time of day,
date, battery circuit temperature, and/or any other suitable
factors. As a first example, if the load demand decreased by 2
A (e.g., 5% of a 40 A rectifier) and all the rectifiers 860 have
equal capacity (40 A), the power controller 610 may deter-
mine that it should take one rectifier offline. Additionally or
alternatively, the power controller 610 may determine
whether it should substitute one or more rectifiers with a
different capacity for one or more online rectifiers in order to
balance rectifiers to load to increase efficiency (e.g., to 90%).
For example, if a rectifier with a 50 A capacity is currently
online, but the load has drawn 35 A on a sustained basis, the
power controller 610 may determine that it should take the 50
A rectifier offline and bring a 40 A rectifier online.

[0133] Onehaving skill in the art will appreciate that if only
one rectifier is online and no smaller rectifiers are available,
the power controller 610 will typically not take the single
rectifier offline, despite a sustained decrease in load demand
since it must continue to power the load in some fashion.
[0134] As a third example, at block 920, the power control-
ler 610 may determine whether, regardless of whether the
load demand has changed, it should rotate one or more online
rectifiers offline in accordance with an applicable rotation
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policy or schedule that aims to balance or equalize the runt-
imes of the various rectifiers and/or to facilitate rectifier test-
ing. For example, in accordance with an applicable rotation
policy, the power controller 610 may rotate each rectifier
offline after it has provided service online for one hour, four
hours, a day, a week, etc. The online period used may depend
on the number of rectifiers that are suitable for online service
(e.g., the period may be 24 hours divided by the number of
functional rectifiers).

[0135] Alternatively, or additionally, in accordance with an
applicable rotation policy, the power controller 610 may
evaluate information relating to the actual historical runtime
of each rectifier 860 to determine whether a rectifier rotation
is needed to help balance the runtimes of the various rectifiers.
For example, the power controller 610 may evaluate a log
reflecting when various rectifiers were online or their cumu-
lative time online. For example, if a new rectifier was recently
added to the rectifier and switch circuit 630, a rotation policy
may dictate that it remain online for 3 hours at a stretch while
older rectifiers remain online for only 1 hour until the cumu-
lative runtime of the new rectifier approximately matches the
cumulative runtime of the older rectifiers. As another
example, if a new rectifier 860 was recently added to the
rectifier and switch circuit 630, a rotation policy may dictate
that for a certain number of rotation cycles (e.g., 1000 round-
robin cycles as described herein), the new rectifier is the first
rectifier turned on and the last one turned off and/or the new
rectifier otherwise has a higher duty cycle than the older
rectifiers.

[0136] As a fourth example, at block 920, the power con-
troller 610 may determine that the temperature in the battery
circuit 660 (or elsewhere in the cell site 100 or its environ-
ment) necessitates a change in the number or type of rectifiers
860 that are operating online. For example, during cold
weather, if the temperature in the battery circuit 660 drops
below a certain threshold (e.g., within 5 degrees of the freez-
ing temperature of the batteries in the battery circuit 660), the
power controller 610 may determine that it should bring one
or more additional rectifiers 860 online to ensure that the
online rectifiers run at a lower efficiency and thus produce
more heat to keep the batteries from freezing. As another
example, when a cold spell ends, if the temperature in the
battery circuit 660 rises above a certain threshold (e.g., more
than 5 degrees above the freezing temperature of the batteries
in the battery circuit 660), the power controller 610 may
determine that it should take one or more rectifiers offline
(unless the load demand necessitates otherwise) to improve
efficiency and obviate the need for air conditioning, heat
exchangers, or similar cooling techniques.

[0137] As a fifth example, at block 920, the power control-
ler 610 may determine that it should take a failed or anoma-
lous rectifier permanently or temporarily offline. For example
if the status signals RECT_STAT indicate that an anomalous
rectifier 860 is producing an unbalanced or unequal current
when compared to other rectifiers, the power controller 610
may determine that it should take the anomalous rectifier
offline and replace it with a fully functional rectifier.

[0138] These examples of conditions that might necessitate
a change to the online rectifiers are intended to be illustrative,
not exhaustive. In some examples, the power controller 610
may determine, in accordance with an applicable rotation
policy, that a combination of these example conditions also
necessitates a change in the online rectifiers. For example, if
load demand has dropped and the temperature has risen (and/

Jun. 11, 2015

or remained above a threshold), the power controller 610 may
determine that it should reduce the number of online rectifiers
to improve efficiency and avert the need for power-intensive
air-conditioning or heat exchanging. As another example, if
load demand has risen and an online rectifier is due for a
scheduled rotation out of online duty, the power controller
610 may determine that rotating in a larger rectifier may
facilitate both higher capacity and the scheduled rotation. In
some other examples, the power controller 610 may deter-
mine that, in accordance with an applicable rotation policy, a
combination of these example conditions has counteracting
effects, which indicate that the power controller 610 should
maintain the current arrangement of online rectifiers. For
example, if the load demand has decreased in a sustained
fashion, but the temperature in the battery circuit 660 has also
dropped precipitously, the power controller 610 may deter-
mine that despite lower rectification efficiencies, it should
keep all of the currently online rectifiers on duty so that the
batteries will not freeze.

[0139] At block 930, the power controller 610 selects
incoming rectifiers in accordance with an applicable rotation
policy. The power controller 610 may select incoming recti-
fiers if it determines that it should add additional or different
rectifiers due to a sustained change (e.g., increase) in load
demand, an undesired decrease in temperature, an applicable
rotation policy, a rectifier failure and/or similar events. The
power controller 610 may select the incoming rectifiers on the
basis of any suitable factors including: past, present, and/or
predicted future load demands, the capacity of various online
and offline rectifiers, the state or condition of various online
and offline rectifiers (e.g., whether a rectifier has failed test-
ing), the temperature and/or environmental conditions, the
cumulative runtime of the various online and offline rectifiers,
apredetermined or calculated rotation policy or schedule, the
age of the rectifiers, etc.

[0140] Inoneimplementation, in accordance with an appli-
cable rotation policy, the power controller 610 selects the
incoming rectifiers so that it rotates the rectifiers on a first-
on/first-off, round-robin basis, so that during a single round-
robin cycle, each rectifier is replaced by every other rectifier
at least once. Such an approach approximately balances the
runtimes of the various rectifiers. It also permits each rectifier
to be tested or compared against each of the other rectifiers at
least once during a handoff period. Such testing is described
in greater detail herein at block 960. Of course, other rotation
cycles for rectifiers may be used.

[0141] As an example, if the power controller 610 has six
functional and equally sized rectifiers (e.g. rectifiers 860A-
860F) at its disposal, in accordance with a round-robin rota-
tion policy, during one day it may run rectifiers 860A-B
during an early morning low-demand period, 860A-D during
a mid-morning high-demand period, rectifiers 860C-D dur-
ing a midday low-demand period, rectifiers 860C-F during an
afternoon high-demand period, and rectifiers 860E-F during
an evening low-demand period. In subsequent days, in accor-
dance with the same rotation policy, the power controller 610
may incrementally shift the pairings and/or sequence utilized
(e.g., first by one rectifier, then by two rectifiers, etc.) to
ensure that each possible combination of incoming and out-
going rectifiers is utilized.

[0142] One having skill in the art will appreciate that many
suitable round-robin selection techniques and algorithms
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may be utilized to accomplish the same goals of testing and
comparing rectifiers and approximately balancing the runt-
imes.

[0143] Additionally or alternatively, in accordance with an
applicable rotation policy, if the rectifier and switch circuit
630 has rectifiers 860 with different capacities, the power
controller 610 may select incoming rectifiers in order to
adjust the capacities of the online rectifiers and optionally, to
implement a round-robin rotation policy. For example, the
rectifier and switch circuit 630 may have two 25 A rectifiers,
two 40 A rectifiers, and two 100 A rectifiers. In the example,
the power controller 610 may determine that under the
present load demands, a high rectification efficiency would be
achieved by replacing a 100 A online rectifier with one 40 A
rectifier and one 25 A rectifier. The power controller 610 may
then determine which 40 A rectifier and 25 A rectifier are next
scheduled for inward rotation under a round-robin policy. As
another example, the power controller 610 may determine
that it needs to raise the temperature of the battery circuit 660
by five degrees to avert freezing the batteries. The power
controller 610 may then determine that given the present load
demand (e.g., 50 A), it should replace two 40 A rectifiers with
a 100 A rectifier in order to generate the heat necessary to
raise the temperature accordingly.

[0144] In other implementations, the power controller 610
may select incoming rectifiers on a random or semi-random
basis or another strategy that on average, distributes the runt-
ime of the various rectifiers fairly uniformly and/or permits
the various rectifiers to be tested against one another.

[0145] At block 940, the power controller 610 selects out-
going rectifiers in accordance with an applicable rotation
policy. The power controller 610 may select outgoing recti-
fiers if it determines that it should take currently online rec-
tifiers offline due to a sustained change (e.g., decrease) in load
demand, an undesired increase in temperature, an applicable
rotation policy, rectifier failure and/or similar events. The
power controller 610 may select the outgoing rectifiers on the
basis of any suitable factors including those discussed previ-
ously at block 930. The power controller 610 may select
outgoing rectifiers in conjunction with selecting incoming
rectifiers at block 930 using any of the methods described
previously with respect to block 930. For example, the power
controller 610 may select outgoing rectifiers to accomplish a
rotation of the rectifiers on a first-on/first-off, round robin
basis, to adjust the capacities of the online rectifiers, or on a
random or semi-random basis.

[0146] At block 950, the power controller 610 brings the
selected incoming rectifiers online. The power controller 610
may bring the selected incoming rectifiers online by com-
manding the incoming rectifiers (via a control signal such as
RECT_CTL_STATE), to turn on, wake up from a sleep or
standby mode, and/or begin rectifying an input power signal
to a particular DC output voltage and/or particular output
current and/or in accordance with other selected output
parameters. For example, the power controller 610 may com-
mand the incoming rectifiers to raise their output voltage to
the level of the online rectifiers and to activate current sharing
alarms.

[0147] Insome implementations, the power controller 610
may additionally or alternatively bring an incoming rectifier
online by coupling the incoming rectifier to an input power
source signal (e.g., PRI_PWR or ALT_PWR) using a control
signal such as RECT_CTL_SRC. In still other implementa-
tions, the power controller 610 may additionally or alterna-
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tively bring an incoming rectifier online by coupling the
incoming rectifier to a load using a control signal such as
RECT_CTL_CPL. In order track the runtimes of the rectifiers
860, at block 950, the power controller 610 may also record
and/or transmit (e.g., to a remote monitoring location) the
approximate time that it brings an incoming rectifier online.
[0148] At block 960, the power controller 610 determines
how much current each online rectifier is providing to the
load. The power controller 610 typically determines the cur-
rent provided by each of the online rectifiers, including those
that the power controller 610 selected at block 940 to come
offline at block 970. The power controller 610 may make this
determination by evaluating status signals such as RECT_
STAT to determine the average amperage of each online
rectifier during a particular time window. Additionally or
alternatively, the power controller 610 may determine other
current metrics (e.g., peak current, median current, etc.) dur-
ing the time window by evaluating status signals. The power
controller 610 may additionally store determined currents
and or other metrics in memory for later retrieval and/or send
these values to a remote monitoring location (e.g., using the
OMC interface 720 to send the information via the status
signal STATUS).

[0149] At block 960, the power controller 610 may addi-
tionally test the online rectifiers by comparing the currents
provided by the various online rectifiers to determine if the
currents are approximately balanced in an expected manner.
The expected current balance may depend on the specifica-
tions and operational parameters of the online rectifiers. For
example, if all of the online rectifiers are the same model and
configured to operate in an identical fashion, the power con-
troller 610 may expect approximately equal currents from all
of'the online rectifiers and may thus verify whether the actual
determined currents are in fact roughly equal (e.g., all fall
within a particular range, e.g., within 5% of each other). If the
power controller 610 detects an anomalous current (e.g., a
current that is lower or higher than an expected value by a
specified percentage or value), it may take additional steps,
such as determining whether any of the online rectifiers have
previously experienced an anomalous current (e.g., by
accessing previously stored values or querying a remote
monitoring location), disabling or replacing the anomalous
rectifier with another, storing the determined anomaly in
memory, and/or reporting the anomaly to a remote monitor-
ing location (e.g., using the OMC interface 720 to send the
information via the status signal STATUS).

[0150] By detecting and optionally recording current
anomalies and/or runtimes, the power controller 610, other
system components, or a remote monitoring location may be
able to determine whether a pattern of rectifier failure
emerges (e.g., whether a particular lot of rectifiers fails at
unusually high rates and/or fails after very little active use)
and/or whether warranty remedies (e.g., refunds or replace-
ment rectifiers) are available.

[0151] The power controller 610 sets the length of the time
window used at block 960 to calculate average load amperage
(or other metrics) to a predetermined or calculated testing
time value, which in some examples is approximately 1
minute. The power controller 610 may additionally or alter-
natively adjust the testing time value based on other suitable
factors, such as those described previously as being suitable
for setting a turn on delay value, the specifications of the
various rectifiers, and/or the operational settings of the vari-
ous rectifiers. For example, the testing time value may be



US 2015/0163735 Al

chosen so that all of the incoming rectifiers have an opportu-
nity to reach a stable output after startup.

[0152] At block 970, the power controller 610 takes the
selected outgoing rectifiers offline after the testing time has
elapsed. The power controller 610 may also wait an additional
amount of time beyond the testing time, e.g., to ensure that the
incoming rectifiers are demonstrating expected currents that
suggest they are functioning fully and/or to correct or replace
any non-functional incoming rectifiers. The power controller
610 may take the selected outgoing rectifiers offline by com-
manding an outgoing rectifier to power off, to go into a
sleep/standby mode, to stop rectifying an incoming power
signal, to reduce its output voltage to a much lower voltage
than online rectifiers (e.g., 5V lower than online rectifiers), to
lower the maximum output current, and/or to turn off rectifier
alarms (e.g., current sharing alarms) that produce a notifica-
tion that currents are unbalanced, using a control signal such
as RECT_CTL_STATE. In some implementations, the power
controller 610 may additionally or alternatively take a
selected outgoing rectifier offline by decoupling the outgoing
rectifier from an input power source signal (e.g., PRI_PWR or
ALT_PWR)using a control signal suchas RECT_CTIL_SRC.
In some implementations, the power controller 610 may addi-
tionally or alternatively take a selected outgoing rectifier
offline by decoupling the outgoing rectifier from a load using
a rectification control signal such as RECT_CTL LOAD. In
order to permit tracking of the runtimes of the rectifiers, the
power controller 610 may record and/or transmit (e.g., to a
remote monitoring location) the approximate time that it
takes an outgoing rectifier offline.

[0153] After block 970, the power controller 610 repeats
the process 900 starting at block 910, by monitoring the load
demand and temperature.

[0154] Although process 900 has been described as adjust-
ing the configuration of online rectifiers “on the fly” or in
real-time, one having skill in the art will appreciate that the
power controller 610 may instead implement a predetermined
or programmed rotation that anticipates forecasted or
expected peak, average and low power demand periods. In
such implementations, the battery circuit 660 may readily
supplement the online rectifiers as needed if unexpected peak
periods occur.

CONCLUSION

[0155] Unless the context clearly requires otherwise,
throughout the description and the claims, the words “com-
prise,” “comprising,” and the like are to be construed in an
inclusive sense, as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not limited
t0.”” As used herein, the terms “connected,” “coupled,” or any
variant thereof means any connection or coupling, either
direct or indirect, between two or more elements; the cou-
pling or connection between the elements can be physical,
logical, or a combination thereof. Additionally, the words
“herein,” “above,” “below,” and words of similar import,
when used in this application, refer to this application as a
whole and not to any particular portions of this application.
Where the context permits, words in the above Detailed
Description using the singular or plural number may also
include the plural or singular number respectively. The word
“or,” in reference to a list of two or more items, covers all of
the following interpretations of the word: any of the items in
the list, all of the items in the list, and any combination of the
items in the list.
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[0156] The above Detailed Description of examples of the
invention is not intended to be exhaustive or to limit the
invention to the precise form disclosed above. While specific
examples for the invention are described above for illustrative
purposes, various equivalent modifications are possible
within the scope of the invention, as those skilled in the
relevant art will recognize. For example, while processes or
blocks are presented in a given order, alternative implemen-
tations may perform routines having steps, or employ systems
having blocks, in a different order, and some processes or
blocks may be deleted, moved, added, subdivided, combined,
and/or modified to provide alternative or subcombinations.
Each of these processes or blocks may be implemented in a
variety of different ways. Also, while processes or blocks are
at times shown as being performed in series, these processes
or blocks may instead be performed or implemented in par-
allel, or may be performed at different times. Further any
specific numbers noted herein are only examples: alternative
implementations may employ differing values or ranges.
[0157] The teachings of the invention provided herein can
be applied to other systems, not necessarily the system
described above. The elements and acts of the various
examples described above can be combined to provide further
implementations of the invention. Some alternative imple-
mentations of the invention may include not only additional
elements to those implementations noted above, but also may
include fewer elements.

[0158] Any patents and applications and other references
noted above, including any that may be listed in accompany-
ing filing papers, are incorporated herein by reference.
Aspects of the invention can be modified, if necessary, to
employ the systems, functions, and concepts of the various
references described above to provide yet further implemen-
tations of the invention.

[0159] These and other changes can be made to the inven-
tion in light of the above Detailed Description. While the
above description describes certain examples of the inven-
tion, and describes the best mode contemplated, no matter
how detailed the above appears in text, the invention can be
practiced in many ways. Details of the system may vary
considerably in its specific implementation, while still being
encompassed by the invention disclosed herein. As noted
above, particular terminology used when describing certain
features or aspects of the invention should not be taken to
imply that the terminology is being redefined herein to be
restricted to any specific characteristics, features, or aspects
of'the invention with which that terminology is associated. In
general, the terms used in the following claims should not be
construed to limit the invention to the specific examples dis-
closed inthe specification, unless the above Detailed Descrip-
tion section explicitly defines such terms. Accordingly, the
actual scope of the invention encompasses not only the dis-
closed examples, but also all equivalent ways of practicing or
implementing the invention under the claims.

[0160] To reduce the number of claims, certain aspects of
the invention are presented below in certain claim forms, but
the applicant contemplates the various aspects of the inven-
tion in any number of claim forms. For example, while only
one aspect of the invention is recited as a means-plus-function
claim under 35 U.S.C. §112, 96, other aspects may likewise
be embodied as a means-plus-function claim, or in other
forms, such as being embodied in a computer-readable
medium. (Any claims intended to be treated under 35 U.S.C.
§112, 96 will begin with the words “means for”, but use of the
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term “for” in any other context is not intended to invoke
treatment under 35 U.S.C. §112, 96.) Accordingly, the appli-
cant reserves the right to pursue additional claims after filing
this application and to pursue such additional claim forms, in
either this application or in a continuing application.

I claim:

1. A non-transitory computer-readable medium carrying
instructions that, when performed by a processor, perform a
method for conserving power in a wireless communications
system, the method comprising:

detecting a reduced availability of a power source for the
wireless communications system,
wherein the wireless communication system forms part

of a wireless telecommunications network;
monitoring current drawn by the wireless communications
system,
wherein the wireless communications system has at
least one online rectifier,
wherein the at least one online rectifier rectifies an
input source and provides an output voltage and
current to the wireless communications system,
wherein the wireless communications system has at
least one offline rectifier,
wherein the at least one offline rectifier does not rec-
tify an input source and does not provide an output
voltage and current to the wireless communications
system,

selecting, in accordance with a rotation policy or when
detecting a reduced availability of the power source, at
least one rectifier to bring online or at least one rectifier
to take offline; and

switching, in accordance with the rotation policy, at least
one rectifier online or offline.

2. The non-transitory computer-readable medium of claim

1, wherein the rotation policy includes taking one rectifier
offline by determining whether a sustained drawn current has
decreased during a time window.

3. The non-transitory computer-readable medium of claim
1, wherein the rotation policy prescribes a first on/first off
round-robin rectifier rotation.

4. The non-transitory computer-readable medium of claim
1, further comprising:

determining whether the drawn current or the rotation
policy necessitates a scheduled rectifier rotation that
approximately balances runtimes of the rectifier.

5. The non-transitory computer-readable medium of claim

1, further comprising:

comparing the currents of online rectifiers to test the online
rectifiers for failures.

6. A system for conserving power in a wireless communi-

cations system, comprising:

a memory;

a processor;

a module configured to detect a reduced availability of a
power source for the wireless communications system,
wherein the wireless communication system forms part

of a wireless telecommunications network;

amodule configured to monitor current drawn by the wire-
less communications system;

an antenna module configured to instruct a tilt mechanism
of'an antenna in the wireless communications system;

a module configured to control an RF output transmit
power level for the antenna;
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a module configured to control a communications bit rate
for the wireless communications system;

amodule configured to transfer communications to another
wireless communications system,
wherein the other wireless communication system

forms part of another wireless telecommunications
network; and

a module configured to reallocate communications
between radios and logical slots of the wireless commu-
nications system based on power source availability.

8. The system of claim 6, wherein the antenna module
configured to instruct the tilt mechanism of the antenna
includes instructions for mechanically up-tilting the antenna.

9. The system of claim 6, wherein the antenna module
configured to instruct the tilt mechanism of the antenna
includes instructions to tilt the antenna by beam-steering.

10. The system of claim 6, further comprising:

a full-rate codec, an enhanced full-rate codec, a half-rate
codec, or one or more modes of an adaptive multi-rate
codec.

11. The system of claim 6, wherein the module for control-
ling the communications bit rate includes instructions for
adjusting of a discontinuous transmission (DTX) threshold.

12. A method for conserving power in a wireless commu-
nications system with a cell site, the method comprising:

detecting a reduced availability of a power source;

determining a status for back-up power for the cell site
during reduced availability;

enabling at least two power conservation features during
the reduced availability of a power source, wherein the at
least two power conservation features include two or
more of the following:
adjusting an RF coverage of an antenna,
adjusting an RF output transit power level,
adjusting communications bit rate,
transferring communications to another cell site, and
reallocating communications between radios and logi-

cal slots of a cell site based on power source availabil-
ity.

14. The method of claim 12, wherein the adjusting the RF
coverage of the antenna includes mechanically up-tilting the
antenna.

15. The method of claim 12, wherein the adjustment of the
RF coverage of the antenna includes beam-steering the RF
coverage of the antenna.

16. The method of claim 12, wherein adjusting the com-
munications bit rate includes selecting a codec from: a full-
rate codec, an enhanced full-rate code, a half-rate code, and
one or more modes of an adaptive multi-rate code.

17. The method of claim 12, wherein adjusting the com-
munications bit rate includes changing of a discontinuous
transmission (DTX) threshold.

18. The method of claim 12, wherein reallocating commu-
nications between radios and logical slots of the cell site
includes allocating voice traffic onto logical slots of a broad-
cast control channel (BCCH) radio.

19. The method of claim 12, wherein the transferring com-
munications to another cell site includes changing of cell 1
and cell 2 reselect values.

20. The method of claim 12, further comprising if the
reduced availability of the power source will last for more
than 1 hour:

enabling at least three of the following power conservation
features:
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adjusting the RF coverage of the antenna,

adjusting the RF output transit power level,

adjusting the communications bit rate,

transferring the communications to another cell site, and

reallocating communications between radios and logi-
cal slots of the cell site based on power source avail-

ability.



