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1
METHOD AND APPARATUS FOR
DISCOVERING NEIGHBORHOOD
AWARENESS NETWORKING DEVICES
USING A SURROGATE DEVICE

FIELD OF THE DISCLOSURE

The present disclosure relates generally to wireless com-
munication and more specifically to discovering neighbor-
hood awareness networking communication devices using a
surrogate neighborhood awareness networking device.

BACKGROUND

The popularity of proximity-based social and mobile
services has grown significantly over the last few years, and
the expectation is that it will continue to do so for the
foreseeable future as the mobile ecosystem evolves. To meet
demand for such services, neighborhood awareness net-
working (NAN) technology, such as Wi-Fi Aware™, was
developed. A NAN protocol allows for the bidirectional
sharing of information directly between nearby or proximate
NAN devices without the need for an intermediary device
such as a base station, access point, router, or other infra-
structure device and without the need for a network con-
nection. Accordingly, a NAN protocol is a proximity-based
protocol that provides for transmissions and scanning pro-
cedures which facilitate NAN devices discovering other
NAN devices within range or proximity, wherein a discov-
ered NAN device, for instance, offers information or a
service meeting a specified criteria.

One shortcoming relates to the current mechanism for
locating or discovering other NAN devices within range. To
do this, for instance using Wi-Fi Aware™, NAN devices
continuously transmit NAN discovery beacon frames while
also scanning for the NAN discovery beacon frames of other
NAN devices. However, the transmission of and scanning
for NAN discovery beacon frames comes at a power cost. In
some cases, measurements and estimates show and predict
that transmitting and scanning for NAN discovery beacon
frames can account for approximately 50% of a mobile
device’s average power consumption over the course of a
day.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying figures, where like reference numbers
refer to identical or functionally similar elements throughout
the separate views, form part of the specification and illus-
trate embodiments in accordance with the included claims.

FIG. 1 shows a first communication device performing a
surrogate NAN scanning role to scan for NAN communi-
cation devices on behalf of a second communication device,
in accordance with some embodiments.

FIG. 2 shows a block diagram of a NAN communication
device with internal components, in accordance with some
embodiments.

FIG. 3 shows a logical flow diagram illustrating a method
for a first communication device to perform NAN scanning
on behalf of a second communication device, in accordance
with some embodiments.

FIG. 4 shows a logical flow diagram illustrating a method
performed by the second communication device for sup-
pressing NAN scanning while the first communication
device performs NAN scanning on its behalf, in accordance
with some embodiments.
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FIG. 5 shows a schematic diagram of a first communica-
tion device performing NAN scanning on behalf of a second
communication device and the second communication
device suppressing NAN scanning, in accordance with some
embodiments.

FIG. 6 shows a schematic diagram of a first communica-
tion device suppressing NAN scanning, in accordance with
some embodiments.

Skilled artisans will appreciate that elements in the figures
are illustrated for simplicity and clarity and have not nec-
essarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated
relative to other elements to help to improve understanding
of embodiments of the present teachings. In addition, the
description and drawings do not necessarily require the
order presented. It will be further appreciated that certain
actions and/or steps may be described or depicted in a
particular order of occurrence while those skilled in the art
will understand that such specificity with respect to
sequence is not actually required.

The apparatus and method components have been repre-
sented, where appropriate, by conventional symbols in the
drawings, showing only those specific details that are per-
tinent to understanding the embodiments of the present
teachings so as not to obscure the disclosure with details that
will be readily apparent to those of ordinary skill in the art
having the benefit of the description herein.

DETAILED DESCRIPTION

Generally speaking, pursuant to various embodiments
described herein, the present disclosure provides a method
and apparatus for the discovery of NAN communication
devices. More specifically, a first communication device and
a second communication device share a common network
connection. The first communication device includes at least
one network interface coupled to a processor (also referred
to herein as a processing element). The network interface is
to form the common network connection with the second
communication device and to receive a NAN transmission.
The processor is to determine to perform a surrogate NAN
scanning role relative to the second communication device
(which correspondingly performs a subordinate NAN scan-
ning role), detect the NAN transmission while performing
the surrogate scanning role, and notity the second commu-
nication device and determine to discontinue the surrogate
scanning role in response to detecting the NAN transmis-
sion.

Thus, in accordance with described embodiments, sup-
pressing NAN scanning can provide the second communi-
cation device the benefit of power savings over executing
unsuppressed NAN scanning. This benefit is enhanced
when, for example, the second communication device has a
lower power capability, e.g., less battery charge, lack of
access to an alternating current (AC) power source, etc.,
relative to the first communication device.

NAN communication devices, also referred to simply as
communication devices or NAN devices, are electronic
devices configured to operate in accordance with a NAN
protocol, such as Wi-Fi Aware™, by sending and scanning
for NAN transmissions, such as NAN discovery beacon
frames, NAN synchronization beacon frames, and NAN
service discovery frames, in order to discover other NAN
devices. NAN discovery beacon frames are also referred to
simply as discovery beacon frames. A non-exhaustive list of
electronic devices which can operate as NAN devices
includes smartphones, phablets, tablets, laptops, e-book
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readers, portable media players, portable gaming devices,
athletic monitoring devices, GPS navigation devices, desk-
top computers, and servers.

FIG. 1 shows a NAN device 102 having a common
network connection with a NAN device 104; wherein a first,
e.g., 104, of these two NAN devices performs scanning, on
behalf of a second, e.g., 102, of these two NAN devices, to
discover other NAN devices. Communication devices hav-
ing a common network connection means that the commu-
nication devices are, during some time period, simultane-
ously connected to the same network.

For one example, the NAN devices 102 and 104 have a
common network connection by virtue of a direct wireless
link 106 formed between the devices, such that the devices
can communicate without using an intermediary device. The
direct link 106 can be formed, for instance, using a wireless
peer-to-peer (P2P) technology, such as Miracast, LTE-Di-
rect, WiFi-Direct, Tunneled Direct Link Setup, Bluetooth
low-energy (BLE), or any other suitable technology that
enables establishing direct wireless links.

For another example, the NAN devices 102 and 104 have
a common network connection by virtue of the devices both
being connected to a same wireless network 130 such that
the devices can communicate using an intermediary device,
such as a base station or access point. As a particular
illustration, the NAN devices 102 and 104 can have a
common network connection when the NAN device 102
forms a wireless link 124 with an access point 122 within the
Wi-Fi network 130 during a same time period that the NAN
device 104 forms a wireless link 126 with the access point
122.

For another example, the NAN devices 102 and 104 have
a common network connection by virtue of a wired connec-
tion, such as a USB connection, between the devices 102,
104. For another example, the NAN devices 102 and 104
have a common network connection by virtue of direct
communications between the devices using another protocol
such as, a NAN protocol, a near-field communication (NFC)
protocol, or another short-range wireless communication
protocol. For another example, the NAN devices 102 and
104 have a common network connection by virtue of the
devices both being connected to the network 130 using a
different type of wireless communication technology such as
a cellular technology or a different wireless local area
technology (WLAN) technology. Additionally, the NAN
devices 102 and 104 can have a common network connec-
tion by virtue of the devices being connected using any other
suitable ad hoc or non-ad hoc wireless technology.

Also shown are three NAN devices 110, 112, 114 oper-
ating in a NAN cluster 108 and an isolated NAN device 128
not belonging to a NAN cluster. The NAN devices 102, 104,
110, 112, 114, and 128 are configured to implement a NAN
protocol by which these devices 102, 104, 110, 112, 114, 128
transmit NAN discovery beacon frames and scan for NAN
discovery beacon frames transmitted by other NAN devices
to facilitate the discovery of NAN devices and NAN clus-
ters. For a particular embodiment, the NAN devices 102,
104, 110, 112, 114, and 128 are configured in accordance
with the “Neighbor Awareness Networking Technical Speci-
fication,” Version 1.0, hereinafter “NANTSv1.0,” issued by
the Wi-Fi Alliance with regard to its Wi-Fi Aware™ program
to transmit and scan for NAN discovery beacon frames,
which are modified IEEE 802.11 beacon management
frames. A more detailed description of a NAN device
transmitting NAN discovery beacon frames and scanning for
NAN discovery beacon frames is provided by reference to
FIG. 5.
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Turning momentarily to FIG. 5, a second 504 of two
pictured presentations 502 and 504 shows the NAN device
102 transmitting NAN discovery beacon frames 582 and
performing NAN scanning 584 between the transmissions of
the NAN discovery beacon frames 572. Presentation 504
also shows the NAN device 104 transmitting NAN discov-
ery beacon frames 572 and performing NAN scanning 574
between the transmissions of the NAN discovery beacon
frames 572. Using the presentation 504, the NAN device
102 performing unsuppressed NAN scanning 584 and
unsuppressed transmitting of the NAN discovery beacon
frames 582 is described next in detail. This description also
applies to the NAN device 104 performing unsuppressed
NAN scanning 574 and unsuppressed transmitting of the
NAN discovery beacon frames 572, although a similar
detailed description is not repeated for brevity.

As used herein, a time interval between consecutive NAN
discovery beacon frames transmitted by the same NAN
device is referred to as an “interframe time interval.” An
interframe time interval for the NAN discovery beacon
frames 582 is indicated in presentation 504 at 586. The
NANTSv1.0 specifies a time between consecutive NAN
discovery beacon frames transmitted by the same NAN
device of between 50 time units (TUs) and 200 TUs.
However, for some embodiments, the interframe time inter-
val is longer than 200 TUs.

For some embodiments, a TU is an arbitrary unit of time
that indicates a relative relationship between times specified
herein and/or with times indicated in TUs appearing within
the NANTSv1.0 and other technical specifications directed
to NAN operations. In other embodiments, a TU represents
1024 microseconds, in accordance with one or more of the
Institute of FElectrical and Electronics Engineers (IEEE)
802.11 standards. For a particular embodiment, a TU is
equivalent to a millisecond.

Indicated at 588 is a scanning time interval for the NAN
device 102. A scanning time interval is the length of time a
NAN device scans for NAN discovery beacon frames of
other NAN devices between transmissions of its own NAN
discovery beacon frames. In presentation 504, for example,
the NAN devices 102 and 104 continuously scan 584, 574,
respectively, for NAN discovery beacon frames of other
NAN devices from the termination of its own NAN discov-
ery beacon frame 582, 572, respectively, to the beginning of
its next NAN discovery beacon frame.

The NAN discovery beacon frames 582 and 572 make the
NAN devices 102 and 104 discoverable to the NAN device
128, provided that the NAN device 128 is performing NAN
scanning and is within range to receive the NAN discovery
beacon frames 582 and 572. Similarly, the NAN devices 102
and 104, while scanning 584, 574, discover the NAN device
128 when the devices 102, 104 receive NAN discovery
beacon frames from the NAN device 128.

Carried within NAN discovery beacon frames are NAN
information elements (IEs). Furthermore, NAN attributes
are incorporated in the NAN IEs, which, for some embodi-
ments, adhere to a vendor-specific implementation. Each
NAN device can both generate NAN IEs for transmission
and decode received NAN IEs. A NAN IE carried by a NAN
discovery beacon frame received from the NAN device 128
communicates to the NAN device 102 or 104 a service
and/or information being sought or offered by the NAN
device 128. If the service and/or information being sought or
offered by the NAN device 128 is being offered or sought,
respectively, by the NAN device 102 or 104 then the NAN
device 102 or 104 form a direct connection with the NAN
device 128 using a protocol sufficient to provide the service
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and/or information. The direct connection, using, for
example, Wi-Fi direct or some other P2P, occurs without the
need for local area network (LAN) or wide area network
(WAN) infrastructure.

Individual NAN devices which have discovered one
another can also group into a NAN cluster. A NAN cluster
is a collection of NAN devices that share a common set of
NAN parameters and are synchronized to the same discov-
ery window schedule, for instance as specified in the
NANTSv1.0. The NAN devices 110, 112, 114 of the NAN
cluster 108 send and receive NAN transmissions between
themselves, as indicated at 116, 118, and 120. Using the
transmissions, the NAN devices 110, 112, 114 participate in
a NAN master device selection procedure, which is based on
a relative ranking of parameters between the NAN devices
110, 112, 114. The NAN device elected as master, taken to
be the NAN device 110, controls the timing of cluster 108
operations. The subordinate NAN devices 112 and 114
synchronize with the master NAN device 110 to determine
the discovery window schedule and the timing of NAN
synchronization beacon frames.

All of the NAN devices 110, 112, 114 operating in the
NAN cluster 108 transmit and receive NAN service discov-
ery frames to communicate available services and informa-
tion. Only the master NAN device 110, however, transmits
NAN discovery beacon frames. The subordinate NAN
devices 112, 114 discontinue transmitting NAN discovery
beacon frames until such time as they assume the role of the
master device or are no longer participating in the NAN
cluster 108. The NAN cluster 108 is discoverable to the
NAN devices 102 and 104 by NAN discovery beacon
frames being transmitted by the master NAN device 110.

FIG. 2 shows a block diagram of a NAN device 200 in
accordance with embodiments of the present teachings. For
a particular embodiment, the NAN device 200 represents the
NAN devices 102 and 104. Included within the NAN device
200 is: a NAN transceiver 202; a processing element or
processor 204; memory 206; an alternate network interface
208; a power supply 210; and a user interface 212, which are
all operationally interconnected by internal connections,
such as a bus 214.

A limited number of device components 202, 204, 206,
208, 210, 212, 214 are shown within the NAN device 200 for
ease of illustration. Other embodiments may include a lesser
or greater number of components in a NAN device. More-
over, other components needed for a commercial embodi-
ment of a NAN device that incorporates the components
202,204, 206, 208, 210, 212, 214 shown for the NAN device
200 are omitted from FIG. 2 for clarity in describing the
enclosed embodiments.

In general, one or more of the device components 202,
204, 206, 208, 210, 212, 214 are configured with function-
ality in accordance with embodiments of the present disclo-
sure as described herein with respect to the remaining
figures. “Configured,” “adapted,” “operative,” or “capable,”
as used herein, means that indicated components are imple-
mented using one or more hardware elements, which may or
may not be programmed with software and/or firmware, as
the means for the indicated components to implement their
desired functionality. For an example, at least one of the
components 202, 204, 206, 208, 210, 212, 214 can be
configured through executing algorithms consistent with the
diagrams shown in FIGS. 3, 4, 5 and 6 and the accompa-
nying description.

For one embodiment, the NAN device 104 uses one or
more of the components 202, 204, 206, 208, 210, 212, 214
to perform a method for NAN scanning on behalf of another
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NAN device, such as the NAN device 102, for instance, as
described below by reference to FIG. 3. The method
includes detecting a common network connection with a
second communication device. The method further includes
determining to perform NAN scanning on behalf of the
second communication device and detecting a NAN trans-
mission while performing the NAN scanning. The method
also includes notifying the second communication device
and discontinuing the NAN scanning on behalf of the second
communication device in response to detecting the NAN
transmission.

For another embodiment, the NAN device 102 uses one or
more of the components 202, 204, 206, 208, 210, 212, 214
to perform a method for suppressing NAN scanning to allow
NAN scanning on its behalf by another NAN device, such
as the NAN device 104, for instance as described below by
reference to FIG. 4. The method includes detecting a com-
mon connection with a first communication device and
suppressing NAN scanning. The method further includes
receiving a notification from the first communication device,
wherein the notification indicates a detected NAN transmis-
sion, and discontinuing the suppressing of the NAN scan-
ning in response to receiving the notification.

More particularly regarding the operation of the compo-
nents 202, 204, 206, 208, 210, 212, 214, the processing
element 204, for instance, includes arithmetic logic and
control circuitry necessary to perform the digital processing,
in whole or in part, for the NAN device 200 to perform
surrogate NAN scanning on behalf of another NAN device
or for the NAN device 200 to suppress NAN scanning while
performing a subordinate NAN scanning role, in accordance
with described embodiments for the present teachings. For
one embodiment, the processing element 204 represents a
primary microprocessor, also referred to as a central pro-
cessing unit (CPU), of the NAN device 200. For example,
the processing element 204 can represent an application
processor of a tablet. In another embodiment, the processing
element 204 is an ancillary processor separate from the
CPU, for instance included within or used with the NAN
transceiver 202 or the alternate network interface 208,
wherein the ancillary processor is dedicated to providing the
processing capability, in whole or in part, needed for the
components 202, 206, 208, 210, 212, 214 of the NAN device
200 to perform at least some of their intended functionality.

For example, the processing element 204 performs NAN
functionality by implementing a NAN protocol to transmit
and scan for NAN transmissions. For a particular embodi-
ment, the processing element 204 implements a NAN dis-
covery engine that creates, decodes, and filters NAN dis-
covery frames such as NAN discovery beacon frames and
NAN service discovery frames. The processing element 204
further implements a NAN medium access control (MAC)
protocol that: coordinates with the NAN transceiver 202 to
look, e.g., scan, for received frames and determine whether
the received frames are NAN discovery frames; coordinates
with the NAN transceiver 202 to transmit NAN discovery
frames; forwards detected NAN discovery frames to the
NAN discovery engine for decoding and filtering; and
obtains and maintains synchronization in a NAN cluster
within which the NAN device 200 is operating.

The memory 206 provides storage of electronic data used
by the processing element 204 in performing its function-
ality. For example, the processing element 204 can use the
memory 206 to load applications, save settings, and/or store
files associated with the discovery of and communication
with other NAN devices. In one embodiment, the memory
206 represents random access memory (RAM). In other
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embodiments, the memory 206 represents volatile or non-
volatile memory. For a particular embodiment, a portion of
the memory 206 is removable. For example, the processing
element 204 can use RAM to cache data while it uses a
micro secure digital (microSD) card to store files associated
with functionality performed in conjunction with discover-
ing NAN devices.

The NAN transceiver 202 is a network interface that
includes components which allow it to both send and receive
NAN transmissions, such as NAN transmissions identified
in the NANTSv1.0. In some embodiments, these transmis-
sions are sent and received on Wi-Fi channel 6 (2.437 GHz)
in the 2.4 GHz frequency band. In other embodiments, the
transmissions are sent and received on Wi-Fi channel 44
(5.220 GHz) and/or channel 149 (5.745 GHz) in the 5 GHz
frequency band. For described embodiments, NAN trans-
missions include NAN discovery beacon frames and NAN
service discovery frames, such as publish and/or subscribe
messages.

The alternate network interface 208 can include a trans-
ceiver configured to send and receive wireless transmissions
that are not NAN transmissions. For some embodiments, the
alternate network interface 208 includes a WLAN trans-
ceiver that enables the NAN device 200 to access the
Internet using standards such as Wi-Fi or WiGig and/or a
cellular transceiver that enables the NAN device 200 to
engage in information exchange sessions, such as calls or
message exchange sessions, with other communication
devices using one or more cellular networks. An example
Wi-Fi transceiver operates in accordance with an IEEE
802.11 (e.g., a, b, g, n, ac, or ad) standard to communicate
with other devices in the 2.4 GHz, 3.65 GHz, 4.9 GHz, 5
GHz, 5.9 GHz, and/or 60 GHz frequency bands. An example
cellular transceiver uses: 3G wireless technologies such as
CDMA2000 and Universal Mobile Telecommunications
System (“UMTS”) networks; 4G technologies such as Long-
Term Evolution (LTE) and WiMAX; or 5G technologies.

For other embodiments, the alternate network interface
208 enables the NAN device 200 to establish direct links,
short-range links, or otherwise engage in direct communi-
cations with another communication device without using an
intermediary device. Additionally, the alternate network
interface 208 can facilitate a wired connection with another
communication device.

The user interface 212 represents a set of one or more
components that allow for communication between the
NAN device 200 and a user, owner, and/or programmer of
the NAN device 200. In some embodiments, the user
interface 212 includes an input component, such a keypad,
which allows an individual to enter data into the NAN
device 200. A user, for example, might use the input com-
ponent 212 to provide an application executing on the NAN
device 200 with criteria by which particular services in
which the user is interested may be identified. In other
embodiments, the user interface 212 includes an output
component, such a display or speaker, which allows an
individual to receive information from the NAN device 200.
The NAN device 200 might present notifications of avail-
able services for which the user has indicated interest. For
additional embodiments, the user interface 212 includes
both an input component and an output component, which
allow for a bi-directional flow of information between the
user and the NAN device 200. The NAN device 200, for
example, might include a touchscreen configured for dis-
playing images and text and also for receiving tactile input.

The power supply 210 represents a power source that
supplies electric power to the device components 202, 204,
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206, 208, 212, 214, as needed, during the course of their
normal operation. The power is supplied to meet the indi-
vidual voltage and load requirements of the device compo-
nents 202, 204, 206, 208, 212, 214 that draw electric current.
For some embodiments, the power supply 210 is a wired
power supply that provides direct current from alternating
current using a full- or half-wave rectifier. For other embodi-
ments, the power supply 210 is a battery that powers up and
runs a portable NAN device. For a particular embodiment,
the battery 210 is a rechargeable power source. A recharge-
able power source for a NAN device is configured to be
temporarily connected to another power source external to
the NAN device to restore a charge of the rechargeable
power source when it is depleted or less than fully charged.
In another embodiment, the battery 210 is simply replaced
when it no longer holds sufficient charge.

A detailed description of the functionality of a first
communication device, taken in this example to be the NAN
device 104 shown in FIG. 1, using the components shown in
FIG. 2 is provided with reference to FIGS. 3 and 5. FIG. 3
shows a logical flow diagram illustrating a method 300
performed by the NAN device 104, for instance, for per-
forming NAN scanning on behalf of a second communica-
tion device, taken in this example to be the NAN device 102.
The NAN device 104 can perform the method 300 relative
to one other NAN device or relative to multiple NAN
devices for which the NAN device 104 has a common
network connection.

At block 302, the NAN device 104 detects a common
network connection with the NAN device 102. For example,
the NAN device 104 detects that it is connected to the same
Wi-Fi network as the NAN device 102. For instance, the
laptop 104 and smartphone 102 of a user are connected, as
indicated at 126 and 124, respectively, to the Wi-Fi network
130 of a local library. The smartphone 102 and laptop 104
exchange messages through the Wi-Fi network 130 which
enable the communication devices 102 and 104 to know that
they are connected to the same Wi-Fi network 130. For
another example, the laptop 104 and smartphone 102 have
a direct, e.g., USB, BLE, Wi-Fi Direct, TDLS, etc., connec-
tion, which the NAN device 104 detects.

Since it was determined 302 that both communication
devices 102 and 104 have a common network connection,
the NAN device 104 determines 310 to perform a surrogate
NAN scanning role relative to the NAN device 102. In other
words, the NAN device 104 determines 310 to and performs
314 NAN scanning on behalf of the NAN device 102. The
NAN device 104 performing NAN scanning “on behalf” of
the NAN device 102 means that, during a time that the NAN
device 102 suppresses NAN scanning, the NAN device 104
searches for a NAN transmission from another NAN device
which will trigger the NAN device 104 to report back to the
NAN device 102.

Presentation 502 of FIG. 5 illustrates the NAN device 104
performing NAN scanning 554 on behalf of the NAN device
102. In this particular example, the NAN device 104 sends
out NAN discovery beacon frames 552 and performs unsup-
pressed and continuous NAN scanning 554 between the
NAN discovery beacon frames 552. Continuous NAN scan-
ning occurs without interruption, notwithstanding the dura-
tion of NAN discovery beacon frame transmissions, or other
NAN transmissions, for which NAN scanning may briefly
cease. In presentation 502, for example, NAN scanning 554
is continuous, occurring at every time a NAN discovery
beacon frame 552, or other NAN frame, is not being
transmitted. For embodiments in accordance with the
NANTSv1.0, the interframe time intervals between the



US 10,341,943 B2

9

NAN discovery beacon frames 552 are between 50 to 200
TUs, and the scanning time intervals 554 refer to continuous
NAN scanning blocks between the NAN discovery beacon
frames 552.

For one embodiment, the NAN device 104 determines
310 to perform the NAN scanning on behalf of the second
communication device 102 based on at least one parameter.
Namely, at a block 304, the NAN device 104 determines at
least one parameter for the NAN devices 102 and 104. The
one or more parameters alone or in combination can include,
but are not limited to, power capability, priority, and trans-
ceiver capability. For example, the NAN devices 102 and
104 exchange the parameters; the NAN device 104 receives
the parameters from the NAN device 102; and/or the NAN
device 102 and/or 104 derives the parameters. These can be
parameters stored in the NAN devices 102 and/or 104 such
as priority and transmit power or parameters determined
real-time such as power capability, priority, and received
signal strength.

Power capability means the power available to a commu-
nication device to operate, whether from an internal or
external power source or both. Priority indicates a prefer-
ence of one communication device over another communi-
cation device. Such priority can be based on, for instance;
the type of communication device, e.g., a smartphone has a
higher priority than a tablet; a priority set by a user of the
communication device; a factory set preference; an algo-
rithm to determine priority based on current usage, e.g., a
tablet is assigned a higher priority when video is playing on
the tablet, or the smartphone is assigned a higher priority
during an active voice call; etc. Transceiver capability
concerns for instance, quality indicators for the transceiver’s
operation such as transmit power, transmit range, receiver
sensitivity, and received signal strength, to name a few.

The NAN device 104 participates 306 in a ranking
process based on the at least one parameter to relatively rank
the NAN devices 102 and 104 as to which communication
device performs the surrogate NAN scanning role and which
communication device performs the subordinate scanning
role. The ranking process can be based on one or multiple
parameters and can use any suitable algorithm.

For one example, as a result of the ranking process 306
based on power capability as a parameter, the NAN device
104 determines 310 to perform NAN scanning on behalf of
the NAN device 102 based on determining that the NAN
device 104 has a higher power capability than the NAN
device 102. For instance, power capability can be deter-
mined based on one or more of battery capacity, instanta-
neous drain, remaining batter charge, whether connected to
a wall socket or not, etc. In one example scenario, the NAN
device 104 is connected to wall socket, while the NAN
device 102 is not; so the NAN device 104 performs the
surrogate NAN scanning role. In another example scenario,
the NAN device 104 has more remaining battery charge than
the NAN device 102; so the NAN device 104 performs the
surrogate NAN scanning role. For another example scenario,
the NAN device 102 is a lower-powered paired smaller
device (e.g., a smartwatch, smart glasses, etc.) to the NAN
device 104; so the NAN device 104 performs the surrogate
NAN scanning role.

For another example, as a result of the ranking process
306 based on power capability as a parameter, the NAN
device 104 determines 310 to perform NAN scanning on
behalf of the NAN device 102 based on determining that the
NAN device 104 has a lower power capability than the NAN
device 102. In one example scenario, the remaining battery
charge of the NAN device 104 falls below a threshold
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battery charge, for instance 25%. The NAN device 104 is,
thereby, selected to perform the surrogate NAN scanning
role to preserve the remaining battery charge of the NAN
device 102, which is above the threshold battery charge.

For another example, as a result of the ranking process
306 based on priority as a parameter, the NAN device 104
determines 310 to perform NAN scanning on behalf of the
NAN device 102 based on determining that the NAN device
104 has a lower priority than the NAN device 102. For one
example scenario, the tablet or laptop 104 and smartphone
102 of a user are connected to the Wi-Fi network 130 at the
library but neither device is connected to a wall charger. The
user selects the smartphone 102 as a higher priority device
to preserve the battery life of the smartphone 102 for use
after leaving the library. Accordingly, the NAN device 104
performs the surrogate NAN scanning role. Alternatively,
the tablet 104 is automatically selected as having a lower
priority than the tablet 102 by virtue of the types of device.

For another example, as a result of the ranking process
306 based on transceiver capability as a parameter, the NAN
device 104 determines 310 to perform NAN scanning on
behalf of the NAN device 102 based on determining that the
NAN device 104 has a higher transceiver capability than the
NAN device 102. For one example scenario, where the
transceiver for the NAN device 104 has a longer transmit
range or transmit power capability than the NAN device
102, the NAN device 104 determines the NAN device 104
to have a higher transceiver capability. Additionally, where
the transceiver for the NAN device 104 has a higher received
signal strength or receiver sensitivity than the NAN device
102, the NAN device 104 determines the NAN device 104
to have a higher transceiver capability.

For another example, either no ranking process is per-
formed or the ranking process at 306 indicates that the NAN
devices 102 and 104 have equal or substantially similar
parameters and no relative ranking is possible. For this
example, the NAN device 104 determines 310 to perform
the NAN scanning on behalf of the NAN device 102 based
on a random or pseudorandom selection. For one example
scenario, both devices 102 and 104 are configured with a
random number generator or a pseudo-random number
generator to use in performing 308 a random or pseudo-
random selection. The resultant numbers from these genera-
tors, thereby, determine which device performs the surrogate
NAN scanning role and which device performs the subor-
dinate NAN scanning role. For instance, based on a particu-
lar algorithm, the NAN device 104 determines 310 to
perform the surrogate NAN scanning role when it generates
the higher number. Alternatively, the NAN device 104
determines 310 to perform the surrogate NAN scanning role
when it generates the lower number.

While performing 314 the NAN scanning on behalf of the
NAN device 102, the NAN device 104, at block 316, looks
for a NAN transmission. The NAN device 104 continues in
this surrogate NAN scanning role until detecting a NAN
transmission, at which time the NAN device 104 notifies 318
the NAN device 102 and discontinues the surrogate NAN
scanning role. For various embodiments, the NAN device
104 determining the detected transmission is a NAN trans-
mission includes determining that the detected transmission
has an information element identifying the detected trans-
mission as a NAN transmission.

In some embodiments, the information element includes
an organization unit identifier (OUI) which uniquely iden-
tifies a vendor, manufacturer, or other organization associ-
ated with the detected transmission. The OUI, in turn,
includes an indication which identifies the detected trans-
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mission as a NAN transmission, for instance, a hexadecimal
value used in a particular field or data location of the OUL.
For one embodiment, the information element is a NAN IE,
incorporating NAN attributes, which is carried with NAN
discovery beacon frames. When the NAN device 104
receives a NAN discovery beacon frame as a detected
transmission, the NAN device 104 determines from a hexa-
decimal value in an OUI-Type field that the detected trans-
mission is a NAN discovery beacon frame.

For some embodiments, the NAN device 104 determining
the detected transmission is a NAN transmission includes
determining that the detected transmission is part of a set of
reoccurring transmissions having a periodicity of between
50 and 200 TUs. The detected transmission, for instance, is
a NAN discovery beacon frame which is part of a set of
periodically reoccurring NAN discovery beacon frames
being transmitted by the NAN device 128 in a pattern
analogous to that illustrated in presentation 504 of FIG. 5.

In accordance with the NANTSv1.0, NAN discovery
beacon frames have a transmission periodicity of between
50 and 200 TUs. This is the time of transmission reoccur-
rence, or the interframe time interval, which is the same as
the reception periodicity or the time between the reception
of successive NAN discovery beacon frames. If the NAN
device 104 measures a periodicity of less than 50 TUs or
greater than 200 TUs, then the NAN device 104 determines
the detected transmission is not a NAN discovery beacon
frame. If, on the other hand, the NAN device 104 measures
a periodicity of between 50 and 200 TUs, then the NAN
device 104 determines the detected transmission is a NAN
transmission. In a particular embodiment, the NAN device
104 further decodes the OUI of the NAN transmission to
verify the detected transmission is a NAN transmission.

As illustrated in the presentation 502 of FIG. 5, the NAN
device 104 performs NAN scanning 554 for the NAN device
102 (which has suppressed NAN scanning). Upon detecting
a frame 556 that the NAN device 104 determines is a NAN
transmission, the NAN device 104 sends 318 a notification
566 to the NAN device 102. The notification 566 can be any
suitable communication or messaging to the NAN device
102.

For one example where the NAN devices 102 and 104 are
connected to the same Wi-Fi network 130, the NAN devices
102 and 104 implement the Wake on Wireless LAN (WoW-
LAN) standard, whereby the NAN device 104 broadcasts a
magic packet 566 that can be detected by the NAN device
102 as a notification to trigger the NAN device 102 to
discontinue suppressing NAN scanning. Similarly, where
the NAN devices 102 and 104 are connected to the same
wired LAN network, the NAN devices 102 and 104 can
implement the Wake-on-LLAN (WoL) standard, whereby the
NAN device 104 sends a magic packet 566 to trigger the
NAN device 102 to discontinue suppressing NAN scanning.

For one embodiment, the NAN device 104 sends 318 the
notification 566 to the NAN device 102 upon detecting any
type of NAN transmission 556. Alternatively, the NAN
device 104 sends 318 the notification 566 to the NAN device
102 only upon detecting a NAN transmission 556 that
identifies a service sought by the NAN device 102. Thus in
this embodiment, block 316 (detecting the NAN transmis-
sion) is satisfied only when a NAN transmission is detected
that identifies the particular service sought by the second
communication device 102.

To support this embodiment, the NAN device 104
receives 312 an indication of a service sought by the NAN
device 102. For example, a document is queued by the user
or an application for printing, and the NAN device 104
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receives 312 an indication that the NAN device 102 seeks
printing service. For one example, the NAN device 102
creates and sends to the NAN device 104 a NAN transmis-
sion, such as a NAN discovery beacon frame or a NAN
service discovery frame, which includes a service ID or
service descriptor attribute that identifies the printing ser-
vices sought. Any other suitable messaging can be used to
indicate to the NAN device 104 the particular service or
services sought by the NAN device 102.

For a particular embodiment, the NAN device 104 prop-
erly detects a NAN transmission when it detects a NAN
discovery beacon frame that identifies the service sought by
the second communication device. For example, while scan-
ning 554, the NAN device 104 detects a NAN discovery
beacon frame 556 from a printer device 128 while the user
is still in the library or when the user returns home. Upon
decoding and filtering the NAN discovery beacon frame
556, the NAN device 104 matches a service ID in the NAN
discovery beacon frame 556 with a service ID provided by
the NAN device 102. Accordingly, the NAN device 104
notifies 318 the NAN device 102 and discontinues the
surrogate NAN scanning role.

For another embodiment, the NAN device 104 properly
detects a NAN transmission when it detects a NAN service
discovery frame that identifies the service sought by the
second communication device. For one implementation sce-
nario, the NAN device 104 passively scans for a NAN
service discovery frame that indicates, e.g., using a service
ID or service descriptor attribute, the printing service sought
by the NAN device 102. For instance, while scanning 554,
the NAN device 104 detects a NAN discovery beacon frame
send by a NAN device 110 performing a master role for a
nearby NAN cluster 108. The NAN device 104 joins the
NAN cluster 108 and passively scans for a NAN service
discovery frame that includes a publish message which
identifies a printing service.

Alternatively, the NAN device 104 actively scans 554 for
the publish message. For this implementation scenario, the
NAN device 104 sends a subscribe message that identifies
the service sought by the second communication device,
while joined to the NAN cluster 108. Accordingly, the NAN
device 104 properly detects a NAN transmission when it
detects a NAN service discovery frame that includes a
publish message received in response to the subscribe mes-
sage. The NAN device 104 can use its own internal NAN
discovery engine to create the subscribe message or forward
a subscribe message created and provided by the NAN
device 102.

A detailed description of the functionality of a second
communication device, e.g., the NAN device 102 shown in
FIG. 1, using the components shown in FIG. 2 is provided
with reference to FIGS. 4 and 5. FIG. 4, for example, shows
a logical flow diagram illustrating a method 400 performed
by a NAN device, taken to be the NAN device 102, for
suppressing NAN scanning to allow another NAN device, in
this example the NAN device 104, to perform the NAN
scanning on its behalf. For some embodiments, the NAN
device 102 provides 412 an indication of a service sought by
the NAN device 102 for which the NAN device 104
searches.

The NAN device 102 detects 402 a common connection
with the NAN device 104, and determines 410 to suppress
NAN scanning, which NAN device 102 performs at block
414, thereby performing a subordinate NAN scanning role.
For one embodiment, the NAN device 102 determines 404
at least one parameter, such as power capability, priority,
and/or transceiver capability, for the NAN devices 102 and
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104 and participates 406 in a ranking process based on the
at least one parameter to relatively rank the NAN devices
102 and 104. The NAN device 102, thereby, determines 410
to suppress NAN scanning based on the results of the
relative ranking. For another embodiment, the NAN device
102 performs 408 a random or pseudo-random selection by
which the NAN device 102 determines 410 to suppress
NAN scanning. Functionality represented by blocks 402,
404, 406, 408, and 410 can be similarly performed as the
functionality represented by the corresponding blocks 302,
304, 306, 308, and 310 (of FIG. 3), respectively, the descrip-
tion of which is not repeated here for brevity.

The NAN device 102 suppresses 414 NAN scanning and
monitors 418 for a notification that indicates a detected
NAN transmission, such as monitoring for a magic packet or
other suitable massage. When, at block 420, such a notifi-
cation (e.g., notification 566 of FIG. 5) is detected, the NAN
device 102 discontinues 422 suppressing NAN scanning.
For an embodiment, the NAN device 102 begins or returns
to sending NAN discovery beacon frames 562 between
which the NAN device 102 continuously scans 564 for NAN
transmissions to detect the NAN transmissions 556 which
were detected by the NAN device 104.

Suppressing NAN scanning, indicated in block 414,
means that scanning for NAN transmissions by the NAN
transceiver 202 and processor 204 is curtailed either par-
tially or completely in comparison to when NAN scanning
is not suppressed. For some embodiments, NAN transmit-
ting is also suppressed, as indicated in block 416, when
suppressing the NAN scanning. This has the benefit of
further reducing the number of NAN transmissions sent over
the same channel. Turning to FIGS. 5 and 6, suppressing
NAN scanning and NAN transmitting is described in further
detail. The presentation 504 shown in FIG. 5, described
previously, graphically represents unsuppressed NAN scan-
ning by the NAN device 102. By contrast to the presentation
504, the presentation 502 of FIG. 5 and the presentations 606
and 608 of FIG. 6 illustrate suppressed NAN scanning.

For some embodiments, suppressing NAN scanning
includes disabling NAN scanning. This is illustrated in
presentation 502, which shows NAN scanning is discontin-
ued in that it is no longer performed by the NAN transceiver
202 and processor 204 of the NAN device 102 before
receiving the notification 566. Also absent from presentation
502 are any NAN discovery beacon frames transmitted by
the NAN transceiver 202. This reflects an embodiment
which further includes disabling a first type of NAN trans-
mission, in this case disabling transmitting NAN discovery
beacon frames, while suppressing NAN scanning. In other
instances, the NAN device 102 disables transmitting NAN
service discovery frames while suppressing NAN scanning.
For some embodiments, NAN transmitting is disabled alto-
gether while NAN scanning is suppressed.

For other embodiments, suppressing NAN scanning
includes reducing NAN scanning as compared to unsup-
pressed NAN scanning. In such embodiments, NAN scan-
ning is not completely curtailed. Presentation 606 illustrates
ways in which the NAN device 102 can partially suppress
NAN scanning and NAN transmitting. As compared to
presentation 504, for which no suppression occurs, every
other NAN discovery beacon frame is omitted from presen-
tation 606, along with the scanning time interval that imme-
diately followed the omitted NAN discovery beacon frames.
For scanning blocks 674 and NAN discovery beacon frames
672 that remain in presentation 606, the scanning time
intervals 678 are of the same length as the scanning time
intervals 588, but the interframe time intervals 676 have
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doubled as compared to the interframe time intervals 586 for
presentation 504. Accordingly, this embodiment illustrates
suppressing NAN transmissions by reducing a rate of send-
ing a first type of neighborhood awareness networking
transmission.

In other embodiments, NAN scanning and NAN trans-
mitting is suppressed by omitting different combinations of
NAN discovery beacon frames and associated scanning
blocks from the unsuppressed sequence in different patterns.
Labeling the sequence of presentation 504, without omis-
sions, as successive positive integers “1-2-3-4-5.” and the
sequence of every other NAN discovery beacon frame 672
and scanning block 674, illustrated in presentation 606, as
the sequence of successive odd integers “1-3-5-7-9,” for
example, other embodiments of suppressed scanning and
transmitting are represented by sequences “1-4-7-10-13,”
“1-2-4-5-7.” and “1-4-5-8-9.” Other embodiments represent
additional sequences associated with suppressing NAN
scanning and NAN transmitting.

For some embodiments, reducing NAN scanning includes
NAN scanning during scanning time intervals which are
discontinuous in time. Viewing the suppressed NAN scan-
ning and NAN transmitting illustrated in presentation 606
differently, the spacing of the NAN discovery beacon frames
582 and NAN scanning blocks 584 of the unsuppressed
presentation 504 is increased to yield the suppressed pre-
sentation 606. This increases the interframe time interval
from that indicated at 586 to that indicated at 676. The
scanning time interval 678 for scanning block 674, however,
is the same as the scanning time interval 588 for scanning
block 584. This results in suppressed NAN scanning that is
discontinuous. The scanning blocks 674 are separated from
one another by approximately the difference in time between
the interframe time interval 676 and the scanning time
interval 678.

Discontinuous NAN scanning occurs if there are periods
of time when a NAN device both is not sending a NAN
transmission and not performing NAN scanning. NAN
scanning is discontinuous in presentation 608, for example.
During the latter portion of time interval 690, the NAN
device 102 is not performing NAN scanning or sending a
NAN transmission. A scanning time interval 688, for
instance, is a discontinuous scanning time interval, whereas
the scanning time interval 588 is a continuous scanning time
interval.

In presentation 608, discovery beacon frames 682 are
distributed with an interframe time interval 686, which is
similar to the interframe time interval 676 for presentation
606. In presentation 608, however, a first type of NAN
transmission, in this case the transmission of the NAN
discovery beacon frames 682 is further suppressed in that
the NAN device 102 transmits them at a reduced power
level, or reduced transmit power, as compared to the trans-
mission of the NAN discovery beacon frames 672 or 582.
Scanning is also further suppressed in that scanning blocks
684 have the scanning time interval 688, which is shorter
compared to the scanning time intervals 678 and 588 for
scanning blocks 674 and 584, respectively. Thus for this
embodiment, suppressing NAN scanning includes reducing
a scanning time interval during which t