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SYSTEMS AND METHODS FOR
DYNAMICALLY CONFIGURING
FEMTOCELL PILOT BEACON BASED ON
MACRO-NETWORK LOADING

BACKGROUND

1. Service Provider Networks (SPNs)

It 1s increasingly common for people to use client-side
devices to communicate with other devices via cellular wire- 10
less communication systems operated by wireless-service
providers (1.e., service provider networks (SPNs)), whether
those devices are directly connected to the same SPN or to
another system (such as another SPN or a transport network,
as examples ) to which that SPN directly or indirectly provides 15
access. These client-side devices are generally referred to 1n
this disclosure as mobile devices, though this term 1s intended
to broadly encompass various devices known by terms such
as mobile stations, access terminals, user equipment, cell-
phones, smartphones, wireless-communication devices, per- 20
sonal digital assistants (PDAs), tablets, laptops, air cards,
Universal Serial Bus (USB) devices, and/or any other device
(s) capable of functioning as a mobile device according to this
disclosure. Via the SPN, mobile devices generally engage 1n
communications such as voice calls, packet-data sessions, 25
text messaging (e.g., Short Message Service (SMS) messag-
ing), and the like.

Furthermore, the wireless communication between the
SPN and a given mobile device 1s typically bidirectional 1n
nature. The component of that communication that 1s sent 30
from the SPN to the mobile device 1s described as being sent
on what 1s known as the forward link, while the component
that 1s sent from the mobile device to the SPN 1s described as
being sent on what 1s known as the reverse link. On both links,
the wireless communications are typically formatted in 35
accordance with a wireless-communication protocol, one
example type of which 1s code division multiple access
(CDMA), where CDMA networks that operate according to
industry specifications (IS) such as IS 95 and IS 2000 are
often referred to as 1xRT'T (or “1x”") networks, where 1xRTT 40
stands for Single Carrier Radio Transmission Technology.

Some SPNs operate 1n accordance with a particular type of
CDMA protocol known as Evolution Data Optimized (EV
DO). These SPNs are generally configured to operate accord-
ing to one or more versions of IS 8356, and are designed to 45
provide high-rate packet-data service to access terminals
using a techmique on the forward link known as time-division
multiplexing (TDM) and using what 1s essentially 1x tech-
nology on the reverse link. More generally, SPNs can be
arranged to operate according to any of numerous other pro- 50
tocols, some examples of which are Long Term Evolution
(LTE), Universal Mobile Telecommunications System
(UMTS), WiMAX (IEEE 802.16), time division multiple
access (IDMA), Global System for Mobile Communications
(GSM), W1 F1 (IEEE 802.11), and the like. And certainly 55
some SPNs are arranged to provide service in accordance
with multiple protocols.

In typical SPNs, the entities with which mobile devices
communicate over the air interface are known by terms such
as base station and access node, terms that are used at differ- 60
ent times 1n diflerent ways to refer to different entities. For
example, the term base station 1s sometimes used to refer
simply to a device also known as a base transceiver station
(BTS), which contains the hardware, antennas, and other
components that cooperate to actually conduct the over-the- 65
air communication with the mobile devices on behalf of the
SPN. In LTE networks, a BTS 1s typically referred to as an

2

e¢NodeB, which stands for Evolved Node B, named as being
an evolved version of a Node B in a UMTS Terrestrial RAN
(UTRAN). At times, however, the term base station or access
node 1s used to refer 1n combination to (1) one or more BTSs
and (11) a device known as a base station controller (BSC) (or
radio network controller (RNC)), which controls the BTS(s)
and connects 1t (them) to the rest of the network and beyond.

The base stations for these networks are typically not asso-
ciated with any subscriber or small group of subscribers 1n
particular; rather, they are placed 1in publicly-accessible loca-
tions and are used by the provider’s customers generally.
These base stations collectively blanket large geographic
arcas with coverage; as such, they are referred to generally
and herein as “macro-network base stations™ or “macro base
stations” and the network they collectively form, or to which
they collectively belong, 1s referred to generally and herein as
the “macro network.”

Mobile devices and macro base stations conduct commu-
nication sessions (e.g. voice calls and data sessions) over
what are known as carrier frequencies. Furthermore, macro
base stations may provide service 1n a given coverage area on
one carrier frequency, or on more than one carrier frequency.
Mobile devices 1n the coverage area are configured to wire-
lessly communicate with the macro base station—and thus
with the SPN—by tuning to at least one of the carrier frequen-
cies on which the SPN provides service in the coverage area.

Procedures for mitiating and managing wireless commu-
nication between macro base stations and mobile devices
vary depending on the network architecture employed. Gen-
erally, coverage arcas in the SPN emit pilot or reference
signals to enable mobile devices to connect to such coverage
areas. Mobile devices in the SPN regularly scan for such
signals to identily coverage areas with which to connect, or to
which to hand off. Thus, a mobile device may measure signal
strengths of detected pilot signals and send a message that
includes an indication of the measured signal strengths. The
message may be recerved by a base station, and the SPN may
then determine how to manage communication with the
mobile device, such as whether to 1nitiate a communication
link, whether to 1nstruct the mobile device and base stations to
hand off an ongoing call, and so on. Such management deter-
minations can be made by a centralized controller, such as an
RNC 1n a CDMA system, or by distributed network control-
lers co-located with the base stations, such 1n an LTE system.

2. Femtocells

To address gaps 1n macro-network coverage (e.g., 1n build-
ings) and for other reasons, macro-network service providers
may also offer devices referred to herein as femtocells. A
typical femtocell may be approximately the size of a desktop
phone or Wi-F1 access point, and 1s functionally a low-power,
low-capacity version of a macro base station. A typical fem-
tocell uses a normal power outlet, perhaps with a transformer
providing a DC power supply. The femtocell may have a
wired (e.g., Ethernet) or wireless (e.g. Wi-F1) connection with
the user’s router, and would thus have connectivity to the
Internet and/or one or more other packet-data networks. A
femtocell may establish a virtual-private-network (VPN)
connection over the Internet with an entity (e.g., a VPN ter-
minator) on the macro-network provider’s core network. The
temtocell can then securely communicate with the VPN ter-
minator and thereby communicate with other entities of the
macro network.

A typical femtocell also has a wireless-communication
interface configured to wirelessly communicate with mobile
devices according to wireless protocols such as CDMA, LTE,
and the like. The femtocell may act as a micro base station to
provide local wireless coverage on the macro-network pro-
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vider’s network via the user’s Internet connection. Typically,
a femtocell will provide service on a single carrier frequency

(or on a single carrier frequency per technology, where mul-
tiple technologies, such as CDMA and EV-DO, are sup-
ported). The femtocell will typically also transmit a pilot
beacon, which includes administrative messages and param-
cters that mobile devices can use to connect with the femto-
cell. The pilot beacon may include information to facilitate a
handoil of a mobile device from a macro base station to the
temtocell. To inform mobile devices of the femtocell, the pilot
beacon may be transmitted on one or more of the macro-
network carrier frequencies on which the SPN provides ser-
vice 1n that area.

OVERVIEW

As noted above, femtocells are designed to have low trans-
mission-power capabilities, and consequently to provide cov-
crage areas that are relatively limited in comparison with
those of typical macro base stations. As examples, a typical
temtocell may be designed to provide a coverage area that 1s
the size of a dorm room, an apartment, a house, and so on. And
along with limited transmission power, femtocells are also
designed to have a relatively low capacity for serving mobile
stations. For example, a femtocell may provide service on a
single carrier frequency and have the capacity (e.g., channel
clements) to provide service to up to five mobile devices at
any given time, though any suitable number of channel ele-
ments (and/or femtocell carrier frequencies) may beused in a
given implementation.

As described, femtocells typically emit a pilot beacon that
includes administrative messages and parameters that mobile
devices can use to facilitate handoils from the macro network
to the femtocell’s carrier frequency. Thus, among the pur-
poses of the femtocell’s pilot beacon 1s to advertise the fem-
tocell’s carrier frequency 1n the femtocell’s coverage area,
such that mobile devices can opt to tune to that carrier fre-
quency and communicate via the femtocell. As such, the
temtocell transmits 1ts p1lot beacon on the one or more macro-
network carriers in the surrounding area.

In particular, and typically after an 1nitial auto-configura-
tion process, a femtocell will transmit either what 1s known as
and referred to herein as a “fixed” pilot beacon, or what 1s
known as and referred to herein as a “frequency-hopping”
pilot beacon. If the one or more macro base stations 1n the
surrounding area all provide service on the same macro-
network carrier frequency, the femtocell will transmit its pilot
beacon on only that macro-network carrier frequency (1.e., a
fixed pilot beacon). If, however, service 1s provided on mul-
tiple macro-network carrier frequencies by the surrounding,
macro network, the femtocell will cycle through those carrier
frequencies, transmitting 1ts pilot beacon on each macro-
network carrier frequency for (typically) a fixed period of
time (1.e., a frequency-hopping pilot beacon), such as a few
hundred milliseconds or one or two seconds.

In the case of a frequency-hopping pilot beacon, the fem-
tocell will typically transmit 1ts pilot-beacon information on
cach macro-network carrier frequency 1n a set of macro-
network carrier frequencies for a fixed amount of time, and
then repeat. Thus, the overall cycle takes a finite amount of
time, and the femtocell typically needs to spend some mini-
mum amount of time on each carrier frequency. Taken
together, this limits the total number of carriers on which the
temtocell can transmit 1ts pilot-beacon information each
cycle to some upper-bound number of carrier frequencies.
However, the total number of macro-network carrier frequen-
cies on which service 1s provided by the surrounding macro
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4

network may exceed this upper bound. As such, the femto-
cell’s pilot beacon may not hop to some macro-network car-

rier frequencies, which may cause mobile stations operating
on those carrier frequencies to not be aware of the femtocell.
And even if the femtocell frequency-hopping pilot beacon
can and does hop on every macro-network carrier frequency
on which service 1s provided 1n the surrounding area, mobile
devices that are operating on macro-network carrier frequen-
cies that are later in the repeated sequence may on average
have to wait longer before being informed of the presence of
the femtocell.

As such, to address these and other drawbacks of prior
implementations, presently disclosed are systems and meth-
ods for dynamically configuring a femtocell pilot beacon
based on macro-network load. In accordance with the present
disclosure, a femtocell prioritizes certain macro-network car-
rier frequencies 1n 1ts Irequency-hopping pilot beacon. In
particular, the femtocell prioritizes macro-network carrier
frequencies based on macro-network loading.

In various different embodiments, the femtocell may pri-
oritize a particular frequency by, for example, transmitting a
frequency-hopping pilot beacon that hops on the particular
frequency more often than on another frequency 1n at least
one cycle of the frequency-hopping pilot beacon. Addition-
ally or alternatively, the femtocell may prioritize the particu-
lar frequency by, for example, transmitting the frequency-
hopping pilot beacon on the particular frequency for a longer
cumulative duration as compared to one or more shorter
cumulative durations during which the femtocell transmits
the frequency-hopping pilot beacon on another frequency.
Additionally or alternatively, the femtocell may prioritize the
particular frequency by, for example, transmitting the fre-
quency-hopping pilot beacon on the particular frequency at a
greater transmission power as compared to transmission pow-
ers at which the femtocell transmits the frequency-hopping
pilot beacon on another frequency. And certainly other man-
ners of prioritizing could be used.

In some embodiments, the femtocell may prioritize trans-
mission of its frequency-hopping pilot beacon on particular
macro-network carrier frequencies according to the loading
conditions on those carriers 1 the macro-network. For
example, the femtocell and/or femtocell-control elements 1n
the macro-network may determine the loading of macro-
network carriers, identily a particular one of the macro-net-
work carriers that 1s more heavily loaded than another one of
the macro-network carriers, and then cause the femtocell to
prioritize transmission on the particular one of the macro-
network carriers as compared to the other one of the macro-
network carriers. In some embodiments, the femtocell and/or
temtocell-control elements 1n the macro-network may addi-
tionally or alternatively select a pilot-beacon-transmission
pattern that prioritizes transmission on the macro-network
carriers according to the determined loading of the macro-
network carriers relative to one another, and then causes the
femtocell to transmit the frequency-hopping pilot beacon
according to the selected pilot-beacon-transmission pattern.

These as well as other aspects and advantages will become
apparent to those of ordinary skill 1in the art by reading the
following detailed description, with reference where appro-
priate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments are described herein with
reference to the following drawings, 1n which like numerals
denote like entities, and in which:

FIG. 1 depicts an example communication system.
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FIG. 2 depicts an example mobile device.

FI1G. 3 depicts an example femtocell base station.

FI1G. 4A depicts functions carried out 1n accordance with at
least one embodiment.

FIG. 4B depicts functions carried out 1n accordance with at
least one embodiment.

FI1G. 4C depicts functions carried out 1n accordance with at
least one embodiment.

DETAILED DESCRIPTION OF THE DRAWINGS

1. Introduction

The present systems and methods will now be described
with reference to the figures. It should be understood, how-
ever, that numerous variations from the depicted arrange-
ments and functions are possible while remaiming within the
scope and spirit of the claims. For instance, one or more
clements may be added, removed, combined, distributed,
substituted, re-positioned, re-ordered, and/or otherwise
changed. Further, where this description refers to one or more
functions being implemented on and/or by one or more
devices, one or more machines, and/or one or more networks,
it should be understood that one or more of such entities could
carry out one or more of such functions by themselves or 1n
cooperation, and may do so by application of any suitable
combination of hardware, firmware, and/or software. For
instance, one or more processors may execute one or more
sets of programming instructions as at least part of carrying
out of one or more of the functions described herein.

2. Example Architecture

A. Example Communication System

Referring now to the drawings, FIG. 1 1s a simplified block
diagram of an example cellular wireless communication sys-
tem 100. For purposes of explanation and example only, the
wireless communication system 100 shown 1n FIG. 1 1s gen-
erally arranged and described according to CDMA system
architecture. It should be understood, however, that an L' TE
system architecture could be used instead or in addition, as
could an architecture according to one or more other proto-
cols mentioned herein and/or any others now known or later
developed.

As shown 1n FI1G. 1, a communication system 100 includes
a mobile device (MD) 102, a macro BTS 104, a BSC 106, a
mobile switching center (MSC) 108, an SPN 110, a gateway
112, a packet-data network (PDN) 114, femtocell (or femto
base station (FBS)) 116, a media gateway 118, a VPN termi-
nator (VPN-T) 120, a femtocell controller 122, a public
switched telephone network (PSTN) 124, and a femtocell
switch 126. And additional entities could be present as well,
such as additional mobile devices 1n communication with
BTS 104, additional entities in communication with PDN 114
and/or PSTN 124, etc. Also, there could be one or more
devices and/or networks making up at least part of one or
more communication links. For example, there could be one
or more routers, cable modems, and/or other devices or net-
works on the link between femtocell 116 and PDN 114.
Mobile station 102 1s described more fully 1n connection with
FIG. 2, while FBS 116 1s described more fully in connection
with FIG. 3.

Service-provider network 110 may encompass all of the
network elements depicted 1n FIG. 1 as being included 1n its
dashed-cloud shape. In general, there may be more and/or
different communication links among entities within SPN
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110, and there may be more and/or different connections
between SPN 110 and outside entities. Furthermore, there

may be a core packet network (not depicted) making up part
of SPN 110, which may enable devices therein to communi-
cate with each other. There may also be one or more other
packet-data networks and/or elements, one or more circuit-
switched networks and/or elements, one or more signaling,
networks and/or elements, and/or one or more of any other
suitable network(s) and/or element(s).

Gateway 112 may act as a network access server between
(a) PDN 114 and (b)(1) BSCs such as BSC 106 and (11) VPN
terminators such as VPN terminator 120, facilitating packet-
data communication by mobile stations on PDN 114, which
may be the well-known global packet-data network generally
referred to as the Internet, but could also be or include one or
more other packet-data networks. PDN 114 may include one
or more wide area networks, one or more local area networks,
one or more public networks, one or more private networks,
one or more wired networks, one or more wireless networks,
and/or one or more networks of any other type. Devices 1n
communication with PDN 114 may exchange data using a
packet-switched protocol such as the Internet Protocol (IP),
and may be identified by an address such as an IP address.

MG 118 may be arranged to (a) receive packet-based com-
munications from entities on SPN 110, convert those to cir-
cuit-switched communications, and pass them to MSC 108
and/or PSTN 124 and (b) receive circuit-switched communi-
cations from MSC 108 and/or PSTN 124, convert those to
packet-based communications, and pass them to entities on
SPN 110.

VPN terminator 120 may be arranged to establish secure
VPN connections over PDN 114 with femtocells such as
temtocell 116, enabling the femtocells to securely communi-
cate with devices on SPN 110 and beyond. Femtocell con-
troller 122 may be arranged to communicate via VPN termi-
nator 120 with femtocells such as femtocell 116, perhaps to
receive requests from various femtocells for configuration
data, and to accordingly select various operational parameters
for femtocells (e.g. carrier frequency, PN oifset, whether to
broadcast a pilot beacon, contents of any pilot beacon to be
broadcast, transmission-power level), and to transmit those
parameters to femtocells, perhaps along with other configu-
ration data and messaging. Femtocell switch 126 may be
arranged to act as a switch between MSC 108 and VPN
terminator 120, enabling mobile devices communicating via
temtocells to engage 1n calls over PSTN 124 via MSC 108.
And certainly many other configurations are possible, as the
described configuration 1s provided by way of example and
not limitation.

B. Example Mobile Device

FIG. 2 depicts mobile device 102 as including a wireless-
communication interface 130, a user interface 132, a proces-
sor 134, and data storage 136, all of which may be coupled
together by a system bus, network, or other communication
mechanism 138.

Wireless-communication interface 130 may comprise one
or more antennae and one or more chipsets for communicat-
ing with one or more base stations over respective air nter-
faces. As an example, one such chip set could be suited for
LTE communication. As another example, one such chipset
could be suited for CDMA communication. Wireless-com-
munication interface 130 may also or instead be arranged to
communicate according to one or more other types of wire-
less communication (e.g., protocols) mentioned herein and/or
any others now known or later developed. User interface 132
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may include one or more mput devices such as a touchscreen,
one or more buttons, a microphone, and the like for receiving
inputs from users, as well as one or more output devices such
as a display, one or more indicator lights, a speaker, and the
like for communicating outputs to users.

Processor 134 may comprise one or more general-purpose
processors and/or one or more special-purpose processors,
and may be integrated in whole or 1 part with wireless-
communication interface 130. Data storage 136 may com-
prise one or more volatile and/or non-volatile storage com-
ponents (such as magnetic, optical, flash, or other non-
transitory storage), and may be integrated in whole or in part
with processor 134. And certainly other configurations are
possible. Data storage 136 may contain program instructions
executable by processor 134 for carrying out various mobile-
device functions described herein.

C. Example Femtocell

FIG. 3 depicts an exemplary diagram of femtocell (or
femto base station (FBS)) 116, which includes a wireless-
communication interface 150, a GPS receiver 152, a PDN
interface 154, a processor 156, and data storage 160, all of
which may be coupled together by a system bus, network, or
other communication mechanism 158. Note that femtocell
116 could have additional and/or different components, and
that this structure 1s provided by way of example.

Wireless-commumnication interface 150 may include one or
more antennas, one or more chip sets, a set of one or more
channel elements, and/or one or more other components suit-
able for providing a wireless coverage according to a wire-
less-communication protocol such as CDMA or LTE (and/or
one or more other technologies). GPS receiver 152 may be
any known or hereafter-developed GPS receiver, suitable for
receiving and decoding GPS signals for location and timing,
purposes, perhaps among other purposes. In some embodi-
ments, a femtocell may have a location module 1n addition to
or instead of a GPS receiver.

PDN interface 154 may provide a (e.g., wired) packet-data
interface for communicating with a device such as a router or
cable modem, and 1n general for communicating over one or
more packet-data networks such as PDN 114. Processor 156
may comprise multiple (e.g., parallel) processors, such as a
general purpose microprocessor and/or a discrete digital sig-
nal processor. The data storage 160 may take various forms, in
one or more parts, such as a non-volatile storage block and/or
a removable storage medium, and may contain program
instructions executable by processor 156 for carrying out the
temtocell functions described herein, as well as any other
operational, configuration, and/or other type of data deemed
suitable 1 a given femtocell implementation.

3. Example Operation

Mobile devices in communication with SPN 110 may be
configured to scan the macro-network carrier frequencies
used by SPN 110, in order to 1dentify coverage areas to which
the mobile devices can connect. The femtocell 116 transmit-
ting the frequency-hopping pilot beacon on the frequencies
used as macro-network carriers allows mobile devices in
range of the femtocell 116 to detect the frequency-hopping
pilot beacon 1n the course of typical scanning operations.

In some arrangements, the femtocell 116 can be configured
to 1dentily carrier frequencies used 1n one or more coverage
areas of the SPN 110 that are near the location of the femtocell
116. The femtocell 116 may do so by using geographic loca-
tion mnformation derived from the GPS receiver 152 (or other
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location information, such as indicated by a Wi-F1 access
point, router, cable modem, and/or the like) and then commu-

nicating with the femtocell controller 122 to identity frequen-
cies used as macro-network carriers 1in coverage areas of the
SPN 110 located near the femtocell 116. The frequency-
hopping pilot beacon can then be transmaitted to hop on one or
more of the identified frequencies.

As described above and as further described in the
examples explained below, the femtocell 116 can be further
configured to prioritize transmission of 1ts frequency-hop-
ping pilot beacon on particular ones of those macro-network
carriers, relative to others. Prionitizing particular frequencies
allows the femtocell 116 to more readily attract mobile
devices operating on the prioritized frequencies.

Furthermore, prioritization can take different forms. For
example, the frequency-hopping pilot beacon may be trans-
mitted on only particular frequencies 1dentified for prioriti-
zation. Additionally or alternatively, the frequency-hopping
pilot beacon may be transmitted more often, with greater
cumulative duration, and/or with greater power on particular
frequencies 1dentified for prioritization. And certainly other
manners of prioritization could be used as well.

In general, and as used herein, the functional components
that operate to prioritize particular frequencies in the fre-
quency-hopping pilot beacon may be referred to herein as a
femtocell system. The femtocell system may operate to
dynamically 1dentify particular frequencies for prioritization,
select a suitable hopping pattern that prioritizes the particular
frequencies, and then transmit the frequency-hopping pilot
beacon according to the selected pattern. The femtocell sys-
tem may include the femtocell 116 (e.g., viathe processor 156
executing programming logic 162) and/or network elements
in the SPN 110, such as the femtocell controller 122, which
operate alone or 1 combination to provide the functions
described herein.

Example methods for identifying frequencies for prioriti-

zation according to macro-network loading conditions are
described in connection with FIGS. 4A-4C.

A. First Example Process

FIG. 4A 15 a flowchart of an example process 400 that can
be carried out by a femtocell system, such as the femtocell
system described 1n connection with the communication sys-
tem 100 of FI1G. 1. In particular, F1G. 4A depicts aprocess 400
for a femtocell system to determine macro-network loading
on each of a plurality of frequencies, determine that one of the
frequencies 1s more heavily loaded than another, and prior-
tize transmissions of 1ts frequency-hopping pilot beacon on
the more heavily loaded frequency. The process 400 thereby
causes the femtocell 116 to prioritize frequencies of the fre-
quency-hopping pilot beacon according to the relative load-
ing on the frequencies 1n the macro network.

As shown 1n FIG. 4A, the process 400 begins at block 405,
when femtocell 116 transmits a frequency-hopping pilot bea-
con among a plurality of frequencies. At block 410, the fem-
tocell system determines the macro-network loading on each
of the frequencies. At block 415, the femtocell system deter-
mines that a particular one of the frequencies 1s more heavily
loaded than another one of the frequencies. At block 420, the
temtocell system prioritizes transmission of the frequency-
hopping pilot beacon on the particular one of the frequencies
as compared to the other one 1dentified in block 415. The steps
are more fully explained below.

1. Transmit a Frequency-Hopping Pilot Beacon

At block 405, femtocell 116 begins transmitting a fre-
quency-hopping pilot beacon among a plurality of frequen-
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cies. The frequency-hopping pilot beacon transmitted by the
temtocell 116 repeatedly cycling through transmitting pilot-
beacon mformation on each frequency 1n a group of frequen-
cies. The femtocell system can cause the pilot beacon to
cyclically hop among multiple macro-network carriers for
coverage areas of the SPN 110 1n the vicinity of the femtocell
116. For example, the frequency-hopping pilot beacon can be
transmitted on macro-network carriers that are retrieved, for
example, from a licensee database maintained by the FCC
based on a current location of the femtocell 116. Alterna-
tively, a group of frequencies could be retrieved from a cell
site database (not shown) accessible by the femtocell control-
ler 122 within the SPN 110. Other methods could also be used
to 1dentily a group of frequencies on which to transmit the
frequency-hopping pilot beacon, including methods that are
automatically undertaken upon startup of the femtocell 116 as
part of an auto-configuration routine.

Mobile devices 102 served by a macro-network carrier
may detect the frequency-hopping pilot beacon and send a
request to the femtocell 116 and/or SPN 110 to handoif from
their current coverage area to the femtocell’s coverage area.
Such a request may be generated by the mobile device 102 for
any number ol reasons, including a reduction in signal
strength of the mobile device’s current serving signal, for
example. To facilitate this detection process, the mobile
device 102 may monitor signal conditions (e.g., carrier-to-
interference (C/I) ratio and/or a signal-to-interference-plus-
noise ratio (SINR)) on a plurality of macro-network carriers
to detect pilot signals and/or pilot beacons from a combina-
tion of macro-network coverage areas and/or femtocell cov-
crage areas. The mobile device 102 may then select, request,
and receive service 1n the coverage area with the best signal
conditions (1.¢., the “strongest” coverage area) and/or based
on one or more other criteria deemed suitable 1n a given
implementation.

11. Determine Macro-Network Loading

At block 410, the femtocell system determines macro-
network loading on each of the frequencies used by the
macro-network, or a subset of such frequencies used by cov-
erage areas 1n the vicinity of the femtocell 116. The macro-
network loading refers to the amount of network tratfic on the
SPN 110 that 1s conveyed over each frequency (1.e., each
macro-network carrier). Determining the macro-network
loading may include determining the amount of data traific
communicated on each of the frequencies and/or the available
capacity (e.g., available bandwidth) of each frequency. Addi-
tionally or alternatively, determining the macro-network
loading may include determining a number of mobile devices
served by each of the frequencies. Such loading determina-
tions may be made for particular coverage areas of the SPN
110, such as coverage areas 1n the vicinity of the femtocell
116.

The loading on each frequency may be estimated accord-
ing to information tracked by network elements within the
SPN 110. That 1s, network control components, such as a
radio network controller (RNC) and the like, may keep track
ol wireless traific conditions on the SPN 110 and at least
temporarily store indications of such traific conditions. For
example, the SPN 110 may store indications of network load-
ing on the frequencies used by the SPN 110 to provide service
to mobile devices (1.e., the macro-network carriers ). The indi-
cations ol network loading may be updated intermittently
(e.g., periodically) and may include indications of the number
of mobile devices being served on each frequency and/or the
bandwidth being used to serve such mobile devices. Addi-
tionally or alternatively, loading information can be estimated
according to information obtained by intermittent diagnostics
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and the like performed by the SPN 110 at any given time or
over a given duration. Moreover, the SPN 110 may keep track
of loading on particular coverage areas of the SPN 110.

In some embodiments, the macro-network loading may be
determined according to the then-current indication(s) of
loading on each frequency (e.g., according to the most recent
update of such information). The loading may also be deter-
mined according to more than one indication(s) of loading on
cach frequency, including some that are not the most current,
such as an example that estimates network loading according,
to a running median or average of the N most recent updates
of loading information, where N 1s greater than one.

In some embodiments, the SPN 110 and/or femtocell 116
may estimate the network loading of the SPN 110 at the
specific location of the femtocell 116. For example, location
information based on the GPS receiver 152 1n the femtocell
116 may be used to identily coverage areas 1n the vicinity of
the femtocell 116 and the loading can be estimated for such
coverage arcas. Additionally or alternatively, the network
loading on each frequency may be estimated at the femtocell
116 by measuring signal strengths of incident RF signals at
cach of the frequencies. The signal strengths can be due to
network activity of the SPN 110 on each frequency. Thus, the
measured signal strengths can then be associated with esti-
mates of network loading, such as by a relationship that
correlates received power from the RF signals with macro-
network loading. And numerous other ways of determining
loading may be used 1nstead or 1n addition, as known to those
of skill in the art.

111. Determine that a Particular Frequency 1s More Heavily
Loaded than Another One

At block 415, the femtocell system determines that a par-
ticular one of the frequencies 1s more heavily loaded than
another one of the frequencies. For example, the macro-
network loading of each of the frequencies determined in
block 410 can be compared with one another. Based on the
comparison, one ol the frequencies that i1s more heavily
loaded than another one can be 1dentified. That 1s, a frequency
that carries a relatively greater amount of network traific than
another one can be 1dentified.

In some examples, the particular frequency 1dentified can
be the one that 1s most heavily loaded, relative to the others.
Block 415 may therefore include determining the frequency
that carries (or 1s currently carrying) the most network traffic.

Moreover, some embodiments of the present disclosure
may include identifying a plurality of frequencies with rela-
tively greater loading than others. Some embodiments may
include 1dentifying the top M most heavily loaded frequen-
cies, where M 1s a number greater than one. For example, the
frequencies can be sorted, i order, according to the macro-
network loading of each frequency determined 1n block 410,
and 1dentifying the top M frequencies on the sorted list.

1v. Prioritize Transmission of the Frequency-Hopping Pilot
Beacon on the More Heavily Loaded Frequency

At block 420, the femtocell system prioritizes transmission
ol the frequency-hopping pilot beacon on the particular one of
the frequencies as compared to the other one. Once the fem-
tocell system has determined the particular frequency (or
frequencies) that are more heavily loaded than others, the
femtocell 116 may use that information 1n subsequent cycles
of 1ts frequency-hopping pilot beacon to prioritize the par-
ticular frequency (or frequencies) as compared to others.

The femtocell 116 may prioritize a particular frequency by
transmitting the frequency-hopping pilot beacon on the par-
ticular frequency more often than others 1n at least one sub-
sequent cycle of the frequency-hopping pilot beacon. In an
example 1 which the frequency-hopping pilot beacon 1is
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transmitted 1n a cyclic pattern, the femtocell 116 may transmit
(hop) on the particular frequency more than once during a
given cycle in which the femtocell transmits (hops) on the
other frequencies only once. Additionally or alternatively, 1n
a given cycle of the frequency-hopping pilot beacon, the
temtocell 116 may transmit on the particular frequency for a
longer continuous duration as compared to shorter continu-
ous durations in which the femtocell 116 transmits on another
frequency. Additionally or alternatively, 1n a given cycle of
the frequency-hopping pilot beacon, the femtocell 116 may
transmit on the first carrier for a longer cumulative duration as
compared to shorter cumulative durations in which the fem-
tocell 116 transmits on another frequency. Additionally or
alternatively, 1n a given cycle of the frequency-hopping pilot
beacon, the femtocell 116 may transmit on the particular
frequency with a relatively greater transmission power than a
transmission power with which the femtocell 116 transmits
on another frequency.

For example, the femtocell 116 may transmut 1ts frequency-
hopping pi1lot beacon on one or more of five different frequen-
cies F1, F2, F3, F4, and F5. Without prioritizing carriers, the
temtocell 116 may cycle through frequencies F1-F5, trans-
mitting 1ts pilot beacon on each of those frequencies for a
fixed period of time (i.e., a conventional frequency-hopping
pilot beacon), such as for a few hundred milliseconds or one
to four seconds, betfore cycling back to the beginning of the
list. However, according to some embodiments disclosed
herein, the femtocell 116 and/or SPN 110 may cause the
temtocell 116 to prioritize transmission of a particular one of
the frequencies F1-F5 based on the relative macro-network
loading of the frequencies F1-F5. The femtocell system may
determine, for example, that the frequency F1 1s more heavily
loaded than at least one other frequency (e.g., in block 415).
The femtocell 116 can then priornitize F1 relative to the other
frequencies F2-F5 during subsequent transmissions of the
frequency-hopping pilot beacon.

Upon priorntizing the carrier F1, the femtocell 116 may
transmit 1ts frequency-hopping pilot beacon on carrier F1
more often than another frequency, during a given cycle. For
example, the femtocell 116 may transmit 1ts pilot beacon 1n
the following order: F1—=F2—=F3—=F1—=F4, before repeating
the cycle again. In the next cycle, the femtocell 116 may
transmit on the same frequencies again, or may include other
remaining carriers. For example, in the next cycle, the fem-
tocell 116 may transmit 1ts pilot beacon in the following
order: F1-F2—=F3—=F1—=FS5.

By transmitting on the higher priority frequency more
often 1n a given cycle, the femtocell 116 1s more likely to be
transmitting its pilot beacon to a mobile device 102 1n the
region during 1ts respective slot cycle, in which the mobile
device 102 scans for coverage areas to connect with. In sub-
sequent cycles of the frequency-hopping pilot beacon, the
order of frequencies may be switched 1n order to allow for
mobile stations 102 having varying slot cycles an opportunity
to receive the frequency-hopping pilot beacon. For example,
a subsequent cycle in which frequency F1 1s still prioritized
may take the form of: F2—=F3—=F1—=F5—=F1, belore repeat-
ing the cycle again. In other embodiments, the femtocell 116
may not be limited to five frequencies, and more or less than
five frequencies could be used in each cycle. Additionally or
alternatively, the femtocell 116 may prioritize more than one
frequency at a time. For example, the femtocell may prioritize
both carriers F1 and F2 by transmitting 1ts pilot beacon 1n the
following manner: F1—-=F2—=F3—=F1—=F2, before repeating
the cycle again. Other orders could also be used.

Additionally or alternatively, the femtocell 116 may pri-
oritize the carrier F1 by transmitting its frequency-hopping
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pilot beacon on carrier F1 for a longer continuous duration as
compared to a continuous duration in which the femtocell 116
transmits on one or more of the other frequencies F2-FS. For
example, the femtocell 116 may transmit 1ts pilot beacon 1n
the following order and for the following times: F1 (3.84
s)—=F2 (2 s)—=F3 (2 s)—=F4 (2 s)—=F35 (2 s), belore repeating
the cycle. Similar to the above, 1n subsequent cycles of the
frequency-hopping pilot beacon, the order of frequencies
may be switched 1n order to allow for mobile devices having
varying slot cycles an opportunity to recerve the pilot beacon.
For example, a subsequent cycle in which carrier F1 1s still
prioritized may take the form of: F2 (2 s)—=F3 (2 s)—=F4 (2
s)—=F1 (3.84 s)—=F5 (2 s), before repeating the cycle again.
Additionally or alternatively, the femtocell 116 may prioritize
more than one carrier at a time. For example, the femtocell
116 may prioritize both carriers F1 and F2 by broadcasting 1ts
pilot beacon 1n the following manner: F1 (3.84 s)—F2 (3.84
s)—=F3 (1.4 s)—=F4 (1.4s)—=F5(1.45).

Additionally or alternatively, the femtocell 116 may pri-
oritize the frequency F1 by transmitting on the frequency F1
for a greater cumulative duration as compared to a cumulative
duration in which the femtocell 116 transmits on another one
of the frequencies F2-F3. For example, the femtocell 116 may
transmit 1ts pilot beacon 1n the following order and for the
following times: F1 (1.4 s)—=F2 (2 s)—=F1 (1.4 s)—=F3 (2
s)—=F1(1.4s)—=F4(2s)—=F1 (1.4 s)—=F5 (2 s), before repeat-
ing the cycle. Similar to the above, 1n subsequent cycles of the
frequency-hopping pilot beacon, the order of frequencies
may be switched 1n order to allow for mobile devices having
varying slot cycles an opportunity to recerve the pilot beacon,
and moreover the femtocell 116 may prioritize more than
frequency at a time.

Additionally or alternatively, the femtocell 116 may pri-
oritize the frequency F1 by transmitting on the frequency F1
with a transmission power P, greater than a transmission
power P, with which the femtocell 116 transmits on one or
more of the other frequencies F2-F5. For example, the fem-
tocell 116 may transmuit 1ts pilot beacon in the following order
and at the following transmission powers: F1 (P, ,)—F2
(P, .)—=F3 (P, )—F4 (P, )—=FS (P, ), belore repeating
the cycle. Similar to the above, 1n subsequent cycles of the
frequency-hopping pilot beacon, the order of frequencies
may be switched 1n order to allow for mobile devices having
varying slot cycles an opportunity to recerve the pilot beacon,
and moreover the femtocell may prioritize more than fre-
quency at a time.

Other possibilities exist for priontizing Ifrequencies,
including combinations of the above techniques for prioritiz-
ing one or more of the frequencies relative to others, which
were described separately for convenience i explanation
only. For example, the femtocell may prioritize transmission
by selecting a hopping pattern that prioritizes one or more
frequencies by providing a combination of number of hops
per cycle, cumulative and/or continuous transmission dura-
tions, and/or transmission power for one or more prioritized
frequencies that results in the pilot beacon being more readily
detectable at the one or more prioritized frequencies than at
the other frequencies.

Prioritizing the particular frequency allows mobile devices
operating on the frequency in the SPN 110 to detect the
temtocell 116 faster and/or from a greater range. The femto-
cell 116 can thus preferentially attract mobile devices oper-
ating on the frequency and thereby assist the SPN 110 1n
handling network trailic by preferentially absorbing (oil-
loading) network traffic from the most heavily loaded macro-
network carriers.
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B. Second Example Process

FI1G. 4B 1s a flowchart of another example process 401. In
the process 401, the femtocell system (e.g., the femtocell 116
and/or SPN 110) operates according to blocks 4035, 410, and
415, but before carrying out block 420 to prioritize the fre-
quency 1dentified 1 block 415, the identified frequency 1is
compared with a threshold level, at block 417. It the macro-
network loading of the frequency identified 1n block 4135 does
not exceed the threshold level, the process 401 returns to
block 4035 to continue transmitting without adjusting the pri-
oritization of the frequency-hopping pilot beacon. It the load-
ing does exceed the threshold level, the process 401 continues
to block 420 to adjust the prioritization of the frequency-
hopping pilot beacon so as to prioritize the frequency 1denti-
fied 1n block 4135.

The threshold level the macro-network loading 1s com-
pared to 1n block 417 can be specified as an absolute threshold
level (e.g., an absolute macro-network loading requirement).
Alternatively the threshold in block 417 can be spec1ﬁed as a
relative threshold level (e.g., a relative diflerence in macro-
network loading between different ones of the frequencies).

The threshold level 1n block 417 may be dynamically
adjusted according to macro-network loading, such as
according to total macro-network loading and/or macro-net-
work loading of coverage areas in the vicinity of the femtocell
116, for example. For example, the threshold 1n block 417
may be set to specily that identified frequencies are only
prioritized 1in block 420 11 the macro-network loading on such
frequencies 1s at least beyond a threshold capacity (e.g.,
exceeding a percentage of available bandwidth on the par-
ticular macro-network carrier). Moreover, the threshold
specified by block 417 may be adjusted or even turned off
(1.e., set to zero) on a dynamic basis by the femtocell system
according to, for example overall traffic on the SPN 110. For
example, the threshold 1 block 417 can be adjusted so as to
cause the femtocell 116 to begin oifloading traffic from
loaded frequencies of the macro-network as the macro-net-
work approaches a peak trail]

ic condition. In some embodi-
ments, the threshold block 417 can be used to cause the
femtocell 116 to offload macro-network traific only when the
macro-network approaches and/or reaches a peak tratfic con-
dition.

Further still, the femtocell system may adjust its fre-
quency-hopping pilot beacon according to the available
capacity on the femtocell 116. For example, when the fem-
tocell 116 1s being used to serve trailic that exceeds a thresh-
old level (e.g., based on number of calls, number of devices,
and/or data carried) the femtocell system may cause the fem-
tocell 116 to decrease 1ts frequency-hopping pilot beacon so
as to attract fewer mobile devices to the femtocell 116. In
some examples, the femtocell system may even turn off the
frequency-hopping pilot beacon based on the available capac-
ity of the femtocell 116.

Additionally or alternatively, the loading (or available
capacity) of the macro-network and/or femtocell 116 may be
used by the femtocell system to selectively activate one or
more additional femtocells 1n the vicinity of the femtocell
116. For example, 1n the event that both the femtocell 116 and
the nearest macro-network coverage areas are loaded beyond
their respective threshold levels at the same time, the femto-
cell system (e.g., the femtocell controller 122) can operate to
activate an additional femtocell 1n the general geographic
Vlcmlty of the femtocell 116, and thereby oftload additional

tratfic from the macro network and/or temtocell 116.

C. Third Example Process

FI1G. 4C 15 a flowchart of another example process 402. In
the process 402, the femtocell system (e.g., the femtocell 116
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and/or SPN 110) operates according to blocks 405 and 410.
After the macro-network loading of each frequency 1s deter-

mined 1n block 410, the femtocell system selects, in block
4235, a pilot beacon transmission pattern that prioritizes trans-
mission on the frequencies according to the determined load-
ing of the frequencies relative to one another. In block 430, the
temtocell system then causes the femtocell 116 to transmit
the frequency-hopping pilot beacon according to the pattern
selected 1n block 425.

In block 4285, a pilot beacon transmission pattern may be
selected that provides a transmission sequence specilying one
or more of transmission frequency, duration, transmission
power for the frequency-hopping pilot beacon. For example,
the selected frequency hopping transmission pattern may
specily an ordered sequence for a cycle of the frequency-
hopping pilot beacon that specifies transmission parameters
for each frequency for which loading was determined in block
410. The frequency hopping transmission pattern may
specily transmission parameters that prioritize one or more of
the frequencies relative to others. The one or more frequen-
cies to prioritize may be determined according to the macro-
network loading 1s determined 1n block 410. The one or more
frequencies may be more heavily loaded ones of the frequen-
cies, relative to others, and may be the most heavily loaded
ones of the frequencies.

A variety of possibilities exist for prioritizing frequencies,
including any of those discussed 1n connection with block 415
above, and combinations thereof. For example, the selected
frequency hopping transmission pattern may prioritize trans-
mission by providing a combination of number of hops per
cycle, cumulative and/or continuous transmission durations,
and transmission power for one or more prioritized frequen-
cies that results 1n the pilot beacon being more readily detect-
able at the one or more prioritized frequencies than at the
other frequencies.

The frequency hopping transmission pattern selected 1n
block 425 may be dynamically generated by the femtocell
system according to macro-network loading on the different
frequencies relative to one another as determined in block
410. The various transmission parameters specified by the
transmission pattern (e.g., power, duration, and the like) can
be selected so as to assign desired degrees of prioritization to
one or more of the frequencies, which can be determined on
the basis of the macro-network loading on those frequencies
relative to one another as determined 1n block 410. As used
herein, the degree of prioritization may refer, 1n general, to the
likelihood of a mobile device in range of the femtocell 116
detecting the frequency-hopping pilot beacon on a particular
frequency, which likelithood of detection 1s greater for more
highly prioritized frequencies (due to transmissions being
more often, for greater durations, and/or at higher power).

Alternatively, the transmission pattern selected in block
425 can be chosen from among a group of predetermined
transmission patterns. For example, the femtocell system can
store a group of predetermined transmission patterns which
provide varying degrees of prioritization of the different fre-
quencies relative to one another. The femtocell system can
then select one of the predetermined transmission patterns
based on a desired amount of prioritization to assign to one or
more of the frequencies, which can be determined on the basis
of the macro-network loading on those frequencies relative to
one another as determined 1n block 410.

4. Alternatives

In some examples, the transmission pattern of the fre-
quency-hopping pilot beacon can be chosen based in part on
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characteristics of mobile devices served by the femtocell 116.
In an example where particular mobile devices are registered
with the femtocell 116 (e.g., users of the femtocell 116
included on a “white list”), a hopping pattern can be based 1n
part on substantially unique identifiers associated with such
particular mobile devices. For example, a hopping pattern can
be deduced in part from a hashing algorithm applied to mobile
directory numbers (MDNs) of such registered mobile
devices. Embodiments using such a hashing algorithm may
advantageously align subsequent hopping cycles on particu-
lar frequencies with frequencies favored by registered mobile
devices, which may determine scanning frequencies for their
slot cycles according to a similar hashing algorithm.

In some embodiments, the femtocell 116 may continue
transmitting 1n the manner set forth above for an indetermi-
nate amount of time. Alternatively, the femtocell 116 can
intermittently re-determine the prioritization, and modify the
transmission of the frequency-hopping pilot beacon accord-
ingly, which 1s indicated by the dashed line 1n FIGS. 4A-4C.
Theretore, processes 400-402 disclosed herein may 1nclude
updating the prioritization of the frequency-hopping pilot
beacon according to updated network loading information
after an mitial prioritization. The femtocell 116 and/or SPN
110 may determine updated particular one(s) of the frequen-
cies to prioritize 1 subsequent transmissions of the fre-
quency-hopping pilot beacon based on the particular one(s)
being more heavily loaded than others. Such updated priori-
tization can be determined according to updated network
loading information. For example, the femtocell 116 and/or
SPN 110 may re-determine prioritization of the frequency-
hopping pilot beacon before every pilot beacon transmission
cycle. Other timings could also be used.

The processes 400-402 disclosed herein may be used to
allow the femtocell 116 to dynamically adjust its hopping
pattern according to current loading on the macro-network.
The processes 400-402 may allow the femtocell 116 to pret-
crentially off-loading network tratfic from the SPN 110 that 1s
on the most-heavily loaded macro-network carriers. When
operating according to the processes 400-402, the femtocell
116 may thereby assist the SPN 110 1n handling peak tratfic
conditions, for example. Toward that end, some embodiments
of the present disclosure may include causing the femtocells
to operate 1 accordance with the processes 400-402 dis-
closed herein during peak traffic conditions, and/or during
times of the day when peak conditions are expected to occur.

In some embodiments discussed herein, the femtocell 116
can be a first base station that provides service to mobile
devices on a first frequency (e.g., an RF carrier used by the
temtocell 116 to communicate with the mobile device 102).
Similarly, the transceiver stations of the SPN 110 (e.g., BT Ss
104, BSCs 106, and/or eNBs) can be considered a group of
second base stations that provide service to mobile device on
a plurality of second frequencies (e.g., macro-network carri-
ers used to communicate between the SPN 110 and mobile
devices).

5. Conclusion

While some example embodiments have been described
above, those of ordinary skill 1n the art will appreciate that
numerous changes to the described embodiments could be
made without departing from the scope and spinit of the
claims.

What 1s claimed 1s:

1. A method of operating a wireless network system,
wherein the wireless network system includes a first base
station operating on a {irst base station frequency to serve
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mobile devices, and one or more second base stations oper-
ating on a plurality of second base station frequencies, the
method comprising:
the first base station transmitting a frequency-hopping pilot
beacon among the plurality of second base station fre-
quencies;
determining loading on each of the second base station
frequencies;
determining, based on the determined loading, that a par-
ticular one of the second base station frequencies 1s more
heavily loaded than another one of the second base sta-
tion frequencies; and
responsive to determining that the particular one of the
second base station frequencies 1s more heavily loaded
than the other one of the second base station frequencies,
prioritizing transmission of the frequency-hopping pilot
beacon on the particular one of the second base station
frequencies as compared to the other one of the second
base station frequencies, wherein the prioritizing trans-
mission includes:
selecting a pilot beacon transmission pattern that priori-
tizes transmission on the second base station frequencies
according to the determined loading of the second base
station frequencies relative to one another and causing,
the first base station to transmit the frequency-hopping
pilot beacon according to the selected pilot beacon trans-
mission pattern, and
wherein the selected pilot beacon transmission pattern
defines a sequence of hopping among the second base
station frequencies such that, during a transmission
cycle 1n which the frequency-hopping pilot beacon 1is
transmitted on each of the plurality of second base sta-
tion frequencies, the first base station transmits, on one
or more of the second base station frequencies that are
more heavily loaded than others of the second base
station Irequencies, for a greater cumulative duration
than a cumulative duration in which the first base station
transmits on the others of the plurality of second base
station frequencies.
2. The method of claim 1, further comprising;
based on the determined loading, determining that the par-
ticular one of the second base station frequencies is
loaded beyond a threshold level, and
wherein the prioritizing transmission 1s further responsive
to determiming that the particular one of the second base
station frequencies 1s loaded beyond the threshold level.
3. The method of claim 1, further comprising dynamically
adjusting the frequency-hopping pilot beacon according to
loading on the second base station frequencies by repeatedly
carrying out the following functions:
determining updated loading on each of the second base
station frequencies;
selecting an updated pilot beacon transmission pattern that
prioritizes transmission on the second base station fre-
quencies according to the determined updated loading of
the second base station frequencies relative to one
another; and
causing the first base station to transmit the frequency-
hopping pilot beacon according to the selected updated
pilot beacon transmission pattern.
4. The method of claim 1,
wherein transmitting the frequency-hopping pilot beacon
includes repeatedly cycling through transmitting on
cach of the plurality of second base station frequencies,
and
wherein the prioritizing transmission includes, during at
least one of the repeated cycles of the frequency-hop-
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ping pilot beacon, transmitting on the particular one of
the second base station frequencies for a greater cumus-
lative duration than a cumulative duration in which the
frequency-hopping pilot beacon 1s transmitted on the
other one of the second base station frequencies.

5. The method of claim 1,

wherein transmitting the frequency-hopping pilot beacon
includes repeatedly cycling through transmitting on
cach of the plurality of second base station frequencies,
and

wherein the prioritizing transmission includes, during at
least one of the repeated cycles of the frequency-hop-
ping pilot beacon, transmitting on the particular one of
the second base station frequencies with a greater trans-
mission power than a transmission power with which the
frequency-hopping pilot beacon 1s transmitted on the
other one of the second base station frequencies.

6. The method of claim 1,

wherein transmitting the frequency-hopping pilot beacon
includes repeatedly cycling through transmitting on
cach of the plurality of second base station frequencies;
and

wherein the prioritizing transmission includes, during at
least one of the repeated cycles of the frequency-hop-
ping pilot beacon, transmitting more often on the par-
ticular one of the second base station frequencies than
the frequency-hopping pilot beacon 1s transmitted on the
other one of the second base station frequencies.

7. The method of claim 1, wherein the determinming loading,

on c¢ach of the second base station frequencies includes, for
cach of the second base station frequencies:

determining a signal strength of the second base station
frequency; and

determining the loading of the second base station ire-
quency based on the determined signal strength.

8. The method of claim 1, wherein the determining loading,

on each of the second base station frequencies includes
receiving data indicating the loading on each of the second
base station frequencies.

9. A wireless network system comprising:

a first base station including (1) an internet interface, and
(11)

one or more antenna structures; and

a controller,

wherein the internet interface 1s configured to communi-
cate with a network,

wherein the one or more antenna structures are configured
to (1) transmit a frequency-hopping pilot beacon among
a plurality of second base station frequencies, and (11)
wirelessly communicate, on a first base station 1ire-
quency, with mobile devices served by the first base
station to thereby link the mobile devices served by the
first base station to the network via the internet interface,
and

wherein the controller 1s configured to (1) determine load-
ing on each of the second base station frequencies, (11)
determine, based on the determined loading, that a par-
ticular one of the second base station frequencies 1s more
heavily loaded than another one of the second base sta-
tion frequencies, (111) responsive to determining that the
particular one of the second base station frequencies 1s
more heavily loaded than the other one of the second
base station frequencies, prioritize transmission of the
frequency-hopping pilot beacon on the particular one of
the second base station frequencies as compared to the
other one of the second base station Irequencies,
wherein the controller 1s configured to prioritize trans-
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mission by selecting a pilot beacon transmission pattern
that prioritizes transmission on the second base station
frequencies according to the determined loading of the
second base station frequencies relative to one another
and causing the {irst base station to transmit the fre-
quency-hopping pilot beacon according to the selected
pilot beacon transmission pattern, and

wherein the selected pilot beacon transmission pattern
defines a sequence of hopping among the second base
station frequencies such that, during a transmission
cycle 1n which the frequency-hopping pilot beacon 1is
transmitted on each of the plurality of second base sta-
tion frequencies, the first base station transmits, on one
or more of the second base station frequencies that are
more heavily loaded than others of the second base
station frequencies, for a greater cumulative duration
than a cumulative duration in which the first base station
transmits on the others of the second base station ire-
quencies.

10. The wireless network system of claim 9,

wherein the controller 1s further configured to determine,
based on the determined loading, that the particular one
of the second base station frequencies 1s loaded beyond
a threshold level, and

wherein the controller i1s further configured such that the
transmission of the frequency-hopping pilot beacon on
the particular one of the second base station frequencies
1s further responsive to determining that the particular
one of the second base station frequencies i1s loaded
beyond the threshold level.

11. The wireless network system of claim 9,

wherein the first base station 1s configured to transmit the
frequency-hopping pilot beacon via the one or more
antenna structures by repeatedly cycling through trans-
mitting on each of the plurality of second base station
frequencies, and

wherein the controller 1s configured to prioritize transmis-
sion by, during at least one of the repeated cycles of the
frequency-hopping pilot beacon, causing the first base
station to transmit on the particular one of the second
base station frequencies for a greater cumulative dura-
tion than a cumulative duration in which the frequency-
hopping pilot beacon 1s transmitted on the other one of
the second base station frequencies.

12. The wireless network system of claim 9,

wherein the first base station 1s configured to transmit the
frequency-hopping pilot beacon via the one or more
antenna structures by repeatedly cycling through trans-
mitting on each of the plurality of second base station
frequencies, and

wherein the controller 1s configured to prioritize transmis-
sion by, during at least one of the repeated cycles of the
frequency-hopping pilot beacon, causing the first base
station to transmit on the particular one of the second
base station frequencies with a greater transmission
power than a transmission power with which the fre-
quency-hopping pilot beacon 1s transmitted on the other
one of the second base station frequencies.

13. The wireless network system of claim 9,

wherein the first base station 1s configured to transmit the
frequency-hopping pilot beacon via the one or more
antenna structures by repeatedly cycling through trans-
mitting on each of the plurality of second base station
frequencies, and

wherein the controller 1s configured to prioritize transmis-
sion by, during at least one of the repeated cycles of the
frequency-hopping pilot beacon, causing the first base
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determiming loading on each of the second base station
frequencies;

selecting a pilot beacon transmission pattern that priori-
tizes transmission on the second base station frequencies
according to the determined loading of the second base
station frequencies relative to one another, wherein the
selected pilot beacon transmission pattern defines a
sequence of hopping among the second base station

station to transmit more often on the particular one of the
second base station frequencies than the frequency-hop-
ping pilot beacon 1s transmitted on the other one of the
second base station frequencies.
14. The wireless network system of claim 9, d
wherein the controller 1s configured to determine the load-
ing on each of the second base station frequencies by, for

cach of the second base station frequencies: (1) deter-
mining a signal strength of the second base station ire-

frequencies such that, during a transmission cycle 1n
which the frequency-hopping pilot beacon 1s transmitted

quency, and (11) determining the loading of the second o on each of the plurality of second base station frequen-
base station frequency based on the determined signal cies, the first base station transmits, on one or more of the
strength. second base station frequencies that are more heavily

15. A method of operating a wireless network system, loaded than others of the second base station frequen-
wherein the wireless network system includes a first base . cies, for a greater cumulative duration than a cumulative

duration 1n which the first base station transmits on the
others of the plurality of second base station frequen-
cies; and

causing the first base station to transmit the frequency-
hopping pilot beacon according to the selected pilot
beacon transmission pattern.

station operating on a first base station frequency to serve
mobile devices, and one or more second base stations oper-
ating on a plurality of second base station frequencies, the
method comprising:
the first base station transmitting a frequency-hopping pilot 20
beacon among the plurality of second base station ire-
quencies; S I



	Front Page
	Drawings
	Specification
	Claims

