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SYSTEM AND METHOD FOR ADVERTISING AND COMMUNICATING
WITHIN A NEIGHBORHOOD AWARE NETWORK

A Field

[0001] The present disclosure is generally related to neighborhood aware networks

(NANS).

y/A Description of Related Art

[0002] Advances in technology have resulted in smaller and more powerful computing
devices. For example, there currently exist a variety of portable personal computing
devices, including wireless computing devices, such as portable wireless telephones,
personal digital assistants (PDAs), and paging devices that are small, lightweight, and
casily carried by users. More specifically, portable wireless telephones, such as cellular
telephones and internet protocol (IP) telephones, can communicate voice and data
packets over wireless networks. Further, many such wireless telephones include other
types of devices that are incorporated therein. For example, a wireless telephone can
also include a digital still camera, a digital video camera, a digital recorder, and an
audio file player. Also, such wireless telephones can process executable instructions,
including software applications, such as a web browser application, that can be used to
access the Internet. As such, these wireless telephones can include significant

computing capabilities.

[0003] As wireless devices become less expensive and more common, networks can
experience increased traffic, potentially burdening the networks, slowing performance
of the wireless devices, and frustrating users. Accordingly, network setup and network
resource allocation (e.g., how traffic is routed within the network) are important

considerations in designing and implementing wireless devices and wireless networks.

. Summary

[0004] In at least one embodiment, techniques enable secure and power-efficient
proximity-based services (e.g., via a neighborhood-aware network (NAN)). For
example, in at least one embodiment, a “general” protocol (e.g., “first tier”) protocol is

used to facilitate discovery of a mobile device cluster and a cluster-specific (e.g.,
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“second tier”) protocol is used for communication within the mobile device cluster (e.g.,
for discovery of particular devices within the mobile device cluster). Each mobile
device cluster may be associated with a particular mobile device application within the
NAN. The techniques may reduce burdens on “centralized” communication devices,
such as access points (APs) and base stations, by enabling “direct” communication

between mobile devices.

[0005] In a particular embodiment, a method includes receiving, by a first mobile
device, a first discovery message via a network advertisement protocol common to a
plurality of mobile devices. The first discovery message includes information specific
to a mobile device cluster that is a subset of the plurality of mobile devices. The
method further includes using the information to communicate with at least a second
mobile device of the mobile device cluster using a second cluster protocol that is

different than the network advertisement protocol.

[0006] In another particular embodiment, a mobile device includes a processor and a
memory coupled to the processor. The memory stores instructions executable by the
processor to receive a first discovery message via a network advertisement protocol
common to a plurality of mobile devices. The first discovery message includes
information specific to a mobile device cluster that is a subset of the plurality of mobile
devices. The instructions are further executable by the processor to use the information
to communicate with at least a second mobile device of the mobile device cluster using

a second cluster protocol that is different than the network advertisement protocol.

[0007] In another particular embodiment, a method includes sending, by a first mobile
device, a first discovery message via a network advertisement protocol common to a
plurality of mobile devices. The first discovery message includes information specific
to a mobile device cluster that is a subset of plurality of mobile devices. The method
further includes receiving a message from a second mobile device sent based on the
information specific to the mobile device cluster using a second cluster protocol that is

different than the network advertisement protocol.

[0008] In another particular embodiment, a mobile device includes a processor and a
memory coupled to the processor. The memory stores instructions executable by the

processor to send a first discovery message via a network advertisement protocol

.
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common to a plurality of mobile devices. The first discovery message includes
information specific to a mobile device cluster that is a subset of the plurality of mobile
devices. The instructions are further executable by the processor to receive a message
from a second mobile device sent based on the information specific to the mobile device
cluster using a second cluster protocol that is different than the network advertisement

protocol.

[0009] One particular advantage provided by at least one of the disclosed embodiments
is improved allocation of network resources. For example, enabling “direct”
communication between mobile devices may reduce burdens on “centralized”

communication devices, such as access points (APs) and base stations.

[0010] Other aspects, advantages, and features of the present disclosure will become
apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.
1V.  Brief Description of the Drawings
[0011] FIG. 1 is a diagram of a particular illustrative embodiment of a plurality of

mobile devices and mobile device clusters of the plurality of mobile devices.

[0012] FIG. 2 is a diagram of a plurality of timing diagrams illustrating example
operations of the plurality of mobile devices of FIG. 1.

[0013] FIG. 3 is a flow chart of a particular illustrative embodiment of a method of

operation of one or more of the mobile devices of FIG. 1.

[0014] FIG. 4 is a functional block diagram of a particular illustrative embodiment of a

mobile device that receives a first discovery message of FIG. 1

[0015] FIG. 5 is a flow chart of a particular illustrative embodiment of a method

operation of one or more of the mobile devices of FIG. 1.

[0016] FIG. 6 is a functional block diagram of a particular illustrative embodiment of a

mobile device that sends a first discovery message of FIG. 1

[0017] FIG. 7 is a diagram of a particular illustrative embodiment of one or more of the
mobile devices of FIG. 1.
-3.
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V. Detailed Description

[0018] Referring to FIG. 1, a particular illustrative embodiment of a plurality of mobile
devices is depicted and generally designated 100. The plurality of mobile devices 100
includes a first mobile device cluster 110, a second mobile device cluster 120, a third

mobile device cluster 130, and a mobile device 142.

[0019] The first mobile device cluster 110 includes a mobile device 112, a mobile
device 114, a mobile device 116, and a mobile device 118. The second mobile device
cluster 120 includes the mobile device 118, a mobile device 122, a mobile device 124, a
mobile device 126, and a mobile device 128. The third mobile device cluster 130
includes a mobile device 132, a mobile device 134, a mobile device 136, and a mobile
device 138. In the particular example of FIG. 1, the mobile device 142 has not joined
(e.g., is not a member of) any of the mobile device clusters 110, 120, 130. Further, in
the particular example of FIG. 1, the mobile device 118 has joined (e.g., is a member of)

multiple mobile device clusters (i.c., the mobile device clusters 110, 120).

[0020] According to various embodiments, the plurality of mobile devices 100 may be a
neighborhood-aware network, and one or more of the mobile device clusters 110, 120,
130 may be associated with a particular common mobile device application. For
example, each the mobile device clusters 110, 120, 130 may associated with a
respective common mobile device application, such as a social networking mobile

device application, a gaming mobile device application, or a combination thereof.

[0021] In operation, mobile devices of the plurality of mobile devices 100 may
communicate wirelessly according to one or more wireless communication protocols.
For example, in at least one embodiment, mobile devices of the plurality of mobile
devices 100 may send and receive discovery messages, such as a discovery beacon
associated with an Institute of Electrical and FElectronics Engineers (IEEE) 802.11
protocol. As another example, mobile devices of the plurality of mobile devices 100
may communicate via a network advertisement protocol that is common to each mobile
device of the plurality of mobile devices 100. As another example, the first mobile
device cluster 110 may communicate using a second cluster protocol that is different
than the network advertisement protocol. Similarly, the second mobile device cluster

120 may communicate using a third cluster protocol that is different than the network
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advertisement protocol, and the third mobile device cluster 130 may communicate using
a fourth cluster protocol that is different than the network advertisement protocol. In
this context, a protocol refers to parameters used to communicate, such as a channel on
which communications occur, timing of communications (e.g., timing of discovery

intervals), etc.

[0022] To further illustrate, the mobile device 142 may receive a first discovery
message via the network advertisement protocol common to the plurality of mobile
devices 100. For example, the mobile device 142 may receive the first discovery
message from the mobile device 122. The first discovery message may include
information specific to the second mobile device cluster 120. For example, the
information may indicate (e.g., advertise) the second mobile device cluster 120, such as
by indicating characteristics of the protocol associated with the second mobile device
cluster 120. The information may include an indication of a second wireless channel
associated with the second mobile device cluster 120 that is different than a first
wireless channel associated with the network advertisement protocol. Alternatively or
in addition, the information may include an indication of a second timing parameter
(e.g., a start time and/or a duration of a discovery interval) associated with the second
mobile device cluster 120 that is different than a first timing parameter associated with
the network advertisement protocol. Alternatively or in addition, the information may
include a network size associated with the second mobile device cluster 120 (e.g., to
enable mobile devices to determine whether to join the second mobile device cluster
120, for example based on whether an estimated bandwidth associated with the second

mobile device cluster 120 is too small based on the network size exceeding a threshold).

[0023] In response to receiving the first discovery message, the mobile device 142 may
use the information in the first discovery message to communicate with the mobile
device 122 using the protocol associated with the second mobile device cluster 120. For
example, as explained further below with reference to FIG. 3, the mobile device 142
may join the second mobile device cluster 120, query a mobile device of the second
mobile device cluster 120 for additional information (e.g., information related to a
mobile device application) associated with the second mobile device cluster 120, or a
combination thereof. Communicating with the mobile device 122 may include tuning a

transceiver of the mobile device 142 from a first channel (associated with the network

-5-
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advertisement protocol) to the second channel (associated with the second mobile
device cluster). After tuning to the second channel, the mobile device 142 may receive
a second discovery message from the mobile device 122 at a time that is determined by

a second timing parameter that is associated with the second mobile device cluster 120.

[0024] In another particular example, the mobile device 132 may send a second
discovery message via the network advertisement protocol common to the plurality of
mobile devices 100. The second discovery message may include information specific to
the third mobile device cluster 130. One or more other devices may receive the second
discovery message. For example, the mobile device 128 may receive the second
discovery message sent by the mobile device 132. The mobile device 132 may receive
a message from the mobile device 128 that is sent based on the information specific to
the third mobile device cluster 130. The message may be sent using the protocol
associated with the third mobile device cluster 130. The message sent from the mobile
device 128 may be a request to join the third mobile device cluster 130, a query for
additional information related to the third mobile device cluster 130, or a combination

thereof.

[0025] In a particular embodiment, each of the mobile device clusters 110, 120 and 130
may be advertised during a discovery interval associated with the network
advertisement protocol common to the plurality of mobile devices 100. For example,
during a first discovery interval associated with the network advertisement protocol
common to the plurality of mobile devices 100, a particular device of the first mobile
device cluster 110 (such as the mobile device 114) may send a discovery message
advertising the first mobile device cluster 110. Additionally, during the first discovery
interval, a particular device of the second mobile device cluster 120 (such as the mobile
device 126) may send a discovery message advertising the second mobile device cluster
120. Further, during the first discovery interval, a particular device of the third mobile
device cluster 130 (such as the mobile device 136) may send a discovery message
advertising the third mobile device cluster 130. Thus, during the first discovery
interval, the mobile device 142 may receive discovery messages associated with each of
the mobile device clusters via the network advertisement protocol common to the
plurality of mobile devices 100 (e.g., by tuning to a channel associated with the network

advertisement protocol common to the plurality of mobile devices 100). Accordingly,
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the mobile device 142 does not have to scan a variety of channels (such as channels
associated with each of the mobile device clusters 110, 120, 130), to identify mobile

device clusters that are active in a particular area.

[0026] It will be appreciated that utilizing the network advertisement protocol common
to the plurality of mobile devices 100 may enable transmission and reception of
information related to particular clusters of mobile devices (e.g., any of the mobile
device clusters 110, 120, 130). Further, by communicating according to cluster specific
protocols that are different from the network advertisement protocol, each of the mobile
device clusters 110, 120, 130 may tailor communications according to cluster-specific
characteristics, such as one or more particular mobile device applications associated

with the particular mobile device cluster.

[0027] Referring to FIG. 2, a plurality of timelines illustrating various example
operations of the plurality of mobile devices 100 of FIG. 1 is illustrated and generally
designated 200. The plurality of timelines 200 includes a first timeline 210, a second
timeline 220, and a third timeline 230.

[0028] The first timeline 210 illustrates example discovery intervals associated with
communication according to the network advertisement protocol common to the
plurality of mobile devices 100. In at least one embodiment, mobile device clusters
utilize each discovery interval to contend to send respective discovery messages
associated with the mobile device clusters. For example, in the particular example of
the first timeline 210, the first mobile device cluster 110 may contend with the second
mobile device cluster 120. That is, one or more devices of the first mobile device
cluster 110 may attempt to send a first discovery message associated with the first
mobile device cluster 110 (e.g., a discovery message) that advertises the first mobile
device cluster 110. Similarly, one or more devices of the second mobile device cluster
120 may contend to send a second discovery message (e.g., a second discovery message
that advertises) the second mobile device cluster 120. In a particular embodiment, each
device of the plurality of mobile devices 100 contends with each other device of the
plurality of mobile devices 100 to send a discovery message associated with a cluster of
which the device is a member. To illustrate, the mobile device 112 may attempt to send

(using a contention process) a discovery message advertising the first mobile device
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cluster while each other device of the plurality of mobile devices 100 also attempts to

send a discovery message (using the contention process).

[0029] The mobile devices may contend using a suitable contention technique, such as a
carrier sense multiple access (CSMA) technique. In a particular embodiment, each
device of the first mobile device cluster 110 may attempt to send the first discovery
message during a particular discovery interval. If one of the mobile devices of the first
mobile device cluster 110 is successful in sending the first discovery message during the
particular discovery interval, other mobile devices of the first mobile device cluster 110
may cease contention for the remainder of the particular discovery interval. As another
example, mobile devices of the second mobile device cluster 120 may contend to send
the second discovery message. If one of the mobile devices of the second mobile device
cluster 120 successfully sends the second discovery message during the particular
discovery interval, then other devices of the second mobile device cluster 120 may

cease contention for the remainder of the particular discovery interval.

[0030] The second timeline 220 illustrates a particular example operation of mobile
devices within the first mobile device cluster 110. Devices of the first mobile device
cluster 110 (e.g., the mobile devices 112, 114, 116, 118) may communicate with a
second or cluster-specific protocol (e.g., using a communication channel that is
associated with the first mobile device cluster 110, using particular timing parameters,
etc.). The second cluster protocol may facilitate discovery of and communication
between particular devices of the first mobile device cluster 110. Accordingly, mobile
devices of first mobile device cluster 110 may contend (e.g., using a contention
technique, such as a CSMA technique) to send messages (e.g., discovery messages) to
other mobile devices of the first mobile device cluster 110. Similarly, the third timeline
230 depicts example communications of the second mobile device cluster 120, such as

discovery of and communication between the mobile devices 126, 128.

[0031] In at least one embodiment, the example operations described in connection with
FIG. 2 illustrate a “two tier” method of communication. For example, the network
advertisement protocol common to the plurality of mobile devices 100 may correspond
to a first tier of communication. Further, each cluster-specific protocol (e.g., the second
cluster protocol and the third cluster protocol) may correspond to a second tier of

communication. Mobile devices may alternate communication between the first tier and
-8-
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the second tier in order to advertise one or more mobile device clusters to prospective
members and to communicate within the mobile device clusters (e.g., to communicate
with existing members of the mobile device clusters), respectively, thus providing
communication efficiency within the mobile device clusters. The two tier method of
communication may enable new devices (e.g., a device that has recently become
activated within an area include mobile device clusters) to quickly identify mobile
device clusters that are of interest (e.g., that are associated with an application executing
at the new device) and to determine a protocol used by the mobile device clusters of

interest.

[0032] Referring to FIG. 3, a particular illustrative method of operation of one or more
of the plurality of mobile devices 100 of FIG. 1 is depicted and generally designated
300. The method 300 includes receiving, by a first mobile device, a first discovery
message, at 310. The first discovery message is received via a network advertisement
protocol common to the plurality of mobile devices. The first discovery message
includes information specific to at least one mobile device cluster (e.g., at least one of
the mobile device clusters 110, 120, 130) that is a subset of the plurality of mobile

devices.

[0033] At 320, the method 300 includes using the information to communicate with at
least a second mobile device of the mobile device cluster using a second cluster protocol
that is different than the network advertisement protocol. For example, using the
information may include querying the second mobile device for additional information
associated with the mobile device cluster, joining the mobile device cluster, sending a
second discovery message advertising the mobile device cluster via the network
advertisement protocol, turning a transceiver of the first mobile device from a first
channel to a second channel and receiving a second discovery message from the second
mobile device at a time determined by a second timing parameter via the second

channel and using the second cluster protocol, or a combination thereof.

[0034] At 330, the method 300 further includes contending with other devices of the
plurality of mobile devices to send discovery messages via the network advertisement
protocol during a discovery interval associated with the network advertisement protocol.
In at least one embodiment, contending is performed via a carrier sense multiple access

(CSMA) technique. Contending may include awakening from a low-power state at a
-9.
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start time associated with the discovery interval to send a second discovery message and
selecting a randomized time within the discovery interval at which to send the second
discovery message, where if another discovery message is sent by another device
advertising the mobile device cluster prior to the randomized start time, contention is
ceased for a remainder of the discovery interval. Otherwise, the second discovery
message may be sent at the randomized start time. If another discovery message is sent
by another device advertising a second mobile device cluster, contention is continued

for a remainder of the discovery interval, or until the second discovery message is sent.

[0035] After joining a particular mobile device cluster, the first mobile device may send
a discovery message (using a protocol associated with the particular mobile device
cluster) advertising the first mobile device to other devices of the particular mobile
device cluster. The first mobile device may contend with other devices of the particular
mobile device cluster to send the discovery message during a discovery interval
associated with the particular mobile device cluster (which may be different from the
discovery interval associated with the network advertisement protocol). As an example,
the method 300 of FIG. 3 may include contending (e.g., using a CSMA technique) with
other mobile devices of the mobile device cluster to send another discovery message, at
340. Contending to send the another discovery message may include awakening from a
low-power state at a start time associated with a discovery interval to send the another
discovery message, selecting a randomized time within the discovery interval at which
to send the another discovery message, and/or contending with other mobile devices of
the mobile device cluster to send the another discovery message via the second cluster

protocol.

[0036] Thus, during a first discovery interval associated with the network advertisement
protocol, the first mobile device may send a first discovery message advertising a first
mobile device cluster, and during a second discovery interval associated with the first
mobile device cluster, the first mobile device may send a second discovery message
adverting the first mobile device’s presence and participation in the first mobile device
cluster. Accordingly, in a particular illustrative embodiment, the method 300 of FIG. 3
illustrates a “two tier” communication method (e.g., for communication within a
neighborhood-aware network), whereby a particular mobile device cluster (e.g., an

application-specific cluster of mobile devices) is advertised using a network
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advertisement protocol to prospective members of the mobile device cluster and
presence and/or participation in the mobile device cluster is advertised to members of

the mobile device cluster via a second (e.g., cluster-specific) protocol.

[0037] Referring to FIG. 4, a functional block diagram of a particular illustrative
embodiment of a mobile device that receives a first discovery message of FIG. 1 is
illustrated. The device 450 can include means for receiving 410 a first discovery
message via a network advertisement protocol with information specific to a mobile
device cluster that is a subset of a plurality of mobile devices. In certain embodiments,
the means for receiving 410 a first discovery message can be configured to perform one
or more of the functions described above with respect to block 310 (FIG. 3). In various
embodiments, the means for receiving 410 a first discovery message can be

implemented by an RF interface 760 (FIG. 7).

[0038] The device 450 further includes means for using 420 the information to
communicate with a second mobile device of the mobile device cluster using a second
cluster protocol that is different than the network advertisement protocol. In certain
embodiments, the means for using 420 the information can be configured to perform
one or more of the functions described above with respect to block 320 (FIG. 3). In
various embodiments, the means for using 420 the information can be implemented by

one or more of a processor 710 or a memory 732 (FIG. 7).

[0039] The device 450 further includes means for contending 430 with other devices of
the plurality of mobile devices to send discovery messages via the network
advertisement protocol during a discovery interval. In certain embodiments, means for
contending 430 with other devices of the plurality of mobile devices can be configured
to perform one or more of the functions described above with respect to block 330 (FIG.
3). In various embodiments, the means for contending 430 with other devices of the
plurality of mobile devices can be implemented by one or more of a processor 710, a

memory 732, wireless controller 740 or an RF interface 760 (FIG. 7).

[0040] The device 450 further includes means for contending 440 with other mobile
devices of the mobile device cluster to send another discovery message via the second
cluster protocol. In certain embodiments, means for contending 440 with other mobile

devices of the mobile device cluster to send another discovery message can be

S11 -



WO 2014/043710 PCT/US2013/060190

configured to perform one or more of the functions described above with respect to
block 340 (FIG. 3). In various embodiments, the means for contending 440 with other
mobile devices of the mobile device cluster to send another discovery message can be
implemented by one or more of a processor 710, a memory 732, wireless controller 740

or an RF interface 760 (FIG. 7).

[0041] Referring to FIG. 5, a particular example method of operation of one or more
mobile devices of the plurality of mobile devices 100 of FIG. 1 is depicted and
generally designated 500. The method 500 includes sending, by first mobile device, a
first discovery message via a network advertisement protocol common to the plurality
of mobile devices, at 510. In at least one embodiment, the first discovery message is a
discovery beacon associated with a communication protocol, such as an Institute of

Electrical and Electronics Engineers (IEEE) 802.11 protocol.

[0042] The first discovery message includes information specific to a mobile device
cluster that is a subset of the plurality of mobile devices (e.g., any of the mobile device
clusters 110, 120, 130 of FIG. 1). For example, the first discovery message may
advertise the mobile device cluster. The mobile device cluster may be associated with a
common mobile device application, such as a social-networking mobile device
application, a gaming mobile device application, or a combination thereof.
Alternatively or in addition, the information may indicate a wireless channel associated
with the mobile device cluster, a timing parameter associated with the mobile device
cluster, a network size of the mobile device cluster, the common application, or a
combination thereof. The wireless channel associated with the mobile device cluster
and the timing parameter associated with the mobile device cluster may be different
than a wireless channel associated with the network advertisement protocol and a timing

parameter associated with the network advertisement protocol.

[0043] At 520, a message is received from a second mobile device. The message is sent
based on the information specific to the mobile device cluster and using a second cluster
protocol that is different than the network advertisement protocol. For example, the
message may be sent according to the wireless channel and the timing parameter

indicated by the first discovery message.
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[0044] At 530, a second discovery message is received via the network advertisement
protocol. The second discovery message includes second information specific to a
second mobile device cluster that is a second subset of the plurality of mobile devices.
For example, the mobile device cluster may be any of the mobile device clusters 110,
120, 130, and the second mobile device cluster may be another of the mobile device

clusters 110, 120, 130.

[0045] At 540, the second information is used to communicate with at least a third
mobile device of the second mobile device cluster. For example, in at least one
embodiment, the first mobile device uses the second information to join the second

mobile device cluster.

[0046] One or both of the methods 300 and 500 of FIGS. 3 and 5 may be implemented
by a field-programmable gate array (FPGA) device, an application-specific integrated
circuit (ASIC), a processing unit such as a central processing unit (CPU), a digital signal
processor (DSP), a controller, another hardware device, firmware device, or any
combination thereof. As an example, one or both of the methods 300 and 400 can be

performed by a processor that executes instructions, as described further with respect to
FIG. 7.

[0047] Referring to FIG. 6, a functional block diagram of a particular illustrative
embodiment of a mobile device that sends a first discovery message of FIG. 1 is
illustrated. The device 650 can include means for sending 610 a first discovery message
via a network advertisement protocol with information specific to a mobile device
cluster that is a subset of a plurality of mobile devices. In certain embodiments, the
means for sending 610 a first discovery message can be configured to perform one or
more of the functions described above with respect to block 510 (FIG. 5). In various
embodiments, the means for sending 610 a first discovery message can be implemented

by an RF interface 760 (FIG. 7).

[0048] The device 650 further includes means for receiving 620 a message from a
second mobile device sent based on the information specific to the mobile device cluster
using a second cluster protocol. In certain embodiments, the means for receiving 620 a
message from a second mobile device can be configured to perform one or more of the

functions described above with respect to block 520 (FIG. 5). In various embodiments,
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the means for receiving 620 a message from a second mobile device can be

implemented by an RF interface 760 (FIG. 7).

[0049] The device 650 further includes means for receiving 630 a second discovery
message via the network advertisement protocol, the second discovery message
including second information specific to a second mobile device cluster that is a second
subset of the plurality of mobile devices. In certain embodiments, the means for
receiving 630 a second discovery message can be configured to perform one or more of
the functions described above with respect to block 530 (FIG. 5). In various
embodiments, the means for receiving 630 a second discovery message can be

implemented by an RF interface 760 (FIG. 7).

[0050] The device 650 further includes means for using 640 the second information to
communicate with at least a third mobile device of the second mobile device cluster. In
certain embodiments, the means for using 640 the second information to communicate
with at least a third mobile device can be configured to perform one or more of the
functions described above with respect to block 540 (FIG. 5). In various embodiments,
the means for using 640 the second information to communicate with at least a third
mobile device can be implemented by one or more of a processor 710, a memory 732,

wireless controller 740 or an RF interface 760 (FIG. 7).

[0051] Referring to FIG. 7, a particular illustrative embodiment of one or more of the
mobile devices of the plurality of mobile devices 100 of FIG. 1 is depicted and
generally designated 700. In the particular embodiment of FIG.7, the mobile device 700
includes a processor 710 coupled to at least one non-transitory computer readable
medium, such as a memory 732. In at least one embodiment, the memory 732 stores
instructions 756 to receive a first discovery message 790 via a network advertisement
protocol common to a plurality of mobile devices. The first discovery message 790
includes information specific to a mobile device cluster (e.g., one of the mobile device
clusters 110, 120, 130) that is a subset of the plurality of mobile devices 100. The
mobile device 700 may use the information to communicate with at least a second
mobile device of the mobile device cluster using a second cluster protocol that is

different than the network advertisement protocol.
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[0052] The processor 710 may include logic configured to, or may execute instructions
to, send a second discovery message 792 via the network advertisement protocol
common to the plurality of mobile devices 100. The second discovery message 792
includes information specific to a mobile device cluster (e.g., one of the mobile device
clusters 110, 120, 130) that is a subset of the plurality of mobile devices 100. The
processor 710 may include logic configured to, or may execute instructions to, receive a
message from a second mobile device sent based on the information using a second

cluster protocol that is different from the network advertisement protocol.

[0053] The memory 732 may store additional instructions, data, or a combination
thereof. For example, the memory 732 may store an application associated with a
mobile device cluster, such as one or more of the mobile device clusters 110, 120, 130,
such as a mobile device gaming application, a mobile device social networking
application, or a combination thereof. The application may be stored by each mobile
device of the mobile device cluster. Further, each mobile device of the plurality of
mobile devices 100 may store at a memory (e.g., at the memory 732) information
related to the network advertisement protocol (e.g., an identification of a wircless
channel associated with the network advertisement protocol, an identification of one or
more timing parameters associated with the network advertisement protocol, such as a
duration and/or start time of a discovery interval associated with the network
advertisement protocol, a network size associated with the plurality of devices 100, or a
combination thereof). Further, each mobile device of each particular mobile device
cluster may store at a memory (e.g., at the memory 732) information related to a
protocol associated with the particular mobile device cluster (e.g., an identification of a
wireless channel associated with the particular mobile device cluster, an identification
of one or more timing parameters associated with the particular mobile device cluster,
such as a duration and/or start time of a discovery interval associated with the particular
mobile device cluster, a network size associated with the particular mobile device

cluster, or a combination thereof).

[0054] FIG. 7 also shows a display controller 726 that is coupled to the digital signal
processor 710 and to a display 728. A coder/decoder (CODEC) 734 can also be coupled
to the digital signal processor 710. A speaker 736 and a microphone 738 can be
coupled to the CODEC 734. FIG. 7 also indicates that a wireless controller 740 can be

-15-
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coupled to the digital signal processor 710, to a radio frequency (RF) interface (e.g., a

transceiver) 760, and to a wireless antenna 742.

[0055] In a particular embodiment, the DSP 710, the display controller 726, the
memory 732, the CODEC 734, and the wireless controller 740 are included in a system-
in-package or system-on-chip device 722. In a particular embodiment, an input device
730 and a power supply 744 are coupled to the system-on-chip device 722. Moreover,
in a particular embodiment, as illustrated in FIG. 7, the display 728, the input device
730, the speaker 736, the microphone 738, the RF interface, the wireless antenna 742,
and the power supply 744 are external to the system-on-chip device 722. However,
each of the display 728, the input device 730, the speaker 736, the microphone 738, the
RF interface 760, the wircless antenna 742, and the power supply 744 can be coupled to

a component of the system-on-chip device 722, such as an interface or a controller.

[0056] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented as electronic hardware,
computer software executed by a processor, or combinations of both. Various
illustrative components, blocks, configurations, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or processor executable instructions depends upon the
particular application and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the present disclosure.

[0057] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in random access memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable programmable read-only memory (EEPROM),
registers, hard disk, a removable disk, a compact disc read-only memory (CD-ROM), or
any other form of non-transient storage medium known in the art. An exemplary

storage medium is coupled to the processor such that the processor can read information
- 16 -
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from, and write information to, the storage medium. In the alternative, the storage
medium may be integral to the processor. The processor and the storage medium may
reside in an application-specific integrated circuit (ASIC). The ASIC may reside in a
computing device or a user terminal. In the alternative, the processor and the storage

medium may reside as discrete components in a computing device or user terminal.

[0058] The previous description of the disclosed embodiments is provided to enable a
person skilled in the art to make or use the disclosed embodiments. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the principles defined herein may be applied to other embodiments without
departing from the scope of the disclosure. Thus, the present disclosure is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope
possible consistent with the principles and novel features as defined by the following

claims.
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WHAT IS CLAIMED IS:

1. A method of communication among mobile devices, comprising:

receiving, by a first mobile device, a first discovery message via a network
advertisement protocol common to a plurality of mobile devices, wherein
the first discovery message includes information specific to a mobile
device cluster that is a subset of the plurality of mobile devices; and

using the information to communicate with at least a second mobile device of
the mobile device cluster using a second cluster protocol that is different

than the network advertisement protocol.

2. The method of claim 1, the plurality of mobile devices forming a

neighborhood-aware network (NAN).

3. The method of claim 1, the mobile device cluster comprising mobile devices

configured to execute a common mobile device application.

4. The method of claim 3, wherein the common mobile device application is a
social networking mobile device application, a gaming mobile device application, or a

combination thereof.

5. The method of claim 3, wherein the information is selected from the group
consisting of information indicating a wireless channel associated with the mobile
device cluster, information indicating a timing parameter associated with the mobile
device cluster, information indicating a network size of the mobile device cluster or

information indicating the common mobile device application.

6. The method of claim 5, wherein communicating with the second mobile
device includes querying the second mobile device for additional information associated
with the mobile device cluster, joining the mobile device cluster, sending a second
discovery message advertising the mobile device cluster via the second cluster protocol,

or a combination thereof.
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7. The method of claim 6, wherein sending the second discovery message
includes contending with other devices of the mobile device cluster to send the second

discovery message via the network advertisement protocol.

8. The method of claim 7, wherein contending to send the second discovery
message via the second cluster protocol includes:
at a start time associated with a discovery interval, awakening from a low-power
state to send the second discovery message;
selecting a randomized time within the discovery interval at which to send the
second discovery message; and
contending with other mobile devices of the mobile device cluster to send the

second discovery message via the second cluster protocol.

9. The method of claim 8, wherein contending to send the second discovery

message is performed according to a carrier sense multiple access (CSMA) technique.

10. The method of claim 1, further comprising:

in response to receiving the first discovery message, contending with other
devices of the plurality of mobile devices to send discovery messages via
the network advertisement protocol during a discovery interval;

if a mobile device of the mobile device cluster sends a second discovery
message associated with the mobile device cluster, ceasing contention for
a remainder of the discovery interval; and

if a mobile device of a second mobile device cluster that is not included in the
mobile device cluster sends a third discovery message, continuing
contention for a remainder of the discovery interval or until a mobile

device of the mobile device cluster sends a discovery message.

11. The method of claim 10, wherein contending to send the discovery

messages is performed according to a carrier sense multiple access (CSMA) technique.

12. The method of claim 1, wherein the first discovery message is a discovery

beacon.
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13. The method of claim 1, further comprising:

receiving a second discovery message via the network advertisement protocol,
wherein the second discovery message includes second information
specific to a second mobile device cluster that is a second subset of the
plurality of mobile devices; and

using the second information to communicate with at least a third mobile device

of the second mobile device cluster.

14. The method of claim 1, wherein the network advertisement protocol is
associated with a first wireless channel that is different than a second wireless channel
associated with the second cluster protocol, wherein the network advertisement protocol
is associated with a first timing parameter that is different than a second timing
parameter associated with the second cluster protocol, and wherein the first discovery

message indicates the second wireless channel and the second timing parameter.

15. The method of claim 14, wherein communicating with the second mobile
device includes:
in response to receiving the first discovery message, tuning a transceiver of the
first mobile device from the first channel to the second channel; and
receiving a second discovery message from the second mobile device at a time
determined by the second timing parameter via the second channel and

using the second cluster protocol.

-20 -



WO 2014/043710 PCT/US2013/060190

16. A mobile device for communication with other mobile devices comprising:
a processor; and
a memory coupled to the processor and storing instructions executable by the
processor to:
receive a first discovery message via a network advertisement protocol
common to a plurality of mobile devices, wherein the first
discovery message includes information specific to a mobile
device cluster that is a subset of the plurality of mobile devices;
and
use the information to communicate with at least a second mobile device
of the mobile device cluster using a second cluster protocol that is

different than the network advertisement protocol.

17. A method of communication among mobile devices comprising:

sending, by a first mobile device, a first discovery message via a network
advertisement protocol common to a plurality of mobile devices, wherein
the first discovery message includes information specific to a mobile
device cluster that is a subset of the plurality of mobile devices; and

receiving a message from a second mobile device sent based on the information
specific to the mobile device cluster using a second cluster protocol that

is different than the network advertisement protocol.

18. The method of claim 17, the plurality of mobile devices forming a

neighborhood-aware network (NAN).

19. The method of claim 17, the mobile device cluster comprising mobile

devices configured to execute a common mobile device application.

20. The method of claim 19, wherein the common mobile device application is
a social networking mobile device application, a gaming mobile device application, or a

combination thereof.

21. The method of claim 19, wherein the information is selected from the group

consisting of information indicating a wireless channel associated with the mobile
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device cluster, information indicating a timing parameter associated with the mobile
device cluster, information indicating a network size of the mobile device cluster or

information indicating the common mobile device application.

22. The method of claim 17, wherein the message from the second mobile
device includes a query for additional information associated with the mobile device

cluster.

23. The method of claim 17, wherein sending the first discovery message
includes contending with other devices of the mobile device cluster to send the first

discovery message via the network advertisement protocol.

24. The method of claim 17, further comprising sending a second discovery
message advertising the mobile device cluster via the second cluster protocol, wherein
contending to send the second discovery message includes:

at a start time associated with a discovery interval, awakening from a low-power

state to send the second discovery message;

selecting a randomized time within the discovery interval at which to send the

second discovery message; and

contending with other mobile devices of the mobile device cluster to send the

second discovery message via the second cluster protocol.

25. The method of claim 24, wherein contending to send the second discovery

message is performed according to a carrier sense multiple access (CSMA) technique.

26. The method of claim 17, wherein sending the first discovery message
includes:
contending with other devices of the plurality of mobile devices to send
discovery messages via the network advertisement protocol during a
discovery interval;
if a mobile device of the mobile device cluster sends a second discovery
message associated with the mobile device cluster, ceasing contention for

a remainder of the discovery interval; and
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if a mobile device of a second mobile device cluster that is not included in the
mobile device cluster sends a third discovery message, continuing
contention for a remainder of the discovery interval or until a mobile

device of the mobile device cluster sends a discovery message.

27. The method of claim 26, wherein contending to send the discovery

messages is performed according to a carrier sense multiple access (CSMA) technique.

28. The method of claim 17, wherein the first discovery message is a discovery

beacon.

29. The method of claim 17, further comprising:

receiving a second discovery message via the network advertisement protocol,
wherein the second discovery message includes second information
specific to a second mobile device cluster that is a second subset of the
plurality of mobile devices; and

using the second information to communicate with at least a third mobile device

of the second mobile device cluster.

30. The method of claim 17, wherein the network advertisement protocol is
associated with a first wireless channel that is different than a second wireless channel
associated with the second cluster protocol, wherein the network advertisement protocol
is associated with a first timing parameter that is different than a second timing
parameter associated with the second cluster protocol, and wherein the first discovery

message indicates the second wireless channel and the second timing parameter.

31. The method of claim 30, further comprising:

after sending the first discovery message, tuning a transceiver of the first mobile
device from the first channel to the second channel; and

sending a second discovery message at a time determined by the second timing

parameter via the second channel and using the second cluster protocol.
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32. A mobile device for communication with other mobile devices comprising:
a processor; and
a memory coupled to the processor and storing instructions executable by the
processor to:
send a first discovery message via a network advertisement protocol
common to a plurality of mobile devices, wherein the first
discovery message includes information specific to a mobile
device cluster that is a subset of the plurality of mobile devices;
and
receive a message from a second mobile device sent based on the
information specific to the mobile device cluster using a second
cluster protocol that is different than the network advertisement

protocol.

33. A computer-readable medium comprising instructions that when executed
by a computer causes the computer to perform a method of communication among
mobile devices, the method comprising:

receiving, by a first mobile device, a first discovery message via a network

advertisement protocol common to a plurality of mobile devices, wherein
the first discovery message includes information specific to a mobile
device cluster that is a subset of the plurality of mobile devices; and
using the information to communicate with at least a second mobile device of
the mobile device cluster using a second cluster protocol that is different

than the network advertisement protocol.

34. A computer-readable medium comprising instructions that when executed
by a computer causes the computer to perform a method of communication among
mobile devices, the method comprising:

sending, by a first mobile device, a first discovery message via a network

advertisement protocol common to a plurality of mobile devices, wherein
the first discovery message includes information specific to a mobile

device cluster that is a subset of the plurality of mobile devices; and
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receiving a message from a second mobile device sent based on the information
specific to the mobile device cluster using a second cluster protocol that

is different than the network advertisement protocol.

35. An apparatus for communicating among mobile devices, comprising:

means for receiving a first discovery message via a network advertisement
protocol common to a plurality of mobile devices, wherein the first
discovery message includes information specific to a mobile device
cluster that is a subset of the plurality of mobile devices; and

means for using the information to communicate with at least a second mobile
device of the mobile device cluster using a second cluster protocol that is

different than the network advertisement protocol.

36. An apparatus for communicating among mobile devices, comprising:

means for sending a first discovery message via a network advertisement
protocol common to a plurality of mobile devices, wherein the first
discovery message includes information specific to a mobile device
cluster that is a subset of the plurality of mobile devices; and

means for receiving a message from a second mobile device sent based on the
information specific to the mobile device cluster using a second cluster

protocol that is different than the network advertisement protocol.
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