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SYSTEMS AND METHODS FOR SHARING CONTEXT INFORMATION IN A

NEIGHBOR AWARE NETWORK

FIELD

[0001] The present application relates generally to wireless communications

in a neighbor aware network, and more specifically to systems, methods, and devices

for sharing context information in a neighbor aware network.

BACKGROUND

[0002] In many telecommunication systems, communications networks are

used to exchange messages among several interacting spatially-separated devices.

Networks may be classified according to geographic scope, which could be, for

example, a metropolitan area, a local area, or a personal area. Such networks would be

designated respectively as a wide area network (WAN), metropolitan area network

(MAN), local area network (LAN), wireless local area network (WLAN), or personal

area network (PAN). Networks also differ according to the switching/routing technique

used to interconnect the various network nodes and devices (e.g. circuit switching vs.

packet switching), the type of physical media employed for transmission (e.g. wired vs.

wireless), and the set of communication protocols used (e.g. Internet protocol suite,

SONET (Synchronous Optical Networking), Ethernet, etc.).

[0003] Wireless networks are often preferred when the network elements are

mobile and thus have dynamic connectivity needs, or if the network architecture is

formed in an ad hoc, rather than fixed, topology. Wireless networks employ intangible

physical media in an unguided propagation mode using electromagnetic waves in the

radio, microwave, infra-red, optical, etc. frequency bands. Wireless networks

advantageously facilitate user mobility and rapid field deployment when compared to

fixed wired networks.

[0004] The devices in a wireless network may each be configured to provide

services. For example, a device may include hardware, such as a sensor, that is used to

capture data. An application running on the device may then use the captured data to

perform an operation. In some cases, the captured data may be useful to other devices

in the wireless network. The other devices in the wireless network could include similar

hardware so as to capture similar data. Alternatively, the device could provide these

services (e.g., the captured data) to the other devices in the wireless network. The



device may inform the other devices in the wireless network of the services that the

device provides by advertising this information over the wireless network. However, if

one or more devices in the wireless network advertise the services that each respective

device provides, this may result in increased power consumption by the respective

devices and/or increase a number of packet collisions in the wireless network. Thus,

improved systems, methods, and devices for communicating in a wireless network are

desired.

SUMMARY

[0005] The systems, methods, devices, and computer program products

discussed herein each have several aspects, no single one of which is solely responsible

for its desirable attributes. Without limiting the scope of this invention as expressed by

the claims which follow, some features are discussed briefly below. After considering

this discussion, and particularly after reading the section entitled "Detailed

Description," it will be understood how advantageous features disclosed provide for

distributed discovery and utilization of service or context information within a Neighbor

Aware Network (NAN).

[0006] One aspect of the disclosure provides a method of sharing context

information between wireless devices. The method includes receiving, by a device, a

discovery query, the discovery query indicating one or more requested context

parameters, receiving, by the device one or more responses to the discovery query, each

response indicating a transmitter of the response can provide an indicated one or more

of the requested context parameters, determining the requested context parameters that

can be provided by the device, and transmitting, by the device, a response to the query,

the response indicating the context parameters that can be provided by the device.

[0007] Another aspect disclosed is an apparatus for sharing context

information between wireless devices. The apparatus includes a receiver configured to

receive a discovery query, the discovery query indicating one or more requested context

parameters, a receiver configured to receive one or more responses to the discovery

query, each response indicating a transmitter of the response can provide an indicated

one or more of the requested context parameters, a hardware processor configured to

determine the requested context parameters that can be provided by the device, and a



transmitter configured to transmit a response to the query, the response indicating the

context parameters that can be provided by the device.

[0008] Another aspect disclosed is an apparatus for sharing context

information between wireless devices. The apparatus includes means for receiving a

discovery query, the discovery query indicating one or more requested context

parameters, means for receiving one or more responses to the discovery query, each

response indicating a transmitter of the response can provide an indicated one or more

of the requested context parameters, means for determining the requested context

parameters that can be provided by the device, and means for transmitting a response to

the query, the response indicating the context parameters that can be provided by the

device.

[0009] Another aspect disclosed is a computer readable storage medium

comprising instructions that when executed cause a hardware processor to perform a

method of sharing context information between wireless devices. The method includes

receiving, by a device, a discovery query, the discovery query indicating one or more

requested context parameters, receiving, by the device one or more responses to the

discovery query, each response indicating a transmitter of the response can provide an

indicated one or more of the requested context parameters, determining the requested

context parameters that can be provided by the device, and transmitting, by the device, a

response to the query, the response indicating the context parameters that can be

provided by the device.

[0010] Another aspect disclosed is a method of contracting for context

information services between wireless devices. The method includes receiving, by a

context providing device, a discovery query from a context consuming device, the

discovery query indicating one or more requested context parameters, transmitting, by

the context providing device, a response to the discovery query, the response indicating

one or more of the requested context parameters that may be provided, and one or more

costs associated with providing the requested context parameters.

[0011] Another aspect disclosed is an apparatus for contracting for context

information services between wireless devices, comprising a context providing device.

The apparatus includes a receiver configured to receive a discovery query from a

context consuming device, the discovery query indicating one or more requested

context parameters, a transmitter configured to transmit a response to the discovery



query, the response indicating one or more of the requested context parameters that may

be provided, and one or more costs associated with providing the requested context

parameters.

[0012] Another aspect disclosed is an apparatus for contracting for context

information services between wireless devices. The apparatus includes a context

providing device that includes means for receiving a discovery query from a context

consuming device, the discovery query indicating one or more requested context

parameters, means for transmitting a response to the discovery query, the response

indicating one or more of the requested context parameters that may be provided, and

one or more costs associated with providing the requested context parameters.

[0013] Another aspect disclosed is a computer readable storage medium

comprising instructions that when executed cause a hardware processor to perform a

method of contracting for context information services between wireless devices. The

method includes receiving a discovery query from a context consuming device, the

discovery query indicating one or more requested context parameters, transmitting a

response to the discovery query, the response indicating one or more of the requested

context parameters that may be provided, and one or more costs associated with

providing the requested context parameters.

[0014] Another aspect disclosed is a method of contracting for context

information services between wireless devices. The method includes transmitting, by a

context consuming device, a discovery query, the discovery query indicating one or

more requested context parameters, receiving, by the context consuming device, a

response to the discovery query from a context providing device, the response

indicating one or more of the requested context parameters that may be provided, and

one or more costs associated with providing the requested context parameters.

[0015] Another aspect disclosed is an apparatus for contracting for context

information services between wireless devices. The apparatus includes a context

requesting device, and includes a transmitter configured to transmit a discovery query,

the discovery query indicating one or more requested context parameters, a receiver

configured to receiving a response to the discovery query, the response indicating one

or more of the requested context parameters that may be provided, and one or more

costs associated with providing the requested context parameters.



[0016] Another aspect disclosed is an apparatus for contracting for context

information services between wireless devices, including a context consuming device,

which includes means for transmitting a discovery query, the discovery query indicating

one or more requested context parameters, means for receiving a response to the

discovery query, the response indicating one or more of the requested context

parameters that may be provided, and one or more costs associated with providing the

requested context parameters.

[0017] Another aspect disclosed is a computer readable storage medium

comprising instructions that when executed cause a hardware processor to perform a

method of contracting for context information services between wireless devices. The

method includes receiving, by a context providing device, a discovery query from a

context consuming device, the discovery query indicating one or more requested

context parameters, transmitting, by the context providing device, a response to the

discovery query, the response indicating one or more of the requested context

parameters that may be provided, and one or more costs associated with providing the

requested context parameters.

[0018] Another aspect disclosed is a method of sharing context information

between wireless devices. The method includes transmitting, by a context consuming

device, a discovery query, the discovery query indicating one or more requested context

parameters, receiving, by the context consuming device, a plurality of responses to the

discovery query from a plurality of responding devices, each of the plurality of

responses indicating one or more of the requested context parameters that can be

provided by the corresponding responding device, determining, by the context

consuming device, a set of context provider devices based on the responding devices

and the indicated context parameters that can be provided, and transmitting, by the

context consuming device, a first request for a context parameter from a first of the

plurality of responding devices based on the determining.

[0019] Another aspect disclosed is an apparatus for sharing context

information between wireless devices, including a context consuming device, the device

including a transmitter configured to transmit, a discovery query, the discovery query

indicating one or more requested context parameters, a receiver configured to receive a

plurality of responses to the discovery query from a plurality of responding devices,

each of the plurality of responses indicating one or more of the requested context



parameters that can be provided by the corresponding responding device, a hardware

processor configured to determine a set of context provider devices based on the

responding devices and the indicated context parameters that can be provided, and a

transmitter configured to transmit a first request for a context parameter from a first of

the plurality of responding devices based on the determining.

[0020] Another aspect disclosed is an apparatus for sharing context

information between wireless devices, comprising a context consuming device. The

device includes means for transmitting a discovery query, the discovery query

indicating one or more requested context parameters, means for receiving a plurality of

responses to the discovery query from a plurality of responding devices, each of the

plurality of responses indicating one or more of the requested context parameters that

can be provided by the corresponding responding device, means for determining a set of

context provider devices based on the responding devices and the indicated context

parameters that can be provided, and means for transmitting a first request for a context

parameter from a first of the plurality of responding devices based on the determining.

[0021] Another aspect disclosed is a computer readable storage medium

comprising instructions that when executed cause a hardware processor to perform a

method of sharing context information between wireless devices. The method includes

transmitting, by a context consuming device, a discovery query, the discovery query

indicating one or more requested context parameters, receiving, by the context

consuming device, a plurality of responses to the discovery query from a plurality of

responding devices, each of the plurality of responses indicating one or more of the

requested context parameters that can be provided by the corresponding responding

device, determining, by the context consuming device, a set of context provider devices

based on the responding devices and the indicated context parameters that can be

provided, and transmitting, by the context consuming device, a first request for a

context parameter from a first of the plurality of responding devices based on the

determining.

[0022] Another aspect disclosed is a method of sharing context information

on a neighbor aware network. The method includes generating, with a context

providing device, a message indicating context information in an information element;

and transmitting, with the context providing device, the message on the neighbor aware

network.



[0023] Another aspect disclosed is an apparatus for sharing context

information on a neighbor aware network. The apparatus includes a hardware processor

configured to generate a message indicating context information in an information

element, and a transmitter configured to transmit the message on the neighbor aware

network.

[0024] Another aspect disclosed is an apparatus for sharing context

information on a neighbor aware network. The apparatus includes means for generating

a message indicating context information in an information element, and means for

transmitting the message on the neighbor aware network.

[0025] Another aspect disclosed is a computer readable storage medium

comprising instructions that when executed cause a hardware processor to perform a

method of sharing context information on a neighbor aware network. The method

includes generating a message indicating context information in an information element,

and transmitting the message on the neighbor aware network.

[0026] Another aspect disclosed is a method of sharing context information

on a neighbor aware network. The method includes receiving, by a context consuming

device, a message indicating context information in an information element from the

neighbor aware network, and decoding, with the context consuming device, the

message.

[0027] Another aspect disclosed is an apparatus for sharing context

information on a neighbor aware network. The apparatus includes a receiver configured

to receive a message indicating context information in an information element from a

neighbor aware network, and a hardware processor configured to decode the message.

[0028] Another aspect disclosed is an apparatus for sharing context

information on a neighbor aware network. The apparatus includes means for receiving

a message indicating context information in an information element from a neighbor

aware network; and means for decoding the message.

[0029] Another aspect disclosed is a computer readable storage medium

comprising instructions that when executed cause a hardware processor to perform a

method of sharing context information on a neighbor aware network. The method

includes receiving a message indicating context information in an information element

from the neighbor aware network; and decoding the message.



[0030] Another aspect of this disclosure provides an apparatus for

communicating data in a wireless communications network. The apparatus comprises a

receiver configured to receive service information from at least one station. The service

information may identify a service provided by the at least one station. The apparatus

further comprises a hardware processor configured to generate a message. The message

may comprise the service information received from the at least one station and service

information of the apparatus. The apparatus further comprises a transmitter configured

to transmit the message. The message may be received by a remote station that is

configured to use the service provided by the at least one station.

[0031] Another aspect of this disclosure provides a method of

communicating data in a wireless communications network. The method comprises

receiving, by a proxy station, service information from at least one station. The service

information may identify a service provided by the at least one station. The method

further comprises generating, by the proxy station, a message. The message may

comprise the service information received from the at least one station and service

information of the proxy station. The method further comprises transmitting, by the

proxy station, the message. The message may be received by a remote station that is

configured to use the service provided by the at least one station.

[0032] Another aspect of this disclosure provides an apparatus for

communicating data in a wireless communications network. The apparatus comprises

means for receiving service information from at least one station. The service

information may identify a service provided by the at least one station. The apparatus

further comprises means for generating a message. The message may comprise the

service information received from the at least one station and service information of the

apparatus. The apparatus further comprises means for transmitting the message. The

message may be received by a remote station that is configured to use the service

provided by the at least one station.

[0033] Another aspect of this disclosure provides a non-transitory computer-

readable medium comprising code that, when executed, causes an apparatus to receive

service information from at least one station. The service information may identify a

service provided by the at least one station. The medium further comprises code that,

when executed, causes an apparatus to generate a message. The message may comprise

the service information received from the at least one station and service information of



the apparatus. The medium further comprises code that, when executed, causes an

apparatus to transmit the message. The message may be received by a remote station

that is configured to use the service provided by the at least one station.

[0034] Another aspect of this disclosure provides an apparatus for

communicating data in a wireless communications network. The apparatus comprises a

receiver configured to receive data from a proxy station. The apparatus further

comprises a hardware processor configured to compare the data received from the proxy

station with data associated with the apparatus. The hardware processor may be further

configured to determine whether to allow the proxy station to advertise service

information of the apparatus on behalf of the apparatus based on the comparison. The

service information may identify a service provided by the apparatus. The proxy station

may transmit a message comprising the service information if the hardware processor

determines to allow the proxy station to advertise the service information. The message

may be received by a remote station that is configured to use the service provided by the

apparatus.

[0035] Another aspect of this disclosure provides a method of

communicating data in a wireless communications network. The method comprises

receiving, by a service provider station, data from a proxy station. The method further

comprises comparing, by the service provider station, the data received from the station

with data associated with the service provider station. The method further comprises

determining, by the service provider station, whether to allow the proxy station to

advertise service information of the service provider station on behalf of the service

provider station based on the comparing. The service information may identify a

service provided by the service provider station. The proxy station may transmit a

message comprising the service information if the service provider station allows the

proxy station to advertise the service information. The message may be received by a

remote station that is configured to use the service provided by the service provider

station.

[0036] Another aspect of this disclosure provides an apparatus for

communicating data in a wireless communications network. The apparatus comprises

means for receiving data from a proxy station. The apparatus further comprises means

for comparing the data received from the proxy station with data associated with the

apparatus. The apparatus further comprises means for determining whether to allow the



proxy station to advertise service information of the apparatus on behalf of the

apparatus based on the means for comparing. The service information may identify a

service provided by the apparatus. The proxy station may transmit a message

comprising the service information if the apparatus allows the proxy station to advertise

the service information. The message may be received by a remote station that is

configured to use the service provided by the apparatus.

[0037] Another aspect of this disclosure provides a non-transitory computer-

readable medium comprising code that, when executed, causes an apparatus to receive

data from a proxy station. The medium further comprises code that, when executed,

causes an apparatus to compare the data received from the station with data associated

with the apparatus. The medium further comprises code that, when executed, causes an

apparatus to determine whether to allow the proxy station to advertise service

information of the apparatus on behalf of the apparatus based on the comparison. The

service information may identify a service provided by the apparatus. The proxy station

may transmit a message comprising the service information if the apparatus allows the

proxy station to advertise the service information. The message may be received by a

remote station that is configured to use the service provided by the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. l a illustrates an example of a wireless communication system.

[0039] FIG. lb illustrates another example of a wireless communication

system.

[0040] FIG. 2 illustrates a functional block diagram of a wireless device that

may be employed within the wireless communication system of FIG. la, FIG. lb, or

FIG. 14.

[0041] FIG. 3a illustrates an exemplary communication timeline in a

wireless communication system in accordance with aspects of the present disclosure.

[0042] FIG. 3b is a flowchart of an exemplary process of discovering

devices in a wireless communication system in accordance with aspects of the present

disclosure.

[0043] FIG. 3c is a flowchart of an exemplary process of querying devices in

a wireless communication system in accordance with aspects of the present disclosure.



[0044] FIG. 4 is a sequence diagram showing one example of a discovery

query and response message exchange on a neighbor aware network.

[0045] FIG. 5 is a flowchart of an exemplary method of sharing context

information between wireless devices on a neighbor aware network.

[0046] FIG. 6 is a flowchart of an exemplary method of contracting for

context information services between wireless devices on a neighbor aware network

[0047] FIG. 7 is a flowchart of an exemplary method of contracting for

context information services between wireless devices on a neighbor aware network

[0048] FIG. 8 is a sequence diagram showing one example of a discovery

query and response message exchange on a neighbor aware network.

[0049] FIG. 9 is a flowchart showing one example of a method of sharing

context information between wireless devices on a neighbor aware network.

[0050] FIG. 10 is a sequence diagram showing one example of a discovery

query and response message exchange on a neighbor aware network.

[0051] FIG. 11 is a flowchart showing one example of a method of sharing

context information between wireless devices on a neighbor aware network.

[0052] FIG. 1 is a flowchart showing one example of a method of sharing

context information between wireless devices on a neighbor aware network.

[0053] FIG. 13 is a flowchart showing one example of a method of sharing

context information between wireless devices on a neighbor aware network.

[0054] FIG. 14 illustrates a wireless communication system in which a

proxy station may operate.

[0055] FIG. 15A illustrates a wireless communication system in which a

proxy station is elected using an offer-based approach.

[0056] FIG. 15B illustrates a wireless communication system in which a

proxy station is elected using a request-based approach.

[0057] FIG. 16 illustrates a wireless communication system that includes a

device that acts as a proxy for another device.

[0058] FIG. 17 is a flowchart of a process for using a proxy station in the

wireless communication systems of FIGS la, lb, 14, 15A, 15B, and/or 16.

[0059] FIG. 18 is a functional block diagram of an exemplary device that

may be employed within the wireless communication systems of FIGS la, lb, 3, 4A,

4B, and/or 5.



[0060] FIG. 19 is another flowchart of a process for using a proxy station in

the wireless communication system of FIGS la, lb, 14, 15A, 15B, and/or 16.

[0061] FIG. 20 is another functional block diagram of an exemplary device

that may be employed within the wireless communication system of FIGS la, lb, 14,

15A, 15B, and/or 16.

[0062] FIG. 2 1 is another flowchart of a process for using a proxy station in

the wireless communication system of FIGS la, lb, 14, 15A, 15B, and/or 16.

DETAILED DESCRIPTION

[0063] The word "exemplary" is used herein to mean "serving as an

example, instance, or illustration." Any embodiment described herein as "exemplary" is

not necessarily to be construed as preferred or advantageous over other embodiments.

Various aspects of the novel systems, apparatuses, and methods are described more

fully hereinafter with reference to the accompanying drawings. This disclosure may,

however, be embodied in many different forms and should not be construed as limited

to any specific structure or function presented throughout this disclosure. Rather, these

aspects are provided so that this disclosure will be thorough and complete, and will fully

convey the scope of the disclosure to those skilled in the art. Based on the teachings

herein one skilled in the art should appreciate that the scope of the disclosure is

intended to cover any aspect of the novel systems, apparatuses, and methods disclosed

herein, whether implemented independently of, or combined with, any other aspect of

the invention. For example, an apparatus may be implemented or a method may be

practiced using any number of the aspects set forth herein. In addition, the scope of the

invention is intended to cover such an apparatus or method which is practiced using

other structure, functionality, or structure and functionality in addition to or other than

the various aspects of the invention set forth herein. It should be understood that any

aspect disclosed herein may be embodied by one or more elements of a claim.

[0064] Although particular aspects are described herein, many variations and

permutations of these aspects fall within the scope of the disclosure. Although some

benefits and advantages of the preferred aspects are mentioned, the scope of the

disclosure is not intended to be limited to particular benefits, uses, or objectives.

Rather, aspects of the disclosure are intended to be broadly applicable to different



wireless technologies, system configurations, networks, and transmission protocols,

some of which are illustrated by way of example in the figures and in the following

description of the preferred aspects. The detailed description and drawings are merely

illustrative of the disclosure rather than limiting, the scope of the disclosure being

defined by the appended claims and equivalents thereof.

[0065] Wireless network technologies may include various types of wireless

local area networks (WLANs). A WLAN may be used to interconnect nearby devices

together, employing widely used networking protocols. However, the various aspects

described herein may apply to any communication standard

[0066] In some implementations, a WLAN includes various devices which

are the components that access the wireless network. For example, there may be two

types of devices: access points ("APs") and clients (also referred to as stations, or

"STAs"). In general, an AP may serve as a hub or base station for the WLAN and a

STA serves as a user of the WLAN. For example, a STA may be a laptop computer, a

personal digital assistant (PDA), a mobile phone, etc. In an example, a STA connects to

an AP via a WiFi (e.g., IEEE 802. 11 protocol) compliant wireless link to obtain general

connectivity to the Internet or to other wide area networks. In some implementations a

STA may also be used as an AP.

[0067] An access point ("AP") may also comprise, be implemented as, or

known as a NodeB, Radio Network Controller ("RNC"), eNodeB, Base Station

Controller ("BSC"), Base Transceiver Station ("BTS"), Base Station ("BS"),

Transceiver Function ("TF"), Radio Router, Radio Transceiver, or some other

terminology.

[0068] A station "STA" may also comprise, be implemented as, or known as

an access terminal ("AT"), a subscriber station, a subscriber unit, a mobile station, a

remote station, a remote terminal, a user terminal, a user agent, a user device, user

equipment, or some other terminology. In some implementations an access terminal

may comprise a cellular telephone, a cordless telephone, a Session Initiation Protocol

("SIP") phone, a wireless local loop ("WLL") station, a personal digital assistant

("PDA"), a handheld device having wireless connection capability, or some other

suitable processing device or wireless device connected to a wireless modem.

Accordingly, one or more aspects taught herein may be incorporated into a phone (e.g.,

a cellular phone or smartphone), a computer (e.g., a laptop), a portable communication



device, a headset, a portable computing device (e.g., a personal data assistant), an

entertainment device (e.g., a music or video device, or a satellite radio), a gaming

device or system, a global positioning system device, or any other suitable device that is

configured to communicate via a wireless medium.

[0069] As discussed above, one or more nodes of a neighbor aware network

may transmit messages between each other. The nodes may also exchange discovery

queries and responses to provide for service discovery between devices operating within

the same peer to peer or neighbor aware network. A neighbor aware network may be

considered a peer to peer network or an ad-hoc network in some aspects.

[0070] Today's smartphones are typically equipped with one or more

sensors of environmental information. In some aspects, at least a portion of the sensors

may provide information relating to an environment external to the device. These

sensors may include an ambient light sensor, proximity sensor, atmospheric pressure

sensor, temperature sensor, and the like. Other sensors may provide environmental

information related to the device itself. For example, some devices include sensors for

spectral distribution of light received from a light sensor, or inertial-motion related

information such as information received from one or more of an accelerometer,

magnetometer, and/or gyroscope. Some devices also include sensors such as a

microphone, camera, GPS receiver, WiFi transceiver, and/or Bluetooth transceiver. The

sensors of environmental information, coupled with processing power available on

modern smart phones, provide an opportunity to collect and analyze information about a

user context, or the environment in which a user is operating their phone.

[0071] Managing the power consumption of such sensing and analyzing can

present a challenge in some implementations. Utilization of some sensors can consume

substantial power, such that the sensors may only be utilized for finite periods of time to

ensure adequate battery life. As one example, there is a great demand for activity

classifiers that may utilize data collected from an accelerometer in a smartphone. While

the accelerometers typically consume relatively low amounts of power, the data they

provide may not be adequate for activity classifiers that attempt to resolve whether a

smartphone is "stationary" or in a "driving" environment. The resolution of the activity

classifier can be improved if the accelerometer data is augmented with data from a GPS

receiver. GPS receivers may consume substantially more power relative to the

accelerometer, and thus an activity classifier that utilizes GPS data may result in



noticeable reduction in battery life of the smartphone. Similarly, classification of an

audio context can be improved with higher sampling rates from a microphone at a

corresponding increase in power consumption.

[0072] Another context based application is geo-fencing, which provides

information as to whether a smartphone has remained within a predetermined bounded

area. In some aspects, a geo-fencing application may necessitate a sampling rate of a

GPS receiver consistent with a desired fidelity of the breach detection. Visual

classification methods also benefit in reduced latency and improved accuracy with

higher sampling or frame rates, with a corresponding increase in power utilization.

[0073] Adequate sensing of the environment from a mobile platform may

also present a challenge. Some sensors may provide more accurate sensing data if they

are within a certain proximity of the environmental factor being sensed. For example, a

microphone may be able to capture data of adequate fidelity if it is within a certain

distance of an audio source, such as a person speaking. Some sensing applications may

detect typing on a keyboard. However, such detection may only be possible if an audio

sensor is positioned near a keyboard and not occluded by other objects, such as a shirt

pocket or purse.

[0074] Another sensing application may determine which particular

individuals are proximate to the mobile device. Such an application may be dependent

on the positioning of a camera within the smartphone, such that images of the visual

environment may be captured and used to classify, for example, participants in a

meeting. To provide for adequate images of the visual environment, multiple cameras

may be included on a cell phone, such that adequate coverage of the visual environment

may be obtained despite an orientation of the smart phone. For example, if the phone is

positioned flat on a table, one or more cameras positioned along the phones sides and/or

perimeter may still be able to capture the surrounding visual environment. These

additional cameras may increase the power consumption of the phone.

[0075] To reduce power consumption and improve the ability to sense an

environment proximate to a smart phone, the sensing of context may be coordinated

among multiple devices. For example, in addition to use of a user's mobile device to

sense the user's context, other devices within a proximity of the user may be employed

to collect additional data that can also be provided to applications sensing the user's

context. Such devices may include other user's mobile devices, laptops, desktop



computers, wall-mounted microphones, camera, or video conferencing equipment, etc.

These additional devices may be discovered and/or communicated with via existing

wireless technologies such as Bluetooth, Bluetooth-LE, Wi-Fi, Wi-Fi direct, Zigbee,

light based (such as light modulation based (for example, OFDM visible light

modulation) and/or audio based (such as ultrasound) communications, audio

environment fingerprints, or the like.

[0076] By coordinating the sensing of a user's context across multiple

devices, power consumption may be reduced while sensing fidelity improved. For

example, some proximate devices may be attached to a stable source of power such as a

wall outlet, and may be positioned such that they can provide context information that is

"good enough" or potentially superior to those provided by a user's mobile device.

Alternatively, the proximate devices may have less stringent battery life constraints than

the user's mobile device. For example, a proximate user's smart phone may have 90%

battery life remaining while a context sensed user's smart phone only has 10% battery

life remaining. In this scenario, it may be advantageous to utilize the proximate user's

context sensing capabilities and turn off the capabilities on the user's smart phone

whose context is being sensed, thus conserving the remaining battery life.

[0077] In some implementations, power consumption may be improved

across a NAN by simply sharing a sensing workload across multiple devices. For

example, by sharing Bluetooth scanning burdens across multiple devices, detection

latency may be reduced while power consumption associated with Bluetooth scanning is

also reduced across a plurality of devices on a NAN.

[0078] The quality of sensed data may also be improved by sharing context

sensing tasks across multiple devices. In some scenarios, a proximate user's phone or

other proximate device may be able to provide superior sensing data based on its

relative position or perhaps a more clear line of sight to the sensed environment. For

example, a first user's phone may be in a briefcase or shirt pocket such that it is unable

to sense the visual environment, while a proximate second user, for example, a user in a

meeting with the first user, may have a clear line of sight to the meeting area. In some

aspects, devices may determine their distance from a sensed context source, and share

the distance with other devices on the NAN. A determination of which sensing

information is provided by a device may be based, at least in part, on the distance of the

device from a sensed context source.



[0079] In some aspects, each of the devices in a neighbor aware network

may include particular capabilities. For example, at least some of the devices may

include capabilities to sense local context information acquired from one or more

hardware sensors, such as location, temperature, ambient lighting conditions, ambient

sound conditions, ambient atmospheric pressure, or the like. In some aspects, one or

more of the devices may include "soft" sensors that determine context information from

other information sources. For example, context information may be sensed from data

or programs on a user's device, to include a user's calendar or email information,

conference room numbers in a meeting invite, or information from social networks such

as Facebook or Twitter.

[0080] In some aspects, one or more capabilities may each be offered by

multiple devices within the neighbor aware network. For example, since microphones

are common on mobile devices, multiple devices in a neighbor aware network may have

ambient audio sensing capabilities. In some aspects, only one device within the

neighbor aware network may have a particular capability. For example, capabilities

requiring relatively expensive hardware may be less readily available on a NAN. In

some aspects, only one device may have ambient pressure sensing capabilities, for

example.

[0081] In some aspects, it may be advantageous for the devices to share their

capabilities or sensed context information with each other. Some of the devices on the

neighbor aware network may not have location capabilities provided by, for example, a

GPS receiver. By sharing the location capabilities of a location enabled device on the

NAN, a larger number of devices on the NAN can benefit from location capabilities

than if the capabilities are not shared.

[0082] Capabilities or context information may also be shared between

devices to reduce the overall power consumption of devices on the neighbor aware

network. Obtaining context information from a sensor may consume more power than

receiving the context information from another device. For example, when a first

device determines its location using a GPS receiver that is built into the first device,

substantial amounts of power can be consumed. Alternatively, if GPS coordinates are

received by the first device via a network message from a second GPS enabled device

on the NAN, the first device can reduce its power consumption by turning off its GPS

receiver. Because the first device is still receiving location information, applications



running on the first device can still utilize location services via the location information

provided by the second device.

[0083] In some aspects, context information may be shared between devices

on a NAN based on a power constraint of one or more of the devices (such as a type of

power supply in use by the devices, or a remaining battery life of a device). Devices

running on battery power may attempt to obtain context information from other devices,

such that they can reduce their own power consumption by turning off sensors that

collect that context information, and thus extend their battery life. Some devices

running on wall power or other more reliable power may be able to offer services or

context information to other devices on the NAN. If the wall powered devices provide

context information or other services to battery powered devices on the NAN, the

overall power utilization of the NAN is improved relative to each device operating

independently.

[0084] While sharing device capabilities may provide benefits to service or

context consuming devices on a NAN, context provider devices may need an incentive

to offer their services to other devices on the NAN. In some aspects, a service or

context consuming device may "pay" for services it consumes from other devices. The

currency used for payment of these services may come in a variety of forms. For

example, in some aspects, monetary currency may be exchanged for services. In other

aspects, a context consuming device may display advertisements on its user interface on

behalf of a context providing device so as to compensate the context providing device

for the services it provides. In other aspects, a context consuming device may itself

provide other services to a device that is providing it with services. In these aspects,

two devices perform a mutually agreeable exchange of services.

[0085] To facilitate the providing of services for some form of payment,

disclosed are methods and systems utilizing message exchanges between context

consuming devices and context providing devices. When requesting services from

devices on a NAN, a context consuming device may indicate the type of service or

context information requested, and in some aspects, a maximum currency it is willing to

"pay" to obtain those services.

[0086] The context consuming device may also specify a minimum quality

of service (such as a sampling rate or duty cycle) needed to satisfy the request. For

example, the context consuming device may seek to collect ambient temperature



information at one minute intervals, and be willing to pay no more than 0.0001 U.S.

cents for each sample. In some aspects, the discovery query may indicate a minimum

accuracy or fidelity of a requested context parameter. For example, if a requested

context parameter is location information, the discovery query may indicate that the

location information must be accurate within a certain radius. For example, the location

information provided should be accurate within five feet or one meter.

[0087] Similarly, when a context providing device offers its services in

response to a discovery query from the context consuming device, the context providing

device may indicate a cost or amount of currency it requires before it will provide the

identified services to the context consuming device. The context providing device may

also indicate a quality of service (sampling rate or duty cycle) at which it can provide

the service for the indicated cost. Alternatively, the context providing device may

indicate a series of services, sampling rates, and costs, enabling a context consuming

device to select which sampling rate at which cost offers the most value. In some

aspects, the response from the context providing device may indicate a minimum

accuracy or fidelity of an offered context parameter. For example, if a requested

context parameter is location information, the discovery response may indicate that

location information provided by the context providing device will be accurate within a

certain radius. For example, the location information provided will be accurate within

five feet or one meter.

[0088] These message exchanges enable the context providing device and

context consuming device to establish an electronic "contract" between each other.

Once a context consuming device has identified a context providing device that will

meet its service and cost parameters, it may accept the offer of services from the context

consuming device.

[0089] In some other aspects, a context providing device may determine

which services it will offer to a context providing device based on what services have

already been offered to the context consuming device from other context providing

devices. For example, after receiving a discovery query indicating one or more

requested context parameters from a context consuming device, a context providing

device may wait and listen from responses to the query from other context providing

devices on the NAN. After a threshold period of time, the context providing device

may determine which of the original context parameters requested by the context



consuming device have not yet been offered to the context consuming device by other

nodes on the NAN. The context consuming device may then determine which services

or contexts it will offer to the context consuming device based on which services remain

unfulfilled.

[0090] As discussed above, certain of the devices described herein may

implement the 802. 1lah standard or the 802. 1lac standard, for example. Such devices,

whether used as an STA or AP or other device, may be used for smart metering or in a

smart grid network. Such devices may provide sensor applications or be used in home

automation. The devices may instead or in addition be used in a healthcare context, for

example for personal healthcare. They may also be used for surveillance, to enable

extended-range Internet connectivity (e.g. for use with hotspots), or to implement

machine-to-machine communications.

[0091] FIG. l a illustrates an example of a wireless communication system

100. The wireless communication system 100 may operate pursuant to a wireless

standard, such as an 802.1 1 standard. The wireless communication system 100 may

include an AP 104, which communicates with STAs. In some aspects, the wireless

communication system 100 may include more than one AP. Additionally, the STAs

may communicate with other STAs. As an example, a first STA 106a may

communicate with a second STA 106b. As another example, a first STA 106a may

communicate with a third STA 106c although this communication link is not illustrated

in FIG. la.

[0092] A variety of processes and methods may be used for transmissions in

the wireless communication system 100 between the AP 104 and the STAs and between

an individual STA, such as the first STA 106a, and another individual STA, such as the

second STA 106b. For example, signals may be sent and received in accordance with

OFDM/OFDMA techniques. If this is the case, the wireless communication system 100

may be referred to as an OFDM/OFDMA system. Alternatively, signals may be sent

and received between the AP 104 and the STAs and between an individual STA, such as

the first STA 106a, and another individual STA, such as the second STA 106b, in

accordance with CDMA techniques. If this is the case, the wireless communication

system 100 may be referred to as a CDMA system.

[0093] A communication link may be established between STAs. Some

possible communication links between STAs are illustrated in FIG. la. As an example,



a communication link 112 may facilitate transmission from the first STA 106a to the

second STA 106b. Another communication link 114 may facilitate transmission from

the second STA 106b to the first STA 106a.

[0094] The AP 104 may act as a base station and provide wireless

communication coverage in a basic service area (BSA) 102. The AP 104 along with the

STAs associated with the AP 104 and that use the AP 104 for communication may be

referred to as a basic service set (BSS).

[0095] It should be noted that the wireless communication system 100 may

not have a central AP 104, but rather may function as a peer-to-peer network between

the STAs. Accordingly, the functions of the AP 104 described herein may alternatively

be performed by one or more of the STAs.

[0096] FIG. l b illustrates an example of a wireless communication system

160 that may function as a Neighbor Aware Network (NAN). For example, the wireless

communication system 160 in FIG. lb shows STAs 106a-106i that may communicate

with each other without the presence of an AP. As such, the STAs, 106a-106i may be

configured to communicate in different ways to coordinate transmission and reception

of messages to prevent interference and accomplish various tasks. In one aspect, the

networks shown in FIG. l b may be configured as a "Neighbor Aware Network" or

NAN. In one aspect, a NAN may refer to a network for communication between STAs

that are located in close proximity to each other. In some cases the STAs operating

within the NAN may belong to different network structures (e.g., STAs in different

homes or buildings as part of independent LANs with different external network

connections).

[0097] In some aspects, a communication protocol used for communication

between nodes on the neighbor aware network 160 may schedule periods of time during

which communication between network nodes may occur. These periods of time when

communication occurs between STAs 106a-106i may be known as availability

windows. An availability window may include a discovery interval or paging interval

as discussed further below.

[0098] The protocol may also define other periods of time when no

communication between nodes of the network is to occur. In some embodiments, nodes

may enter one or more sleep states when the neighbor aware network 160 is not in an

availability window. Alternatively, in some embodiments, portions of the stations



106a-i may enter a sleep state when the neighbor aware network is not in an availability

window. For example, some stations may include networking hardware that enters a

sleep state when the peer to peer network is not in an availability window, while other

hardware included in the STA, for example, a hardware processor, an electronic display,

or the like do not enter a sleep state when the peer to peer network is not in an

availability window.

[0099] The neighbor aware network 160 may assign one node to be a root

node. In FIG. lb, the assigned root node is shown as STA 106e. In one aspect of peer

to peer network 160, the root node is responsible for periodically transmitting

synchronization signals to other nodes in the neighbor aware network. The

synchronization signals transmitted by root node 160e may provide a timing reference

for other nodes 106a-d and 106f-i to coordinate an availability window during which

communication occurs between the nodes. For example, a synchronization message

172a-172d may be transmitted by root node 106e and received by nodes 106b, 106d

and 106f-106g. The synchronization message 172 may provide a timing source for the

STAs 106b, 106d and 106f-106g. The synchronization message 172 may also provide

updates to a schedule for future availability windows. The synchronization messages

172 may also function to notify STAs 106b,106d and 106f-106g that they are still

present in the peer to peer network 160.

[0100] Some of the nodes in the neighbor aware network 160 may function

as branch synchronization nodes. A branch synchronization node may retransmit both

availability window schedule and master clock information received from a root node.

In some embodiments, synchronization messages transmitted by a root node may

include availability window schedule and master clock information. In these

embodiments, the synchronization messages may be retransmitted by the branch

synchronization nodes. In FIG. lb, STAs 106b, 106d and 106f-106g are shown

functioning as branch-synchronization nodes in the neighbor aware network 160. STAs

106b, 106d and 106f-106g receive the synchronization message 172a-172d from root

node 106e and retransmit the synchronization message as retransmitted synchronization

messages 174a-174d. By retransmitting the synchronization message 172 from root

node 106e, the branch synchronization nodes 106b, 106d and 106f-106g may extend the

range and improve the robustness of the peer to peer network 160.



[0101] The retransmitted synchronization messages 174a-174d are received

by nodes 106a, 106c, 106h, and 106L These nodes may be characterized as "leaf

nodes, in that they do not retransmit the synchronization message they receive from

either the root node 106e or the branch synchronization nodes 106b, 106d or 106f-106g.

[0102] FIG. 2 illustrates various components that may be utilized in a

wireless device 202 that may be employed within the wireless communication system

100, 160, or 1400. The wireless device 202 is an example of a device that may be

configured to implement the various methods described herein. For example, the

wireless device 202 may comprise the AP 104 or one of the STAs.

[0103] The wireless device 202 may include a hardware processor 204

which controls operation of the wireless device 202. The hardware processor 204 may

also be referred to as a central processing unit (CPU). Memory 206, which may include

both read-only memory (ROM) and random access memory (RAM), may provide

instructions and data to the hardware processor 204. A portion of the memory 206 may

also include non-volatile random access memory (NVRAM). The hardware processor

204 typically performs logical and arithmetic operations based on program instructions

stored within the memory 206. The instructions in the memory 206 may be executable

to implement the methods described herein.

[0104] The hardware processor 204 may comprise or be a component of a

processing system implemented with one or more hardware processors. The one or

more hardware processors may be implemented with any combination of general-

purpose microprocessors, microcontrollers, digital signal processors (DSPs), field

programmable gate array (FPGAs), programmable logic devices (PLDs), controllers,

state machines, gated logic, discrete hardware components, dedicated hardware finite

state machines, or any other suitable entities that can perform calculations or other

manipulations of information.

[0105] The processing system may also include machine-readable media for

storing software. Software shall be construed broadly to mean any type of instructions,

whether referred to as software, firmware, middleware, microcode, hardware

description language, or otherwise. Instructions may include code (e.g., in source code

format, binary code format, executable code format, or any other suitable format of

code). The instructions, when executed by the one or more hardware processors, cause

the processing system to perform the various functions described herein.



[0106] The wireless device 202 may also include a housing 208 that may

include a transmitter 210 and/or a receiver 212 to allow transmission and reception of

data between the wireless device 202 and a remote location. The transmitter 210 and

receiver 212 may be combined into a transceiver 214. An antenna 216 may be attached

to the housing 208 and electrically coupled to the transceiver 214. The wireless device

202 may also include (not shown) multiple transmitters, multiple receivers, multiple

transceivers, and/or multiple antennas.

[0107] The transmitter 210 may be configured to wirelessly transmit packets

having different packet types or functions. For example, the transmitter 210 may be

configured to transmit packets of different types generated by the hardware processor

204. When the wireless device 202 is implemented or used as an AP 104 or STA 106,

the hardware processor 204 may be configured to process packets of a plurality of

different packet types. For example, the hardware processor 204 may be configured to

determine the type of packet and to process the packet and/or fields of the packet

accordingly. When the wireless device 202 is implemented or used as an AP 104, the

hardware processor 204 may also be configured to select and generate one of a plurality

of packet types. For example, the hardware processor 204 may be configured to

generate a discovery packet comprising a discovery message and to determine what

type of packet information to use in a particular instance.

[0108] The receiver 212 may be configured to wirelessly receive packets

having different packet types. In some aspects, the receiver 212 may be configured to

detect a type of a packet used and to process the packet accordingly.

[0109] The wireless device 202 may also include a signal detector 218 that

may be used in an effort to detect and quantify the level of signals received by the

transceiver 214. The signal detector 218 may detect such signals as total energy, energy

per subcarrier per symbol, power spectral density and other signals. The wireless

device 202 may also include a digital signal processor (DSP) 220 for use in processing

signals. The DSP 220 may be configured to generate a packet for transmission. In

some aspects, the packet may comprise a physical layer data unit (PPDU).

[0110] The wireless device 202 may further comprise a user interface 222 in

some aspects. The user interface 222 may comprise a keypad, a microphone, a speaker,

and/or a display. The user interface 222 may include any element or component that



conveys information to a user of the wireless device 202 and/or receives input from the

user.

[0111] The various components of the wireless device 202 may be coupled

together by a bus system 226. The bus system 226 may include a data bus, for example,

as well as a power bus, a control signal bus, and a status signal bus in addition to the

data bus. The components of the wireless device 202 may be coupled together or accept

or provide inputs to each other using some other mechanism.

[0112] Although a number of separate components are illustrated in FIG. 2,

one or more of the components may be combined or commonly implemented. For

example, the hardware processor 204 may be used to implement not only the

functionality described above with respect to the hardware processor 204, but also to

implement the functionality described above with respect to the signal detector 218

and/or the DSP 220. Further, each of the components illustrated in FIG. 2 may be

implemented using a plurality of separate elements.

[0113] Devices, such as STAs, 106a-i shown in FIG. lb, for example, may

be used for neighborhood-aware networking, or NANing. For example, various stations

within the network may communicate on a device to device (e.g., peer-to-peer

communications) basis with one another regarding applications that each of the stations

supports. A discovery protocol may be used in a NAN to enable STAs to advertise

themselves (e.g., by sending discovery packets) as well as discover services provided by

other STAs (e.g., by sending paging or query packets), while ensuring secure

communication and low power consumption.

[0114] In a neighborhood-aware or NAN, one device, such as STA or

wireless device 202, in the network may be designated as the root device or node. In

some embodiments, the root device may be an ordinary device, like the other devices in

the network, rather than a specialized device such as a router. In NAN, the root node

may be responsible for periodically transmitting synchronization messages, or

synchronization signals or frames, to other nodes in the network. The synchronization

messages transmitted by root node may provide a timing reference for other nodes to

coordinate an availability window during which communication occurs between the

nodes. The synchronization message may also provide updates to a schedule for future

availability windows. The synchronization messages may also function to notify STAs

that they are still present in the peer to peer network.



[0115] In a Neighbor Aware Network (NAN), STA's on the network may

use synchronization messages transmitted by a root STA and retransmitted by branch

STA's in order to determine availability windows. During these availability windows,

STA's in the NAN may be configured to transmit and/or receive messages from other

STA's on the network. At other times, STA's, or portions of STA's, on the NAN may

be in a sleep state. For example, an STA on a NAN, such as wireless device 202, may

enter a sleep state based at least in part on synchronization messages received from a

root node. In some embodiments, STA's on a NAN may enter a sleep mode, where one

or more elements of the STA may enter a sleep mode, rather than the entire STA. For

example, STA 202 may enter a sleep mode where the transmitter 210, receiver 212,

and/or transceiver 214 may enter a sleep mode based on synchronization messages

received on a NAN. This sleep mode may enable the STA 202 to conserve power or

battery life.

[0116] FIG. 3a illustrates an exemplary communication timeline 300a in a

wireless communication system where STAs may communicate via one channel. In one

aspect, the communication according to the timeline shown in FIG. 3a may be used in

an ad-hoc wireless network, such as the network shown in FIG. l a or FIG. lb. The

exemplary communication timeline 300a may include a discovery interval (DI) 302a of

a time duration ∆Α 306a, a paging interval (PI) 304a of a time duration ∆Β 308a, and an

overall interval of a time duration AC 310a. In some aspects, communications may

occur via other channels as well. Time increases horizontally across the page over the

time axis.

[0117] During the DI 302a, APs or STAs may advertise services through

broadcast messages such as discovery packets. APs or STAs may listen to broadcast

messages transmitted by other APs or STAs. In some aspects, the duration of DIs may

vary over time. In other aspects, the duration of the DI may remain fixed over a period

of time. The end of the DI 302a may be separated from the beginning of the subsequent

PI 304a by a first remainder period of time as illustrated in FIG. 3a. The end of the PI

304a may be separated from the beginning of a subsequent DI by a different remainder

period of time as illustrated in FIG. 3a. However, different combinations of remainder

time periods are contemplated.

[0118] During the PI 304a, APs or STAs may indicate interest in one or

more of a plurality of services advertised in a broadcast message by transmitting paging



request messages such as paging request packets. APs or STAs may listen to paging

request messages transmitted by other APs or STAs. In some aspects, the duration of

the PI may vary over time. In other aspects, the duration of the PI may remain constant

over a period of time. In some aspects, the duration of the PI may be less than the

duration of the DI.

[0119] The overall interval of duration AC 310a may measure the period of

time from the beginning of one DI to the beginning of a subsequent DI as illustrated in

FIG. 3a. In some aspects, the duration of the overall interval may vary over time. In

other aspects, the duration of the overall interval may remain constant over a period of

time. At the conclusion of the overall interval of duration AC 310a, another overall

interval may begin, including a DI, a PI, and the remainder intervals. Consecutive

overall intervals may follow indefinitely or continue for a fixed period of time.

[0120] A STA may enter a sleep or power-save mode when the STA is not

transmitting or listening or is not expecting to transmit or listen. As an example, the

STA may sleep during periods other than the DI or PI. The STA in the sleep mode or

power-save mode may awake or return to normal operation or full power mode at the

beginning of the DI or PI to enable transmission or listening by the STA. In some

aspects, the STA may awake or return to normal operation or full power mode at other

times when the STA expects to communicate with another device, or as a result of

receiving a notification packet instructing the STA to awake. The STA may awake

early to ensure that the STA receives a transmission.

[0121] As described above, during the DI, APs or STAs may transmit

discovery packets (DPs). During the PI, APs or STAs may transmit paging request

packets (PRs). A DP may be a packet configured to advertise a plurality of services

provided by a STA or AP and to indicate when the paging interval is for the device that

transmits the discovery packet. The DP may include a data frame, management frame,

or management action frame. The DP may carry information generated by a higher

layer discovery protocol or an application based discovery protocol. The PR may be a

packet configured to indicate interest in at least one of the plurality of services provided

by an AP or STA.

[0122] The start and end of the DI and PI may be known via numerous

methods to each STA desiring to transmit a discovery packet or a paging request packet.

In some aspects, each STA may synchronize its clock with the other APs or STAs and



set a shared DI and PI start time and DI duration and PI duration. In other aspects, a

device may send a signal such as a special clear to send (S-CTS) signal to clear the

medium of legacy communications, such as communications that may conflict or not be

compliant with aspects of the present disclosure, and indicate the beginning and

duration of the DI or PI period, as well as additional information about the DI and PI

durations.

[0123] A STA potentially interested in services advertised via discovery

packets, such as from other STAs, may awake or remain awake during the DI and

process discovery packets to determine if a particular discovery packet includes

information about one or more of a plurality of services that may be of interest to the

receiving STA. After the DI period, STAs not planning to communicate information

may enter a sleep or power-save mode for a break period until the next time the STAs

plan to communicate. In some aspects, a STA may enter the sleep or power-save mode

until the STA may communicate additional information with another device outside of

the DI or PI. In some aspects, the STA may enter the sleep or power-save mode until

the beginning of the next PI. At the beginning of the PI, the interested STA may awake

to transmit a paging request packet to the provider of the service.

[0124] A STA waiting for a response to a transmitted discovery packet, such

as discovery packets transmitted to other STAs, may awake or remain awake during the

PI and process paging request packets to determine if a particular paging request packet

indicates interest by another device in at least one of plurality of services provided by

the STA. After the PI period, STAs not planning to communicate information may

enter a sleep or power-save mode for a break period until the next time the STAs plan to

communicate. In some aspects, a STA may enter the sleep or power-save mode until

the STA may communicate additional information with another device outside of the DI

or PI. In some aspects, the STA may enter the sleep or power-save mode until the

beginning of the next DI.

[0125] As examples, the duration AC of the overall interval may equal

approximately one to five seconds in some aspects. In other aspects, the overall interval

may be less than one second or more than five seconds. The duration ∆Α of the DI may

equal approximately 16 milliseconds in some aspects while more or less than 16

milliseconds in other aspects. The duration ∆Β of the PI may equal approximately the



duration ∆Α in some aspects. In other aspects, the duration ∆Β may be more or less

than the duration ∆Α .

[0126] FIG. 3b is a flowchart of an exemplary process 300b of discovering

devices in a wireless communication system. The process 300b may be used to

introduce two devices, such as two STAs and 106b. For example, a STA may advertise

information about one or more of a plurality of services that may be of interest to

various other STAs to which the information is directed. In some embodiments, a

service offered by a STA may include a service offered by an application (e.g., a

gaming application, a shopping application, a social networking application, etc.) that a

user has downloaded or that is native to the STA. For example, a user of the STA may

want to invite other users of the application to interact with the user via the application.

At block 302b, the STA may initiate transmission of announcements. Each

announcement may include a discovery packet or message including the information

relating to the one or more services. At block 304b, the STA may wake up from a

power-save mode or sleep mode during a discovery interval to send announcements to

one or more STAs. At block 306b, the STA may send one or more short

announcements regarding a particular service, such as "Jack's Fruits," in order to

facilitate discovery of the STA. The short announcements may include a discovery

packet or message. The receiving STAs that are interested in the one or more services

advertised by the STA may respond with a paging request (or query request) packet or

message that indicates interest in the service provided by the STA. Whether an STA is

"interested" in the one or more services may be based on one or more parameters. For

example, configuration data may store a list of services a device is "interested" in. The

configuration data may be based on a user's preferences for services. These preferences

may be received via a user interface or network connection. For example, the user's

preferences may be initialized when a mobile device is provisioned. The user's

preferences for services may be stored in configuration data. The configuration data

may define one or more criteria that can be used to evaluate a service to determine

whether the service is of interest to the device.

[0127] At block 308b, the STA may receive queries (e.g., a paging or query

request) for information on the particular service, such as "Jack's Fruits." In response,

at block 310b, the STA may send a response to the queries. Follow on messaging

between the STA and the various querying STAs may occur. The STA and the various



STAs may enter power-save mode or sleep mode in the intervals between the exchanges

of messages between the STAs. The receiving may be performed by receiver 212 or the

transceiver 214, for example, and the transmitting may be performed by the transmitter

210 or the transceiver 214, for example.

[0128] FIG. 3c is a flowchart of an exemplary process 300c of querying

devices in a wireless communication system in accordance with aspects of the present

disclosure. At block 302c, a STA may input a shopping list, which may include various

vendors that a user of the STA may have an interest. For example, a user may

download a shopping list from the Internet. Although the process 300c is described

with respect to a shopping application, those having ordinary skill in the art will

appreciate that the process 300c applies to other applications, such as gaming

applications, social networking applications, etc. At block 304c, the STA may set up

filters for the shopping list. For example, a filter may be set up to allow the STA to

wake up from a power-save mode or sleep mode only when a discovery packet or

message is received for particular vendors or applications. At block 306c, the STA may

wake up during a discovery interval to listen to announcements. Each announcement

may include a discovery packet or message including information relating to one or

more services offered by one or more other STAs. At block 308c, the STA may receive

an announcement from a second STA, such as a "Jack's Fruits" announcement. The

STA may determine whether it is interested in one or more sets of information related to

the announcement and may respond with a paging request (or query request) packet or

message that indicates its interest in the information. For example, if the STA is

interested in a particular sale item offered by the second STA, the STA may respond

with a paging request (or query request) packet or message. At block 310c, the STA

sends a query for more information relating to the announcement, such as more

information on Jack's Fruits. At block 312c, the STA may receive a response to one or

more queries that the STA sent to other STAs regarding services offered by the other

STAs.

[0129] It is desirable for the STAs described above (e.g., using a discovery

protocol used in a NAN network) to be able to advertise themselves, as well as discover

services provided by other STAs, using a secure communication protocol and while

keeping power consumption low. For example, it is desirable for a STA to advertise its

offered services by securely sending discovery packets or messages and for the STA to



discover services offered by other STAs by securely sending paging or query packets or

messages while avoiding excess power consumption. For example in accordance with

certain embodiments, STAs may "sleep" a majority of a time period and wake up for

short discovery intervals as described to decrease power consumption. There may be

certain conditions that allow the STAs to make use of short time intervals to decrease

power consumption while still effectively allowing discovery and advertisement of

services within the network. For example, it is desirable that STAs that transmit during

the short time intervals "know" that intended receivers are active to receive the

transmitting messages. In addition, it is further desirable that STAs that are searching

for different services advertised by another STA 106 activate their receivers at the

appropriate time to receive messages advertising services from other STAs. As such,

certain embodiments described herein are directed to synchronization between different

STAs to allow for performing device discovery as described above and for

synchronization of other communications while allowing for reduced power

consumption. For example certain embodiments are directed to synchronization so that

STAs are activated for transmitting and receiving at the same time.

[0130] Furthermore, when STAs communicate without a central coordinator,

such as an AP 104, synchronization of communications between the STAs may be

desirable. As just described, if the STAs are not synchronized, the STAs may not

receive discovery messages within the discovery interval, or be able to transmit paging

requests within the correct paging interval to be received by other STAs.

Synchronization therefore may provide a common reference time that may be used to

determine timing of communication intervals such as the discovery interval 302a and

the paging interval 304a. As each STA 106 operates independently of the other STAs,

each generating an individual clock signal, the clock signal may become out of sync.

For example, if a STA 106 is in a "doze" state, the clock signal may drift and define a

reference time value that is faster or slower as compared to other clocks signals of other

STAs.

[0131] Certain aspects described herein are directed to devices and methods

for synchronization of clock signals of STAs operating in an ad-hoc fashion. In one

aspect, at least some of the STAs may transmit the current time value of their clock

signals to the other STAs. For example, in accordance with certain embodiments, STAs

may periodically transmit a 'sync' frame that carries a time stamp. The current time



value may correspond to a time-stamp value. For example, in one embodiment, a

discovery message as described above may serve as the 'sync' frame and carry a current

time value of a STA 106. In addition to the time stamp, the sync frame may also

include information regarding the discovery interval and discovery period. For

example, the sync frame may include the schedule of the discovery interval and

discovery period. In some embodiments, the sync frame may also include information

identifying a device to generate prospective synchronization messages. For example, an

indication of a back-up root node may be included in the sync frame.

[0132] Upon receipt of a sync frame, a STA 106 that may be new to the

network may determine the time and the discovery interval/discovery period schedule in

the network. STAs already communicating within the network may maintain

synchronization while overcoming clock drift as described below. Based on the sync

message, STAs may enter and exit a network (e.g., a NAN) without losing

synchronization. Furthermore, the synchronization messages described herein may

allow for avoiding excessive power drain and the STAs in the network may share the

burden of messaging for synchronization. Furthermore, certain embodiments allow for

a low messaging overhead (e.g., as only a few devices may send sync frames in every

discovery period as will be described below). As described above with reference to

FIG. 3A, discovery packets within a NAN are transmitted during a discovery interval

302a that occurs every discovery period. As such, sync messages may be sent during a

discovery interval 302a for certain discovery periods.

[0133] It should be appreciated that a STA 106 may not transmit a sync

frame every discovery interval. Rather, a probability value (P_sync), as is further

described below, may be used to determine whether the STA 106 transmits and/or

prepares a sync frame. As such, while at least some sync frames are sent for every

discovery interval, not all the STAs participating in the NAN transmit a sync frame for

every discovery interval. This may allow for reduced power consumption in

transmitting sync frames while still enabling synchronization.

[0134] FIG. 4 is a sequence diagram showing one example of a discovery

query and response message exchange on a neighbor aware network. The illustrated

message sequence enables a context providing device, specifically context providing

device 3 404c and to some extend context providing device 2 404b, to better optimize

their response to a discovery query transmitted by a context consuming device. The



responses can be optimized (or at least improved) by tailoring the response based on

responses provided by other context providing devices on the NAN. For example, a

context providing device may determine which of a set of requested context parameters

remain unsatisfied after other devices have transmitted responses to a discovery query.

The context providing device may then determine which of the missing context

parameters it can provide, and include those in its own response.

[0135] In some aspects, the context providing device may also determine

cost information associated with context parameters being provided by other devices.

For example, discovery responses in some embodiments may not only indicate

particular context parameters that can be provided, but what cost will be "charged" for

providing those parameters. By listening to those responses, a context providing device

may adjust cost information it includes in its own response to be "competitive" with

costs offered by other devices.

[0136] The sequence diagram shows four devices, including a context

consuming device 402, and three context providing devices 404a-c. FIG. 4 shows the

context consuming device 402 transmitting a discovery query message 410 on the

network 400. In the illustrated aspect, the discovery message may be multicast or

broadcast over the network 400 such that at least all three context providing devices

404a-c receive the discovery query message. In some other aspects, the discovery query

may be transmitted via unicast addressing. In these aspects, the discovery query

message may be transmitted three times, once for each context providing device.

[0137] The discovery query message identifies one or more services or

contexts requested by the context consuming device 402. For example, the context

consuming device 402 may request local context information such as ambient lighting,

ambient atmospheric pressure, ambient temperature, location information, and/or other

context information from hardware sensors or soft sensors as described above. In some

aspects, the discovery query may also indicate one or more quality of service

parameters associated with one or more of the context parameters. For example, context

consuming device 402 may not only indicate that it needs location context information,

but that it must be accurate within three feet.

[0138] In response to receiving the discovery query message, context

providing device 404a transmits a discovery response message 412 to the context

consuming device 402. The discovery response message may identify one or more of



the contexts requested by the discovery query message 410 that can be provided by

context providing device 404a. The discovery response message 412 may also include

one or more services or contexts that can be provided to context consuming device 402

that were not requested by the context consuming device 402 when it transmitted the

discovery query 410. Note that although FIG. 4 shows the discovery response message

being transmitted from context providing device 1 404a to context consuming device

402, the discovery response message 412 may be received by other context providing

devices, such as devices 404b-c. For example, at least one of context providing devices

404b-c may employ networking "sniffing" technology to receive network messages that

are not addressed specifically to them, but are physically receivable from the wireless

network. For example, if a destination MAC address is ignored or otherwise bypassed

as part of a message receiving process, other device may "sniff the wireless network

and receive and decode other device's discovery responses.

[0139] In response to receiving the discovery query message 410, context

providing device 2 404b also transmits a discovery response message 414 to the context

consuming device 402. Note again that although discovery response message 414 may

use unicast addressing and be addressed only to context consuming device 402, at least

context providing devices 1 and/or 2 (404a and 404c) may also receive the discovery

response message 414, again, as one example via network sniffing technology. In some

other aspects, the discovery response message 414 may be multicast or broadcast on the

network 400. The discovery response message 414 also indicates context services that

may be provided to context consuming device 402. In some aspects, the discovery

response 414 may also indicate one or more services or contexts that can be provided to

context consuming device 402 that were not indicated or requested in the discovery

query message 410.

[0140] In some aspects, context providing device 3 404c receives each of the

discovery query message 410, discovery response 412, and discovery response 414.

Context providing device 3 may then determine, based on the context parameters

requested by discovery query 410 and by context parameters offered as available to the

context consuming device 402 by either context providing device 1 (through discovery

response 412) or by context providing device 2 (through discovery response 414),

which requested context parameters remain unsatisfied. Context providing device 3

404c may then determine, based on its own capabilities for example, which of the



remaining unsatisfied requested context parameters it will offer to provide to context

consuming device 402. In this way, in some aspects, context providing device 3 404c

refrains from offering redundant context parameters to context consuming device 402.

Alternatively, as discussed above, context providing device 3 404c may adapt portions

of its own response to make its "offering" more competitive when compared to the

"offerings" provided by responses 410 and/or 414.

[0141] Context providing device 3 404c may then transmit discovery

response message 416 to context consuming device 402, the response indicating one or

more context parameters that can be offered by the device 404c. In some aspects, the

response also indicates one or more quality of service parameters associated with one or

more of the offered context parameters. In some aspects, the offered context parameters

were not offered by either context providing device 1 404a or context providing device

2 404b.

[0142] Figure 5 is a flowchart of an exemplary method of sharing context

information between wireless devices on a neighbor aware network. For example,

process 500 may be performed by a context providing device, such as one or more of

devices 404a-c, illustrated in FIG. 4. Process 500 may be performed, in some aspects,

by wireless device 202. In some aspects, process 500 provides for an optimization of a

response to a discovery query received from a context consuming device. In some

aspects, services offered to the context consuming device are tailored based on

responses provided by other context providing devices. In some aspects, process 500

may include one or more of the functions of process 700, described below with respect

to FIG. 6, process 1100, described below with respect to FIG. 11, or process 1300,

described below with respect to FIG. 13.

[0143] In block 505, a device receives a discovery query. In some aspects,

the reception of the discovery query is performed by the receiver 212 and/or the

processor 204. The discovery query may be decoded to determine one or more

requested context parameters. The coding may be performed, in some aspects, by the

processor 204.

[0144] In an aspect, the context parameters are local context parameters, in

that the context parameters relate to a location of the neighbor aware network. For

example, local context parameters may include one or more of audio, location, identity,

ambient lighting, ambient atmospheric pressure, and ambient temperature, and/or other



information from hardware or "soft" sensors as described above. In some aspects, the

received discovery query may also indicate a requested quality of service (such as a

sampling rate or duty cycle) for one or more of the requested context parameters. For

example, the requesting device may request to obtain ambient temperature context

information once per minute in some aspects. In some aspects, the discovery query may

indicate a minimum accuracy or fidelity of a requested context parameter. For example,

if a requested context parameter is location information, the discovery query may

indicate that the location information must be accurate within a certain radius. For

example, the location information provided should be accurate within five feet or one

meter. In an aspect, the discovery query further indicates a keyword associated with a

requested context parameter. For example, the keyword may identify the requested

context parameter.

[0145] In block 510, the device receives one or more responses to the

discovery query, each response indicating that a device transmitting the response can

provide an indicated one or more of the requested context parameters. The reception of

the one or more responses may be performed, in some aspects, by the receiver 212

and/or the processor 204. Each response may be decoded in some aspects by the

processor 204.

[0146] In some aspects, the response may be further decoded to identify a

quality of service (such as a sampling rate or duty cycle) that can be provided for one or

more of the offered context parameters. In some aspects, the discovery response may

indicate a minimum accuracy or fidelity of an offered context parameter. For example,

if a context parameter that can be provided is location information, the response to the

discovery query may indicate that the location information that can be provided is

accurate within a certain radius. For example, the location information provided will be

accurate within five feet or one meter.

[0147] In an aspect of block 510, a device performing process 500

determines a set of outstanding context parameters based on the requested context

parameters and the context parameters indicated in the responses. In some aspects, the

outstanding context parameters are determined by subtracting the context parameters

indicated in the responses from the requested context parameters. In other words, the

device determines which context parameters are still "needed" by the device that



initiated the discovery query, even after all the other responses are processed. Block

510 may not be performed in all aspects of method 500.

[0148] In block 515, requested context parameters that can be provided by

the device performing process 500 are determined. In some aspects, block 515 may be

performed by the processor 204. In an aspect, the requested context parameters that can

be provided by the device are determined based on the device's context capabilities. In

some aspects that perform block 510 for example, the requested context parameters may

be further based on the outstanding context parameters. In an aspect, the context

parameters that can be provided by the device are based on an intersection of the

device's context capabilities and the outstanding context parameters.

[0149] Devices capabilities may include a variety of aspects of the device.

For example, whether a device includes particular hardware to sensor one or more

context parameters may be indicated by the device's capabilities. Some devices may

include one or more of a temperature sensor, ambient light sensor, GPS receiver,

pressure sensor, etc. To the extent a device is unable to sense a context parameter, the

context parameter will not be reflected in the device's capabilities and will not be

included in a set of context parameters that can be provided.

[0150] In some aspects of block 515, a set of context parameters a device

can provide to other devices may be based on a power constraint of the device. For

example, some services or context information may only be made available to other

devices when the device is operating on power provided via a wall outlet or other

reliable source of power. In some aspects, when the device is relying solely on battery

power, some services or context information may not be offered to other devices on the

neighbor aware network. For example, because obtaining GPS location information can

consume substantial amounts of power in some aspects, some devices may conditionally

offer to provide location data to other devices on a neighbor aware network only if they

are not operating on battery power alone.

[0151] In block 520, a response to the discovery query is transmitted by the

device. The transmission may be performed in some aspects by the transmitter 210

and/or the processor 204. The response indicates the context parameters that can be

provided by the device. In an aspect, the response indicates information for establishing

a secure communication channel between the transmitter of the response and a

discovery query transmitter. In some aspects, the response indicates a context



parameter available from the device that was not included in the requested context

parameters. In some aspects, the response indicates quality of service information for

one or more of the context parameters that can be provided. For example, the response

may indicate a sampling rate, duty cycle, or an availability time for one or more of the

requested context parameters. In some aspects, the response indicates one or more costs

associated with providing the requested context parameters. In various aspects, a cost

associated with providing a requested context parameter may be represented in a variety

of different units of currency. In some aspects, the cost may be represented as a

monetary currency, such as United States dollars or the European Union Euro. In some

aspects, the currency may be represented as an amount of space on a user interface of a

context consuming device that must be made accessible for display by other entities in

exchange for the requested services or contexts. For example, in some aspects, the

display of advertising on a user interface of a context consuming device may be

exchanged for one or more contexts or services. In another aspect, the currency units

may be an amount of other contexts requested by the context providing device. In these

aspects, an exchange of context information can satisfy the cost parameters of the

requested service. For example, the service exchange currency may specify the type of

context, quality of service (such as a sampling rate or duty cycle) that may be necessary

in exchange for a requested context or service.

[0152] FIG. 6 is a flowchart of an exemplary method of contracting for

context information services between wireless devices on a neighbor aware network. In

some aspects, the method 700 may be performed by the device 202 of FIG. 2. The

method 700 may be utilized by a device to provide services, such as local context

information, to another device on the neighbor aware network in exchange for payment

in some form of currency. In some aspects, process 700 may include one or more of the

functions of process 500, described above with respect to FIG. 5. The description of

process 700 refers to a context providing device and a context requesting device. In

some aspects, a context providing device may be any device. In some aspects, a context

consuming device may be any device. In some aspects, a context requesting device is a

device that transmits a discovery query. In some aspects, a context providing device is

a device that transmits a response to the discovery query. In some aspects, process 700

may be combined with portions of, or incorporate completely, one or more of processes

500, 1100, or 1300.



[0153] In block 705, a context providing device receives a discovery query

from a context consuming device, the discovery query indicating one or more requested

context parameters. In some aspects, the discovery query may be received by the

receiver 212 and/or the processor 204. In some aspects, the discovery query may be

decoded by the hardware processor 204. In an aspect, the discovery query further

indicates a requested quality of service (such as a sampling rate or duty cycle) of at least

one of the requested context parameters.

[0154] In some aspects, the discovery query further indicates a maximum

allowed cost of one or more of the requested context parameters. In some aspects, the

requested context parameters represent local context information, in that the context

parameters relate to environmental conditions within an area that is a threshold distance

from at least one node in the neighbor aware network. Local context information may

also include information acquired from one or more "soft" sensors as described above.

In some aspects, the discovery query further indicates a keyword associated with a

requested context parameter.

[0155] In an aspect, the maximum allowed cost may be represented as a

variety of different units of currency. In some aspects, the maximum allowed cost may

be represented as a monetary currency, such as United States dollars or the European

Union Euro. In some aspects, the currency may be represented as an amount of space

on a user interface of a context consuming device that must be made accessible for

display by other entities in exchange for the requested services or contexts. For

example, in some aspects, the display of advertising on a user interface of a context

consuming device may be exchanged for one or more contexts or services. In another

aspect, the currency units may be an amount of other contexts requested by the context

providing device. In these aspects, an exchange of context information can satisfy the

cost parameters of the requested service. For example, the service exchange currency

may specify the type of context, quality of service (such as a sampling rate or duty

cycle) that may be necessary in exchange for a requested context or service.

[0156] In block 710, the context providing device transmits a response to the

discovery query, the response indicating one or more of the requested context

parameters that may be provided, and one or more costs associated with providing the

requested context parameters. In some aspects, the transmission of the response is

performed by the transmitter 210 and/or the processor 204. Generally, the one or more



costs indicated in the response should be less than any maximums indicated in the

discovery query, although in some implementations, one or more of the costs may

exceed corresponding maximums indicated in the discovery query.

[0157] In various aspects, a cost associated with providing a requested

context parameter may be represented in a variety of different units of currency. In

some aspects, the cost may be represented as a monetary currency, such as United

States dollars or the European Union Euro. In some aspects, the currency may be

represented as an amount of space on a user interface of a context consuming device

that must be made accessible for display by other entities in exchange for the requested

services or contexts. For example, in some aspects, the display of advertising on a user

interface of a context consuming device may be exchanged for one or more contexts or

services. In another aspect, the currency units may be an amount of other contexts

requested by the context providing device. In these aspects, an exchange of context

information can satisfy the cost parameters of the requested service. For example, the

service exchange currency may specify the type of context, quality of service (such as a

sampling rate or duty cycle) that may be necessary in exchange for a requested context

or service.

[0158] In an aspect, the response further indicates one or more values of the

requested context parameters. For example, sample data may be provided in the

response. This may especially be the case when there is no cost associated with

providing the service. In this case, there may be no need for an acceptance protocol to

occur between a context consuming device and context providing device before an

exchange of context information may begin.

[0159] In an aspect, the response further indicates quality of service

parameters for one or more of the requested context parameters. For example, in an

aspect, the response may indicate a quality of service (such as a sampling rate or duty

cycle) of a context parameter that can be provided by the context providing device. In

some aspects, quality of service parameters may also include parameters indicative of

the accuracy or fidelity of a context parameter that can be provided, and may also be

indicated by the response. For example, if one of the context parameters that can be

provided is location information, the response may indicate that the location

information will be accurate to within 25 feet. Quality of service parameters may also

include, in some aspects, an availability time for one or more of the requested context



parameters. For example, the response may indicate that a context parameter can be

made available after an indicated elapsed time. In some aspects, the availability time

may be indicated relative to a reference clock, for example, a clock used to synchronize

availability windows on the neighbor aware network.

[0160] In some aspects, the response further indicates information for

establishing a secure communication channel between the context providing device and

the context consuming device. For example, the response may include a public key to

use when communicating with the context providing device. The response may also

include in some aspects information relating to a group key sharing scheme that may be

used to secure a channel of communication between the context consuming device and

context providing device. In some aspects, the response further indicates a context

parameter available from the context providing device that was not included in the

requested context parameters. For example, in some aspects, some devices may offer

unsolicited music, video, or local search services to other devices on the neighbor aware

network.

[0161] FIG. 7 is a flowchart of an exemplary method of contracting for

context information or other services between wireless devices on a neighbor aware

network. In some aspects, the method 770 may be performed by the device 202 of FIG.

2. In an aspect, the method 770 may be utilized by a device to obtain services, such as

local context information, from other devices on the neighbor aware network in

exchange for payment in some form of currency. In some aspects, process 770 may

include one or more of the functions of process 900, described below with respect to

FIG. 9, and/or one or more of the functions of process 1200, described below with

respect to FIG. 12.

[0162] In block 775, a context consuming device transmits a discovery

query, the discovery query indicating one or more requested context parameters. In an

aspect, the discovery query is multicast or broadcast on the neighbor aware network. In

some aspects, the discovery query may be generated by the processor 204 and

transmitted by the transmitter 210 and/or the processor 204.

[0163] In an aspect, the discovery query further indicates a quality of service

parameter for one or more of the requested context parameters. For example, in an

aspect, the discovery query further indicates a requested quality of service (such as a

sampling rate or duty cycle) of at least one of the requested context parameters. In



some aspects, the discovery query further indicates an accuracy or fidelity requirement

for a requested context parameter. For example, if the discovery query requests location

information, the discovery query may also indicate that the location information must be

accurate within a certain radius, for example five feet or one meter.

[0164] In some aspects, the discovery query further indicates a maximum

allowed cost of one or more of the requested context parameters. In an aspect, the

maximum allowed cost may be represented as a variety of different units of currency.

In some aspects, the cost may be represented as a monetary currency, such as United

States dollars or the European Union Euro. In some aspects, the currency may be

represented as an amount of space on a user interface of a context consuming device

that must be made accessible for display by other entities in exchange for the requested

services or contexts. For example, in some aspects, the display of advertising on a user

interface of a context consuming device may be exchanged for one or more contexts or

services. In another aspect, the currency units may be an amount of other contexts

requested by the context providing device. In these aspects, an exchange of context

information can satisfy the cost parameters of the requested service. For example, the

service exchange currency may specify a type of context, or a quality of service

parameter such as a sampling rate or duty cycle that may be necessary in exchange for a

requested context or service.

[0165] In some aspects, the requested context parameters represent local

context information, in that the context parameters relate to environmental conditions

within an area that is a threshold distance from at least one node in the neighbor aware

network. Local context information may also include information collected from "soft"

sensors as described above. In some aspects, the discovery query further indicates a

keyword associated with a requested context parameter.

[0166] In an aspect, the maximum allowed cost may be represented as a

variety of different units of currency. In some aspects, the cost may be represented as a

monetary currency, such as United States dollars or the European Union Euro. In some

aspects, the currency may be represented as an amount of space on a user interface of a

context consuming device that must be made accessible for display by other entities in

exchange for the requested services or contexts. For example, in some aspects, the

display of advertising on a user interface of a context consuming device may be

exchanged for one or more contexts or services. In another aspect, the currency units



may be an amount of other contexts requested by the context providing device. In these

aspects, an exchange of context information can satisfy the cost parameters of the

requested service. For example, the service exchange currency may specify the type of

context, or quality of service (such as a sampling rate or duty cycle) that may be

necessary in exchange for a requested context or service. In some aspects, the quality of

service parameters may indicate an availability time for one or more of the requested

context parameters. For example, the response may indicate that a context parameter

can be made available after an indicated elapsed time. In some aspects, the availability

time may be indicated relative to a reference clock, for example, a clock used to

synchronize availability windows on the neighbor aware network.

[0167] In block 777, the context consuming device receives a response to

the discovery query, the response indicating one or more of the requested context

parameters that may be provided, and one or more costs associated with providing the

requested context parameters. In some aspects, reception of the response may be

performed by the receiver 212 and/or the processor 204. Decoding of the response may

be performed by the processor 204 in some aspects.

[0168] In various aspects, a cost associated with providing a requested

context parameter may be represented in the response by a variety of different units of

currency. In some aspects, the cost may be represented as a monetary currency, such as

United States dollars or the European Union Euro. In some aspects, the currency may

be represented as an amount of space on a user interface of a context consuming device

that must be made accessible for display by other entities in exchange for the requested

services or contexts. For example, in some aspects, the display of advertising on a user

interface of a context consuming device may be exchanged for one or more contexts or

services. In another aspect, the currency units may be an amount of other contexts

requested by the context providing device. In these aspects, an exchange of context

information can satisfy the cost parameters of the requested service. For example, the

service exchange currency may specify the type of context, or quality of service (such

as a sampling rate or duty cycle) that may be necessary in exchange for a requested

context or service.

[0169] In an aspect, the response further indicates one or more values of the

requested context parameters. In an aspect, the response further indicates a quality of

service (for example, a sampling rate or duty cycle) of a context parameter that can be



provided by the transmitter of the response. In an aspect, the transmitter of the response

is a context providing device. In some aspects, the response further indicates

information for establishing a secure communication channel between the context

providing device and the context consuming device. For example, the response may

include a public key to use when communicating with the context providing device.

The response may also include in some aspects information relating to a group key

sharing scheme that may be used to secure a channel of communication between the

context consuming device and context providing device. In some aspects, the response

further indicates a context parameter available from the context providing device that

was not included in the requested context parameters. For example, in some aspects,

some devices may offer unsolicited music, video, or local search services to other

devices on the neighbor aware network.

[0170] FIG. 8 is a sequence diagram showing one example of a discovery

query and response message exchange on a neighbor aware network. The exchange of

messages shown in FIG. 8 enable a context consuming device to establish agreements

with context providing devices that have offered to provide context information or

services to the context consuming device.

[0171] The sequence diagram shows four devices, including a context

consuming device 802, and three context providing devices 804a-c. As discussed above

with respect to FIG. 4, the context consuming device 802 may transmit a discovery

query 810 on the neighbor aware network. The discovery query message 810 may be

multicast or broadcast such that it is received by context providing devices 804a-c. The

discovery query message 810 identifies one or more services or contexts requested by

the context consuming device 802. For example, the context consuming device 802

may request local context information such as ambient lighting, ambient atmospheric

pressure, ambient temperature, location information, or other context information such

as that collected from one or more hardware or "soft" sensors as described above. In

response to receiving the discovery query message 810, context providing device 804a

transmits a discovery response message 812 to the context consuming device 802. The

discovery response message may identify context parameters requested by the discovery

query message 810 that can be provided by context providing device 804a. The

discovery response message 812 may also include one or more services or contexts that

can be provided to context consuming device 802 that were not requested by the context



consuming device 802 when it transmitted the discovery query 810. Note that although

FIG. 8 shows the discovery response message being transmitted from context providing

device 1 804a to context consuming device 802, the discovery response message 812

may be received by other context providing devices, such as devices 804b-c. For

example, at least one of context providing devices 804b-c may employ networking

"sniffing" technology to receive network messages that are not addressed to them, but

are receivable from network 800, for example, if a destination MAC address is ignored

or otherwise bypassed as part of a message receiving process.

[0172] In response to receiving the discovery query message 810, context

providing device 2 804b also transmits a discovery response message 814 to the context

consuming device 802. Note again that although discovery response message 814 may

use unicast addressing and be addressed only to context consuming device 802, at least

context providing devices 1 and 2 (804a and 804c) may also receive the discovery

response message 814, again, as one example via network sniffing technology. In some

other aspects, the discovery response message 814 may be multicast or broadcast on the

network 800. The discovery response message 814 also indicates context parameters or

services that may be provided to context consuming device 802. In some aspects, the

discovery response 814 may also indicate one or more services or contexts that can be

provided to context consuming device 802 that were not indicated or requested in the

discovery query message 810.

[0173] In response to receiving the discovery query message 810, context

providing device 3 804c also transmits discovery response message 816 to context

consuming device 802, the response indicating one or more context parameters that can

be provided to the context consuming device 802.

[0174] Note that when a context providing device offers a service to a

context consuming device, an expiration time for the offer of a service or context may

be included in the discovery response. During the time of the offer of a service or

context, the context providing device may reserve the offered service or context data for

the context requesting device, and may not offer the service or context to other context

providing devices if they so request during the time of the offer. This may be the case

in some aspects if providing the service or context consumes a finite or limited resource

within the context providing device, such as processing power, battery life, or other

hardware or software resources. If no acceptance or other message is received from the



context consuming device before the expiration time of the offer, the context providing

device may stop reserving the requested service or context, and offer it to another

context consuming device if requested.

[0175] During or after reception of the three discovery responses 812, 814,

and 816, context consuming device 802 may determine which of the context parameters

requested in discovery query 810 can be provided by context providing devices 804a-c.

Some particular context parameters may only be offered by one of the context providing

devices. Other context parameters may be offered by two or more of the context

providing devices, while some other context parameters may be unavailable from the

three context providing devices 804a-c. Based on the context parameters offered by the

three context providing devices 804a-c, context consuming device 802 may determine

from which of the context providing devices it will obtain one or more of the requested

context parameters. Once this determination is made, the context consuming device

may need to accept one or more of the context providing devices offers to provide

context parameters.

[0176] This acceptance may be performed by a further message exchange

with each of the context providing devices selected to provide context parameters. For

example, context consuming device 802 may send a context acceptance message 820 to

context providing device 1 804a, indicating a set of context parameters to be received

from the context providing device 804a. Context providing device 1 804a may then

confirm or reject that it will provide the set of context parameters indicated in the

acceptance message 820 via an acceptance reply message 822. Similar exchanges may

occur between context consuming device 802 and context providing devices 804b-c,

shown as message exchanges 830 -832, and 840-842.

[0177] FIG. 9 is a flowchart showing one example of a method of sharing

context information between wireless devices on a neighbor aware network. In an

aspect, process 900 is performed by the wireless device 202. In an aspect, process 900

may enable a context consuming device to establish agreements with context providing

devices that have offered to provide context information or services to the context

consuming device. In some aspects, process 900 may include one or more of the

functions of process 770, described above with respect to FIG. 7.

[0178] In block 902, a context consuming device transmits a discovery

query. The discovery query may be generated by the processor 204 and transmitted by



the transmitter 210 and/or the processor 204 in some aspects. The discovery query is

generated to indicate one or more requested context parameters. In an aspect, the

context information is local context information. In an aspect, the context information

includes one or more of audio, location, identity, ambient lighting, ambient atmospheric

pressure, and ambient temperature, and/or other information from hardware or "soft"

sensors as described above. In an aspect, the discovery query further indicates a

requested quality of service (such as a sampling rate or duty cycle) of at least one of the

requested context parameters. In an aspect, the discovery query further indicates a

keyword associated with a requested context parameter.

[0179] In block 904, the context consuming device receives a plurality of

responses to the discovery query from a plurality of responding devices, each of the

plurality of responses indicating one or more of the requested context parameters that

can be provided by the corresponding responding device. In some aspects, reception of

the plurality of responses may be performed by the receiver 212 and/or the processor

204. The plurality of responses may be decoded by the processor 204 in some aspects.

In some aspects, at least one of the plurality of responses further indicates one or more

costs associated with providing the requested context parameters. For example, in some

aspects, at least one of the received responses may operate as described above with

respect to the response transmitted in block 710. In some aspects, at least one of the

plurality of responses further indicates one or more values of the requested context

parameters. In some aspects, at least one of the plurality of responses further indicates a

quality of service (such as a sampling rate or duty cycle) of a context parameter that can

be provided by the responding device. In an aspect, the response further indicates

information for establishing a secure communication channel between the context

providing device and the context consuming device. For example, at least one of the

responses may indicate a public key that may be used to secure a communication

channel between the context consuming device and the responding device. In some

aspects, the response further indicates a context parameter available from the context

providing device that was not included in the requested context parameters. While the

description above of block 904 indicates a plurality of responses are received, in some

aspects, only one response is received. In some other aspects, no responses may be

received in block 904.



[0180] In block 906, the context consuming device determines a set of

context provider devices based on the responding devices and the indicated context

parameters that can be provided. In some aspects, the determining may be performed

by the processor 204. The context consuming device may determine a set of context

parameters that may be provided by at least one of the devices. For those context

parameters that can only be provided by one of the responding devices, the context

consuming device may determine that those context parameters will be obtained from

the one responding device that offered to provide the parameter. For context parameters

that can be provided by more than one responding device, the context consuming device

may determine which responding device a particular context parameter will be obtained

from based on one or more of a cost associated with the context parameter indicated by

each of the devices, a reputation of the responding device or a reputation associated

with an address of the responding device, and/or a quality of service (such as a sampling

rate or duty cycle) associated with each of the responses. In some aspects, the context

consuming device may determine that a single context parameter will be obtained from

more than one context providing device. This may be done, for example, to ensure

redundancy in obtaining the context parameter or to verify the accuracy of the context

parameter when it is provided by each of the devices.

[0181] In block 908, the context consuming device transmits a first request

for a first context parameter from a first of the plurality of responding devices based on

the determining. In some aspects, the transmission of the first request may be

performed by the transmitter 210 and/or the processor 204. In some aspects, the first

request of block 908 may act as an acceptance of a responding device's offer to provide

one or more context parameters to the context consuming device in block 906. As a

result of the request of block 908, the receiving device may begin to periodically, in

some aspects based on agreed upon quality of service parameters (such as duty cycles or

sampling rates), transmit context information to the context consuming device. In some

aspects, more than one requested context parameter may be accepted or requested by

the transmitted request. In some aspects, the context consuming device transmits a

second request to a second of the context providing or responding devices based on the

determining. This second request may request different context parameters than those

requested in the first request. Alternatively in some aspects, at least some of the context

parameters requested in the second request may be common to the first request.



[0182] FIG. 10 is a sequence diagram showing one example of the sharing

of context information on a neighbor aware network 1000. The sharing of context

shown in FIG. 10 may enable a context consuming device to obtain context information

utilized by one or more applications executing on the device.

[0183] FIG. 10 illustrates a context consuming device 1002 and three

context providing devices 1004a-c. Each of context providing devices 1004a-b are

multicasting or broadcasting context information via messages 1050a-b. The messages

1050a-b may be received by one or more devices on the NAN 1000. In an aspect, the

context information indicated by messages 1050a-b may be included in some aspects, in

a context information element (IE). In some aspects, the messages 1050a-b may further

indicate a quality of service of the broadcasted context information. For example, if

location information is being broadcast, the broadcast message may also indicate the

accuracy of the location information.

[0184] One or more applications executing on context consuming device

1002 (not shown) may have a need for one or more types of context information. The

applications may also need context information that meets certain quality of service

parameters, such as a minimum sampling rate, duty cycle, or accuracy level.

[0185] Context consuming device 1002 may receive at least a portion of the

needed context information from the broadcast messages 1050a-b. In some aspects, a

second portion of the context information needed by one or more applications executing

on context consuming device 1002 may not be satisfied by the context information

indicated by the messages 1050a-b.

[0186] As shown in FIG. 10, context consuming device 1002 may then

transmit a discovery query 1010 over the NAN 1000. The discovery query message

1010 may share one or more of the attributes of discovery query messages 410 or 810

discussed above. In some aspects, the discovery query 1010 may be transmitted using

a unicast address, for example, transmitted only to context providing device 1004c. In

some aspects, the discovery query message may be broadcast or multicast as shown in

FIG. 10.

[0187] After receiving the discovery query, the three context providing

devices 1004 a-c respond with discovery response messages 1012, 1014, and 1016. The

discovery response messages may share one or more of the attributes discussed above

with respect to messages 812, 814, or 816 of FIG. 8. In the illustrated aspect, context



consuming device 1002 accepts a service offered by context providing device 1004c

and transmits a service accept message 1040. The service accept message may share

one or more of the attributes of service accept or reject messages 820, 830, or 840

discussed above with respect to FIG. 8. Context providing device 1004 responds to the

service accept message 1040 with a response message 1042.

[0188] FIG. 11 is a flowchart showing one example of a method of sharing

context information between wireless devices on a neighbor aware network. In some

aspects, the neighbor aware network is also an 802. 11 network. In an aspect, process

1100 is performed by the wireless device 202. In an aspect, process 1100 may enable a

context providing device to share its context information with one or more nodes or

devices on the neighbor aware network. In some aspects, process 1100 may include one

or more of the functions of processes 500 or 700, described above with respect to FIG. 5

and 7 respectively.

[0189] In block 1102, a message is generated by a context providing device.

In some aspects, the generation of the message is performed by the processor 204. The

message indicates context information in an information element. In an aspect, the

information element is formatted as an 802.11 information element. In an aspect, the

message may include one or more context parameters. In an aspect, the context

information is local context information, such as one or more of audio, location,

identity, ambient lighting, ambient atmospheric pressure, and/or ambient temperature

information, and/or other information from hardware or "soft" sensors as described

above. In some aspects, the message further indicates quality of service information for

one or more of the indicated context information parameters. For example, the message

may indicate a sampling rate or accuracy level of an indicated context parameter. In

some aspects, the message is a beacon, probe response, or short frame for an 802.1 1

network.

[0190] In block 1 1 10, the message is transmitted on a neighbor aware

network. In some aspects, the message is broadcast. In some aspects the message is

multicast. In some aspects, the context providing device is an access point. In some

aspects, the transmitter 210 and/or the processor 204 transmits the message in block

1110.

[0191] FIG. 12 is a flowchart showing one example of a method of sharing

context information between wireless devices on a neighbor aware network. In some



aspects, the neighbor aware network is also an 802.1 1 network. In an aspect, process

1200 is performed by the wireless device 202. In an aspect, process 1200 may enable a

context consuming device to receive context information from one or more nodes on the

neighbor aware network. In some aspects, process 1200 may include one or more of the

functions of processes 770 or 900, described above with respect to FIG. 7 and 9

respectively.

[0192] In block 1202, a message is received by a context consuming device.

In some aspects, the reception of the message in block 1202 is performed by the

receiver 212 and/or the processor 204. In an aspect, a context consuming device may be

any device. In some aspects, the message indicates context information in an

information element. In an aspect, the information element is formatted as an 802. 11

information element. In an aspect, the information element may include one or more

context parameters. In an aspect, the context information is local context information,

such as one or more of audio, location, identity, ambient lighting, ambient atmospheric

pressure, and ambient temperature information, and/or information from other hardware

or "soft" sensors as described above. In some aspects, the message and/or information

element further indicates quality of service information for one or more of the indicated

context information parameters. For example, the message and/or information element

may indicate a sampling rate or accuracy level of an indicated context parameter. In

some aspects, the message is a beacon, probe response, or short frame for an 802.1 1

network. In some aspects, the message is received on a broadcast or multicast address.

[0193] In block 1210, the message is decoded. In an aspect, decoding the

message may include determining whether any application executing on the context

consuming device can use or is requesting context information indicated or included in

the message. The decoding of the received message may be performed by the

processor 204 in some aspects.

[0194] FIG. 13 is a flowchart showing one example of a method of sharing

context information between wireless devices on a neighbor aware network. In some

aspects, the neighbor aware network is also an 802. 11 network. In an aspect, process

1300 is performed by the wireless device 202. In an aspect, process 1300 may enable a

context producing device to provide context information to a context consuming device

on the neighbor aware network. In some aspects, process 1300 may include one or



more of the functions of processes 500, 700, 770 or 1100, described above with respect

to FIG. 5, 6, 7 and 11 respectively.

[0195] In block 1305, a discovery query is received by a device. In some

aspects, the reception of the discovery query is performed by the receiver 212 and/or the

processor 204. In some aspects, the discovery query is an 802.1 1 wireless message. In

block 1310, the discovery query is decoded to determine one or more requested context

parameters. In some aspects, the decoding of the discovery query is performed by the

processor 204.

[0196] In an aspect, the context parameters are local context parameters, in

that the context parameters relate to a location of the neighbor aware network. Local

context parameters may include one or more of audio, location, identity, ambient

lighting, ambient atmospheric pressure, ambient temperature, and/or other information

from hardware or "soft" sensors as described above. In some aspects, the received

discovery query may also indicate a requested quality of service (such as a sampling

rate or duty cycle) for one or more of the requested context parameters. For example,

the requesting device may request to obtain ambient temperature context information

once per minute in some aspects.

[0197] In some aspects, the discovery query may be decoded to determine a

minimum accuracy or fidelity of a requested context parameter. For example, if a

requested context parameter is location information, the discovery query may indicate

that the location information must be accurate within a certain radius. For example, the

location information provided should be accurate within five feet or one meter. In an

aspect, process 1300 includes decoding the discovery query to determine a keyword

associated with a requested context parameter. In some aspects, process 1300 includes

decoding the discovery query to determine one or more quality of service parameters

associated with one or more of the requested context parameters. For example, a device

transmitting the discovery query may require a time service or a geo-location service to

be within a certain accuracy. The quality of service parameters may convey the

accuracy requirements to a receiver in some aspects.

[0198] In block 1315, requested context parameters that can be provided by

the device are determined. In an aspect, the requested context parameters that can be

provided by the device are determined based on the device's context capabilities. In

some aspects, the determination is performed by the processor 204.



[0199] Device capabilities may include a variety of aspects of the device.

For example, whether a device includes particular hardware to sensor one or more

context parameters may be indicated by the device's capabilities. Some devices may

include one or more of a temperature sensor, ambient light sensor, GPS receiver,

pressure sensor, etc. To the extent a device is unable to sense a context parameter, the

context parameter will not be reflected in the device's capabilities and will not be

included in a set of context parameters that can be provided.

[0200] In some aspects, a set of context parameters a device can provide to

other devices may be based on a power constraint of the device. For example, some

services or context information may only be made available to other devices when the

device is operating on power provided via a wall outlet or other reliable source of

power. In some aspects, when the device is relying solely on battery power, some

services or context information may not be offered to other devices on the neighbor

aware network. For example, because obtaining GPS location information can consume

substantial amounts of power in some aspects, some devices may conditionally offer to

provide location data to other devices on a neighbor aware network only if they are not

operating on battery power alone.

[0201] In some aspects of process 1300, the device receives one or more

responses to the discovery query. These one or more responses may be received from a

plurality of other wireless devices on the neighbor aware network. One or more of the

responses may indicate a transmitter of the response can provide an indicated one or

more of the requested context parameters. In some aspects, the response also includes a

quality of service (such as a sampling rate or duty cycle) that can be provided for one or

more of the offered context parameters. In some aspects, the discovery response may

indicate a minimum accuracy or fidelity of an offered context parameter. For example,

if a context parameter that can be provided is location information, the response to the

discovery query may indicate that the location information that can be provided is

accurate within a certain radius. For example, the location information provided will be

accurate within five feet or one meter.

[0202] In an aspect, the device determines a set of outstanding context

parameters based on the requested context parameters and the context parameters

indicated in the responses. In some aspects, the outstanding context parameters are



determined by subtracting the context parameters indicated in the responses from the

requested context parameters.

[0203] In block 1320, a response to the discovery query is generated. The

response indicates the context parameters that can be provided by the device. In some

aspects, the response is generated to indicate context parameters that were not included

in the requested context parameters. In some aspects, the generation of the response is

performed by the processor 204.

[0204] In some aspects, the response to the query is generated to indicate

one or more costs associated with the context parameters that can be provided. In some

aspects, one or more of the costs represent a quantity of advertising that must be

displayed on a user interface of the context consuming device in exchange for an

associated context parameter. In some aspects, one or more of the costs represent an

amount of monetary currency to be provided in exchange for an associated context

parameter. In some aspects, the cost may be represented as a monetary currency, such

as United States dollars or the European Union Euro.

[0205] In some aspects, the currency may be represented as an amount of

space on a user interface of a context consuming device that must be made accessible

for display by other entities in exchange for the requested services or contexts. For

example, in some aspects, the display of advertising on a user interface of a context

consuming device may be exchanged for one or more contexts or services.

[0206] In another aspect, the currency units may be an amount of other

contexts requested by the context providing device. In these aspects, an exchange of

context information can satisfy the cost parameters of the requested service. For

example, the service exchange currency may specify the type of context, quality of

service (such as a sampling rate or duty cycle) that may be necessary in exchange for a

requested context or service.

[0207] In some aspects, one or more of the costs represent an electronic

service to be provided in exchange for an associated context parameter. In some

aspects, the electronic service provides a context parameter.

[0208] In some aspects, the method includes generating the response to the

query to indicate a quality of service of a context parameter that can be provided. For

example, the response may indicate a sampling rate, duty cycle, or an availability time

for one or more of the requested context parameters.



[0209] In an aspect, the response is generated to indicate information for

establishing a secure communication channel between the transmitter of the response

and a discovery query transmitter. In some aspects, the response is generated to

indicate the one or more requested context parameters that can be provided by the

receiving device in an information element of the response. For example, an 802.11

information element structure may be used to communicate this information.

[0210] In block 1325, the response to the query is transmitted on the

wireless network. In some aspects, transmission of the response may be performed by

the transmitter 210 and/or processor 204. In some aspects, the response is transmitted

to a device indicated in the discovery query message received in block 1305. For

example, the discovery query message may indicate a transmitting device, and the

response is transmitted to the device transmitting the query.

[0211] As described above, a wireless device, such as wireless device 202,

may be configured to provide services within a wireless communication system, such as

the wireless communication system 100 or 160. For example, the wireless device 202,

such as STA 106, may include hardware (e.g., a sensor, a global positioning system

(GPS), etc.) that is used to capture or calculate data (e.g., sensor measurements, location

coordinates, etc.). An application running on STA 106 may then use the captured or

calculated data to perform an operation. In some cases, the captured or calculated data

may be useful to other STAs 106 in the wireless communication system 100. The other

STAs 106 could include similar hardware so as to capture or calculate similar data.

Alternatively, the STA 106 could provide these services (e.g., the captured or calculated

data) to the other STAs 106. The STA 106 may inform the other STAs 106 of the

services that the STA 106 provides by advertising this information over the wireless

communication system 100. Likewise, the other STAs 106 could also advertise the

services that they provide over the wireless communication system 100. In this way,

STAs 106 in the wireless communication system 100 may be aware of services

available in the wireless communication system 100 and avoid performing duplicative

operations. Such a wireless communication system may be referred to as a neighbor

aware network (NAN).

[0212] However, while STAs 106 in the wireless communication system 100

may benefit if one or more STAs 106 advertise the services that they each respectively

provide, other problems may occur. For example, the advertisement of services



generally occurs by transmitting a periodic message that includes the service

information. The communication circuitry of STA 106, such as transceiver 214, may

remain active in order to transmit the periodic messages and/or to receive requests for

services from other STAs 106. Accordingly, the STA 106 may consume an increased

amount of power. For a STA 106 that is connected to a source of continuously

available power (e.g., a power outlet, an energy harvesting device, etc.), the increased

power usage may not be a concern. On the other hand, for those STAs 106 that are

battery-powered, the increased power usage may be problematic.

[0213] In addition, the advertising of services may lead to an increase in the

number of packets transmitted over the wireless communication system 100. The

increase in the number of packets transmitted over the wireless communication system

100 may lead to an increase in the number of packet collisions that occur. The

collisions may cause the loss of data and/or may require STAs 106 to resend packets,

further increasing the power consumption of the STAs 106.

[0214] Likewise, the air link occupancy of the wireless communication

network 100 may be increased. For example, each advertisement message transmitted

by a STA 106 includes a physical (PHY) layer, a medium access control (MAC) layer,

and the data (e.g., information regarding the service(s) provided by the respective STA

106). Thus, the air link occupancy may be increased due to the increased overhead

(e.g., the PHY and MAC layers).

[0215] In order to avoid or minimize the problems discussed above, a proxy

STA may be introduced into the wireless communication system 100. A proxy STA

may be a STA 106 in the wireless communication system 100 that offers to advertise

services on behalf of one or more other STAs 106. For example, the proxy STA may be

a STA 106 connected to a source of continuously available power and may advertise

services on behalf of another STA 106 that is battery-powered. A proxy STA may

allow other STAs 106 to conserve power by not having to advertise their services and/or

remaining active for long periods of time. Since the proxy STA may advertise services

for a plurality of STAs 106, fewer collisions may occur due to the reduced number of

packets being transmitted over the wireless communication system 100. Similarly, the

air link occupancy may be reduced due to a reduced overhead (e.g., one message that

includes a PHY layer, a MAC layer, and data for three STAs is transmitted rather than

three separate messages that each include a PHY layer, a MAC layer, and data).



[0216] In some embodiments, the privacy concerns of having one device

(e.g., a proxy STA) advertise services on behalf of another device are minimized. If all

of the devices within the wireless communication system 100 are associated with the

same user, then the fact that a proxy STA may collect data from another STA is not

problematic. For example, if two devices are associated with the same user, the two

devices may be located in close proximity to each other. While location information

may otherwise be considered private data, no privacy concerns would be raised if the

first device advertises location services on behalf of the second device since both are in

close proximity to each other (e.g., the first device already knows the location of the

second device since they are in close proximity to each other). The election of a proxy

STA, the use of more than one proxy STA, the detection of a departure of a STA, and

the information provided to proxy STAs is described in greater detail below with

respect to FIGS. 3-9.

[0217] FIG. 14 illustrates a wireless communication system 1400 in which a

proxy STA may operate. As illustrated in FIG. 14, wireless communication system

1400 comprises a first service provider STA 1406A, a second service provider STA

1406B, a third service provider STA 1406C, a first proxy STA 1408, a second proxy

STA 1410, a third proxy STA 1412, a first remote STA 1420, and/or a second remote

STA 1422. As used herein, a "service provider STA" refers to STA that allows another

device to advertise the services that the STA provides on behalf of the STA. The

service provider STA provides the services that are advertised by another device.

Furthermore, as used herein, a "proxy STA" refers to a STA that advertises the

availability of services or the services themselves on behalf of another STA. Services

may refer to data captured, calculated, or otherwise determined by a STA (e.g., sensor

measurements, like temperature or pressure readings, GPS coordinates, etc.). The proxy

STA may also advertise the availability of services or the services themselves that are

offered by the proxy STA. Moreover, as used herein, a "remote STA" refers to a STA

that uses the services provided by another STA (e.g., that uses the services provided by

a service provider STA and/or that uses the services provided by a proxy STA).

Although FIG. 14 illustrates a number of STAs, those of skill in the art will recognize

that more or fewer STAs may be associated with the wireless communication system

1400.



[0218] In an embodiment, a service provider STA may select one or more

proxy STAs to advertise services on behalf of the service provider STA. For example,

first service provider STA 1406A may select first proxy STA 1408, second proxy STA

1410, or both to advertise services on behalf of the first service provider STA 1406A. If

just the first proxy STA 1408 is selected, the first proxy STA 1408 may advertise some

or all of the services provided by the first service provider STA 1406A. Likewise, if

just the second proxy STA 1410 is selected, the second proxy STA 1410 may advertise

some or all of the services provided by the first service provider STA 1406A. If both

the first proxy STA 1408 and the second proxy STA 1410 are selected, each proxy STA

1408 and 1410 may advertise some or all of the services provided by the first service

provider STA 1406A. The first proxy STA 1408 and the second proxy STA 1410 may

advertise the same services, different services, or a combination of the same services

and different services.

[0219] Similarly, a proxy STA may advertise services on behalf of one or

more service provider STAs. For example, the second proxy STA 1410 may advertise

services on behalf of the first service provider STA 1406A, the second service provider

STA 1406B, and/or the third service provider STA 1406C. The advertisement message

transmitted by the second proxy STA 1410, which is described in greater detail below,

may include the service information for each service provider STA that the second

proxy STA 1410 advertises on behalf of.

[0220] In some embodiments, a proxy STA may itself have one or more

other proxy STAs advertise on its behalf. For example, the third proxy STA 1412 may

be a proxy STA for the first proxy STA 1408. The third proxy STA 1412 may transmit

a message advertising the services of the first proxy STA 1408 and any STA that the

first proxy STA 1408 is a proxy STA for (e.g., the first service provider STA 1406A).

[0221] The advertisements transmitted by a proxy STA may be received by

one or more remote STAs. For example, an advertisement may be a broadcasted

message. The message broadcasted by the first proxy STA 1408, the second proxy STA

1410, and/or the third proxy STA 1412 may be received by the first remote STA 1420

and/or the second remote STA 1422. The first remote STA 1420 and/or the second

remote STA 1422 may then use the information received in the advertisement (e.g., if

the actual services are provided in the advertisement) or contact the appropriate service

provider STA 1406A, 1406B, and/or 1406C to obtain the relevant information (e.g., if



information regarding which service provider STA provides which services is provided

in the advertisement).

Electing a Proxy STA

[0222] Any STA in the wireless communication system 1400 may serve as a

service provider STA, a proxy STA, or a remote STA. A STA may function as a remote

STA if, for example, the STA desires certain information to perform an operation.

Whether a STA functions as a service provider STA or a proxy STA may depend on the

capabilities of the STA or may be randomly chosen.

[0223] In an embodiment, a STA may be selected as a proxy STA via a

proactive approach. For example, each STA in the wireless communication system

1400 may advertise a proxy preference number. A proxy preference number may

indicate an interest of a STA in being a proxy STA. As an example, the proxy

preference number may range from 0 to 255, with 0 indicating no interest and 255

indicating a high interest. As those of skill in the art will recognize, the proxy

preference number may include any range of numbers. In some aspects, the proxy

preference number may be a proxy capability indicator. In some of these aspects, a zero

value for a proxy preference number may indicate the STA does not have a capability to

be a proxy. A non-zero value may indicate in some aspects that the STA does have

proxy capabilities.

[0224] The proxy preference number may be chosen based on a set of

criteria. The criteria may include the capabilities of the STA (e.g., whether the STA is

battery-powered or connected to a source of continuously available power, whether the

STA provides services to other devices, whether the STA uses services provided by

other devices, a period of time that the STA expects to be associated with the wireless

communication system 1400, whether the STA experiences high or low levels of noise

when communicating within the wireless communication system 1400, the transmission

and/or reception strength of the transceiver of the STA, or the like), a proximity of the

STA to one or more other STAs, an owner of the STA and/or one or more other STAs, a

cost of proxy services if provided by the STA, the power required for information

exchange, a time of availability of the proxy service if offered by the STA, and/or the

like. The criteria may be considered as a whole in order to generate the proxy



preference number. Alternatively, some or all of the criteria may each correspond to the

generation of a separate proxy preference number. One of the proxy preference

numbers may be selected (e.g., based on a criteria that is deemed more important than

other criteria) or a proxy preference number for the STA may be generated based on a

combination of the separate proxy preference numbers.

[0225] In some aspects, a STA takes on the role of advertising for a device

that has a lower proxy preference number. For example, the first proxy STA 1408 may

advertise on behalf of the first service provider STA 1406A because a proxy preference

number of the first proxy STA 1408 may be higher than a proxy preference number of

the first service provider STA 1406A. If a first STA already functions as a proxy STA,

the first STA may give up its proxy status if a second STA that functions as a proxy

STA advertises a higher proxy preference number than the proxy preference number of

the first STA. The second STA may then serve as a proxy for the first STA.

[0226] The proxy preference number may not be static. For example, a STA

may adjust its proxy preference number based on a change in power status of the STA

(e.g., the STA is no longer connected to a source of continuously available power), on a

number of STAs that the STA acts as a proxy on behalf of (e.g., the STA may not want

to act as a proxy for any additional STAs), and/or on any other capabilities or changes

thereof of the STA.

[0227] In some aspects, two STAs in the wireless communication system

1400 may have the same proxy preference number. The STA selected to be the proxy

STA may be chosen at random. Alternatively, the STA selected to be the proxy STA

may be based on a comparison of capabilities of each STA. For example, the STA

selected to be the proxy STA may be the STA that has a longer expected battery life (or

that is connected to a source of continuously available power).

[0228] In another embodiment, a STA may be selected as a proxy STA via

an offer-based approach. FIG. 15A illustrates a wireless communication system 1500 in

which a proxy STA is elected using an offer-based approach. As illustrated in FIG.

15A, the wireless communication system 1500 includes a service provider STA 1502

and a proxy STA 1504.

[0229] In an embodiment, the service provider STA 1502 may broadcast a

discovery frame broadcast message 1510. The discovery frame broadcast message 1510

may include identification data and a wake up schedule. For example, identification



data may include a STA identifier and/or one or more service identifiers. A STA

identifier may include a MAC address, an application-based identifier (e.g., a unique

username, code, key, token, and/or location associated with an application executed on

the STA, such as a social networking application, an email application, a GPS

application, etc.), an Internet Protocol (IP) address (e.g., an IPv6 or IPv4 "link local"

address, etc.), and/or a device name. A service identifier may include a service

discovery message, an application identifier, and/or a service advertisement interval. A

wake up schedule may include information on a time when the STA will be awake to

listen for messages (e.g., pages) from other devices and which channel the STA can be

reached on when the STA is awake. In this way, the service provider STA 1502 may

periodically enter a sleep mode and conserve power.

[0230] In some embodiments, the discovery frame broadcast message 1510

also includes information regarding an incentive for another device to serve as a proxy

for the service provider STA 1502. For example, the service provider STA 1502 may

receive an advertisement from a proxy STA that includes services or the availability of

services that are the same as those provided by the service provider STA 1502. The

service provider STA 1502 may be able to offer the incentive of fewer collisions and/or

a decreased air link occupancy in the wireless communication system 1500 if the proxy

STA adds information to the advertisement message identifying the service provider

STA 1502 as also offering the particular service.

[0231] In a further embodiment, the discovery frame broadcast message

1510 is received by one or more STAs. If a proxy STA, such as the proxy STA 1504,

receives the discovery frame broadcast message 1510 and is willing to advertise

services on behalf of the service provider STA 1502, then the proxy STA 1504 may

transmit a proxy offer message 1512. The proxy STA 1504 may transmit the proxy

offer message 1512 if the capabilities of the proxy STA 1504 allow for it to advertise on

behalf of the service provider STA 1502. The proxy offer message 1512 includes an

offer from the proxy STA 1504 to serve as a proxy STA on behalf of the service

provider STA 1502.

[0232] The proxy offer message 1512 may further include criteria that the

service provider STA 1502 could use in determining whether to allow the proxy STA

1504 to serve as a proxy STA on behalf of the service provider STA 1502. The criteria

may include the capabilities of the proxy STA 1504, a proximity of the proxy STA 1504



to the service provider STA 1502, an owner of the proxy STA 1504, a cost of proxy

services provided by the proxy STA 1504, the power required for information exchange,

whether the proxy STA 1504 is battery-powered or connected to a source of

continuously available power, a time of availability of the proxy service offered by the

proxy STA 1504, and/or the like. The proxy offer message 1512 may be a unicast

message.

[0233] In a further embodiment, if the service provider STA 1502 accepts

the proxy offer provided by the proxy STA 1504, the service provider STA 1502

responds to the proxy offer message 1512 by transmitting a proxy accept message 1514.

The service provider STA 1502 may accept or reject the proxy offer provided by the

proxy STA 1504 based on some or all of the criteria listed above. The proxy accept

message 1514 may be a unicast message.

[0234] In a further embodiment, if the service provider STA 1502 accepts

the proxy offer provided by the proxy STA 1504, the proxy STA 1504 may broadcast a

discovery frame message 1516. As described above, the discovery frame message 1516

may include a PHY layer and a MAC layer. The discovery frame message 1516 may

also include data of the proxy STA 1504, data advertised on behalf of the STAs that the

proxy STA 1504 acts as a proxy for, one or more incentives for a device to become a

proxy, and/or a time when an advertising service is available.

[0235] The data of the proxy STA 1504 may include information regarding

which services are available at the proxy STA 1504. For example, the data may include

information informing remote STAs that a first service (e.g., a temperature

measurement, a pressure measurement, GPS coordinates, an ambient sound

measurement, an ambient light measurement, a humidity measurement, an emergency

alarm sensor measurement, etc.) is available at the proxy STA 1504. Thus, the data

may include a description of the service and a source address of the proxy STA 1504.

[0236] Alternatively, the data may include the services provided by the

proxy STA 1504. For example, the data may include the temperature measurement, the

pressure measurement, and/or the GPS coordinates. In this way, the remote STAs

would not need to contact the proxy STA 1504 in order to obtain the services. Thus, the

data may include a description of the service and the service itself.

[0237] The data advertised on behalf of the STAs that the proxy STA 1504

acts as a proxy for may include information regarding which services are available at



which STAs. For example, the data may include information informing remote STAs

that a first service (e.g., a temperature measurement, a pressure measurement, GPS

coordinates, an ambient sound measurement, an ambient light measurement, a humidity

measurement, an emergency alarm sensor measurement, etc.) is available at the service

provider STA 1502. Thus, the data may include a description of the service and a

source address of the STA that provides the service.

[0238] Alternatively, the data may include the services provided by the

service provider STAs. For example, the data may include the temperature

measurement, the pressure measurement, and/or the GPS coordinates. In this way, the

remote STAs would not need to contact the service provider STAs in order to obtain the

services. Thus, the data may include a description of the service and the service itself,

and a destination address of the discovery frame message 1516 may be set to a multicast

address.

[0239] In a further embodiment, the discovery frame message 1516 also

includes some or all of the information provided by the service provider STA 1502 in

the discovery frame broadcast message 1510. The information included in the

discovery frame message 1516 may be at the discretion of the proxy STA 1504 or the

service provider STA 1502.

[0240] In another embodiment, a STA may be selected as a proxy STA via a

request-based approach. FIG. 15B illustrates a wireless communication system 1550 in

which a proxy STA is elected using a request-based approach. As illustrated in FIG.

15B, the wireless communication system 1550 includes a service provider STA 1502

and a proxy STA 1504.

[0241] In an embodiment, the proxy STA 1504 may broadcast a discovery

frame broadcast message 1560. The discovery frame broadcast message 1560 may

include the proxy capabilities of the proxy STA 1504. The discovery frame broadcast

message 1560 may further include other criteria that the service provider STA 1502

could use in determining whether to allow the proxy STA 1504 to serve as a proxy STA

on behalf of the service provider STA 1502. The other criteria may include the a

proximity of the proxy STA 1504 to the service provider STA 1502, an owner of the

proxy STA 1504, a cost of proxy services provided by the proxy STA 1504, the power

required for information exchange, whether the proxy STA 1504 is battery-powered or



connected to a source of continuously available power, a time of availability of the

proxy service offered by the proxy STA 1504, and/or the like.

[0242] In a further embodiment, the discovery frame broadcast message

1560 is received by one or more STAs. If a service provider STA, such as the service

provider STA 1502, receives the discovery frame broadcast message 1560 and is willing

to allow the proxy STA 1504 to serve as a proxy on behalf of the service provider STA

1502, then the service provider STA 1502 may transmit a proxy offer message 1562.

The service provider STA 1502 may transmit the proxy offer message 1562 if it

determines that it would accept the proxy STA 1504 as a proxy STA. The service

provider STA 1502 may make this determination based on some or all of the criteria

listed above (e.g., the information included in the discovery frame broadcast message

1560).

[0243] The proxy offer message 1562 may include may include

identification data of the service provider STA 1502, the wake up schedule of the

service provider STA 1502, and/or information regarding incentives to act as a proxy on

behalf of the service provider STA 1502, as described above with respect to the

discovery frame broadcast message 1560 of FIG. 15A. The proxy offer message 1562

may be a unicast message.

[0244] In a further embodiment, if the proxy STA 1504 accepts the proxy

offer provided by the service provider STA 1502, the proxy STA 1504 responds to the

proxy offer message 1562 by transmitting a proxy accept message 1564. The proxy

STA 1504 may accept or reject the proxy offer provided by the service provider STA

1502 based on some or all of the information included in the proxy offer message 1562.

The proxy accept message 1564 may be a unicast message.

[0245] In a further embodiment, if the proxy STA 1504 accepts the proxy

offer provided by the service provider STA 1502, the proxy STA 1504 may broadcast a

discovery frame message 1566. The discovery frame message 1566 may include the

same or similar information as the discovery frame message 1516 described above with

respect to FIG. 15A.

[0246] In another embodiment, a STA may be selected as a proxy STA via a

manual approach. In the manual approach, a service provider STA may discovery a

proxy STA, either by transmitting a discovery frame broadcast message, such as the

discovery frame broadcast message 1510 of FIG. 15A, or by receiving a discovery



frame broadcast message from the proxy STA, such as the proxy discovery frame

broadcast message 1560 of FIG. 15B.

[0247] Once the service provider STA has discovered the proxy STA, the

service provider STA may transmit a proxy offer or request to the proxy STA. The

proxy offer or request may be similar to the proxy offer message 1562 of FIG. 15B.

[0248] Once the proxy STA receives a proxy offer or request from the

service provider STA, a user of the proxy STA may be notified of the proxy offer or

request. For example, the notification may appear on a display of the proxy STA (e.g.,

via user interface 222).

[0249] The user may have the power to grant or reject the proxy offer or

request. For example, the user may push, press, or otherwise select a button to grant or

reject the proxy offer or request. As another example, the user may make the selection

via software that is executed by the proxy STA. The selection may be made via the user

interface 222.

[0250] In another embodiment, a STA may be selected as a proxy STA via

any combination of the proactive approach, the offer-based approach, the request-based

approach, and/or the manual approach described above.

[0251] In an embodiment, a first STA may be selected as a proxy STA in a

wireless communication system via one approach or a combination of approaches. A

second STA may then be selected as a proxy STA in the same wireless communication

system using the same approach or combination of approaches or a different approach

or combination of approaches.

[0252] Either in the process of selecting a proxy STA (e.g., via one of the

approaches described above) or after a proxy STA has been selected, the service

provider STA provides information to the selected proxy STA. The information may

include the identification data, the wake up schedule, and/or information regarding

incentives to act as a proxy on behalf of the service provider STA, as described above

with respect to FIG. 15A. Furthermore, once the proxy STA has been selected using

any one of the approaches described above, the proxy STA transmits (e.g., via a

broadcast transmission) a discovery frame, such as the discovery frame message 1516

and/or the discovery frame message 1566 described above with respect to FIGS. 15A-B.

Proxy STA Departure and Deselection



[0253] A STA that acts as a proxy on behalf of one or more other STAs may

eventually leave the wireless communication system. For example, the STA may be

physically moved outside the communication range of the wireless communication

system. As another example, the STA may be shut off. In some cases, the STA may

notify other STAs of the departure from the wireless communication system. In other

cases, the STA may not notify the other STAs of the departure from the wireless

communication system.

[0254] In an embodiment, a proxy STA may inform each of the service

provider STAs that it advertises for of an impending departure. For example, the proxy

STA may inform the service provider STAs if the departure is planned. The proxy STA

may inform the service provider STAs via a termination message. The termination

message may include a time when the proxy STA expects to depart the wireless

communication system.

[0255] In another embodiment, a proxy STA does not inform each of the

service provider STAs that is advertises for of a departure. In order to determine when

a proxy STA has departed the wireless communication system, a service provider STA

may periodically listen for service advertisements transmitted by the proxy STA. If the

service provider STA does not receive a service advertisement from the proxy STA for

a predetermined period of time, the service provider STA may send a confirmation

message to the proxy STA asking for confirmation that the proxy STA is still associated

with the wireless communication system. If no messages are received from the proxy

STA in response to the confirmation message after a predetermined period of time, the

service provider STA may elect a new proxy STA. The election of the new proxy STA

may be made using any of the approaches described above.

[0256] The predetermined period of time that the service provider STA waits

before sending the confirmation message may depend on the frequency at which service

advertisements are transmitted by the proxy STA and/or admissible latency constraints

of the proxy STA. Likewise, the predetermined period of time that the service provider

STA waits before electing a new proxy STA may depend on the frequency at which

service advertisements are transmitted by the proxy STA and/or admissible latency

constraints of the proxy STA.



[0257] In an embodiment, a remote STA may assist the service provider

STA in determining whether to deselect the proxy STA and elect a new proxy STA.

For example, the remote STA may also be listening for service advertisements

transmitted by the proxy STA. If the remote STA does not receive a service

advertisement for a predetermined period of time (e.g., the period of time may be based

on the considerations described above), the remote STA may inform the service

provider STA that it is not receiving the service advertisements and/or try to

communicate with the proxy STA. If the remote STA cannot contact the proxy STA

(e.g., using the procedure described above with respect to the service provider STA

contacting the proxy STA), the remote STA may inform the service provider STA that

the remote STA is unable to contact the proxy STA. As another example, the remote

STA may periodically try to connect with the proxy STA. If the remote STA is unable

to connect with the proxy STA, the remote STA may so inform the service provider

STA. If the service provider STA receives a predetermined number of messages

indicating that the proxy STA cannot be contacted, then the service provider STA may

begin the procedure to elect a new proxy STA as described above. The messages may

indicate that the proxy STA cannot be contacted by including error codes and/or error

messages indicating such.

Service Provider STA Departure and Deselection

[0258] In some cases, a service provider STA may eventually leave the

wireless communication system. For example, the service provider STA may be

physically moved outside the communication range of the wireless communication

system. As another example, the service provider STA may be shut off. The service

provider STA may inform the proxy STA of an impending departure so that the proxy

STA can stop acting as a proxy for the service provider STA. In other instances,

however, the service provider STA may not inform the proxy STA of a departure.

[0259] In an embodiment, a remote STA may assist a proxy STA in

determining whether a service provider has left the wireless communication system.

For example, a remote STA may be in communication with the service provider STA in

order to obtain the services offered by the service provider STA. If the remote STA is

unable to connect to the service provider STA, the remote STA may inform the proxy

STA of this development. If the proxy STA receives a predetermined number of



messages from the remote STA indicating that the remote STA cannot connect with the

service provider STA, then the proxy STA may stop acting as a proxy for the service

provider STA.

Use Case

[0260] FIG. 16 illustrates a wireless communication system 1600 that

includes a device that acts as a proxy for another device. As illustrated in FIG. 16, the

wireless communication system 1600 includes a power outlet 1602, a laptop 1606A, a

mobile phone 1606B, and a television 1606C. In an embodiment, the laptop 1606A is

considered a proxy STA, the mobile phone 1606B is considered a service provider STA,

and the television 1606C is considered a remote STA.

[0261] As illustrated in FIG. 16, the mobile phone 1606B is not connected to

a source of continuously available power. Rather, the mobile phone 1606B is running

on batteries. The laptop 1606A, on the other hand, is connected to a source of

continuously available power in the form of the power outlet 1602. In an embodiment,

the fact that the laptop 1606A is connected to a source of continuously available power

is the deciding factor in determining whether the laptop 1606A or the mobile phone

1606B should be a proxy STA. Accordingly, the laptop 1606A may function as a proxy

for the mobile phone 1606B. While the television 1606C may also be connected to a

source of continuously available power, the television 1606C may use the services

provided by the mobile phone 1606B, and thus serve as a remote STA. The capabilities

of the laptop 1606A may also factor into the selection of the laptop 1606A as the proxy

STA rather than the television 1606C.

[0262] In an embodiment, the mobile phone 1606B includes a sensor, such

as a temperature sensor. In some embodiments, the laptop 1606A may advertise on

behalf of the mobile phone 1606B that the mobile phone 1606B offers services related

to temperature readings. The advertisement may include an identification of the mobile

phone 1606B, such as an identity stored on a subscriber identity module (SIM) card or a

name of the mobile phone 1606B, as well. In other embodiments, the laptop 1606A

may advertise the temperature readings themselves on behalf of the mobile phone

1606B.

[0263] The television 1606C may receive the advertisement and either

contact the mobile phone 1606B to receive the temperature readings (e.g., if the



advertisement includes information about which device offers which service) or make

use of the temperature readings (e.g., if the temperature readings are included in the

advertisement). For example, the television 1606C may use the temperature readings to

provide the room temperature to a user as the user is watching television.

[0264] In another embodiment, the mobile phone 1606B includes a GPS

chip and the laptop 1606A includes a GPS chip. The television 1606C may desire

location information for certain applications, such as mapping applications, and can

receive this information from either the mobile phone 1606B or the laptop 1606A.

While both the mobile phone 1606B and the laptop 1606A include the capability to

determine location, the laptop 1606A may determine the location instead of the mobile

phone 1606B so that the mobile phone 1606B can conserve power. The laptop 1606A

may either advertise that the laptop 1606A offers location services or advertise the

location itself. The advertisement may also include information informing remote

STAs, such as the television 1606C, that the location services or the location itself is

being advertised on behalf of the mobile phone 1606B. In this way, the remote STAs

may receive services from the proxy STA with the understanding that the services are

the same or similar to the services that would be offered by the service provider STA.

The service provider STA in turn would not need to offer the services to any device, and

thereby conserve power. Thus, the mobile phone 1606B may conserve power by not

having to determine a location using the GPS chip, yet still have this information

available to other devices, like the television 1606C, that may desire to use the location

information.

[0265] FIG. 17 is a flowchart of a process 1700 for using a proxy station in

the wireless communication systems of FIGS la, lb, 14, 15A, 15B, and/or 16. At

block 1702, service information from at least one station is received by a proxy station.

In an embodiment, the service information includes information regarding a service that

is provided by the at least one station or the service itself. At block 1704, a message is

generated by the proxy station that comprises the service information received from the

at least one station and service information of the proxy station. In an embodiment, the

service information includes information regarding a service that is available at the

proxy station or the service itself. At block 1706, the message is transmitted by the

proxy station, which is received by a remote station that is configured to use the service

provided by the at least one station. After block 1706, the process 1700 ends.



[0266] FIG. 18 is a functional block diagram of an exemplary device 1800

that may be employed within the wireless communication systems 100, 160, 1400,

1500, 1550, and/or 1600. The device 1800 includes means 1802 for receiving service

information form at least one station. In an embodiment, means 1802 for receiving

service information form at least one station may be configured to perform one or more

of the functions discussed above with respect to block 1702. The means 1802 for

receiving service information form at least one station may include one or more of a

programmable chip, a hardware processor, a memory, and a network interface. For

example, the means 1802 for receiving service information form at least one station may

include the receiver 212 and/or the processor 204.

[0267] The device 1800 further includes means 1804 for generating a

message that comprises the service information received from the at least one station

and service information of the proxy station. In an embodiment, means 1804 for

generating a message that comprises the service information received from the at least

one station and service information of the proxy station may be configured to perform

one or more of the functions discussed above with respect to block 1704. The means

1804 for generating a message that comprises the service information received from the

at least one station and service information of the proxy station may include one or

more of a programmable chip, a hardware processor, a memory, and a network

interface. For example, the means 1804 for generating a message that comprises the

service information received from the at least one station and service information of the

proxy station may include the hardware processor 204.

[0268] The device 1800 further includes means 1806 for transmitting the

message, which is received by a remote station that is configured to use the service

provided by the at least one station. In an embodiment, means 1806 for transmitting the

message, which is received by a remote station that is configured to use the service

provided by the at least one station may be configured to perform one or more of the

functions discussed above with respect to block 1806. The means 1806 for transmitting

the message, which is received by a remote station that is configured to use the service

provided by the at least one station may include one or more of a programmable chip, a

hardware processor, a memory, and a network interface. For example, the means 1806

for transmitting the message, which is received by a remote station that is configured to



use the service provided by the at least one station may include the transmitter 210

and/or the processor 204.

[0269] FIG. 19 is another flowchart of a process 1900 for using a proxy

station in the wireless communication systems of FIGS la, lb, 14, 15A, 15B, and/or

16. At block 1902, data is received by a service provider station from a proxy station.

In an embodiment, the data includes a proxy preference number. In a further

embodiment, a proxy preference number is determined based a set of criteria, such as

the capabilities of the station (e.g., whether the station is battery-powered or connected

to a source of continuously available power, whether the station provides services to

other devices, whether the station uses services provided by other devices, a period of

time that the station expects to be associated with the wireless communication system,

whether the station experiences high or low levels of noise when communicating within

the wireless communication system, the transmission and/or reception strength of the

transceiver of the station, or the like), a proximity of the station to one or more other

stations, an owner of the station and/or one or more other stations, a cost of proxy

services if provided by the station, the power required for information exchange, a time

of availability of the proxy service if offered by the station, and/or the like.

[0270] At block 1904, the data received from the proxy station is compared

by the service provider station with data of the service provider station. In an

embodiment, the comparison includes comparing a proxy preference number of the

proxy station with a proxy preference number of the service provider station.

[0271] At block 1906, the service provider station determines whether to

allow the proxy station to advertise service information of the service provider station

on behalf of the service provider station based on the comparison. In an embodiment,

the service information includes information regarding a service that is provided by the

service provider station or the service itself. In a further embodiment, the proxy station

transmits a message comprising the service information if the apparatus allows the

proxy station to advertise the service information.

[0272] In a further embodiment, the message is received by a remote station

that is configured to use the service provided by the service provider station. In a

further embodiment, the service provider station determines to allow the proxy station

to advertise service information if a proxy preference number of the proxy station is

higher than a proxy preference number of the service provider station.



[0273] In some aspects, the proxy preference number of the proxy station

may indicate whether the proxy station actually has a proxy capability. For example, if

the proxy preference number of the proxy station is zero, or some other predetermined

value, it may indicate in some aspects that the proxy station does not have proxy

capability. A non-zero value may indicate the proxy station does have proxy capability.

[0274] After block 1906, the process 1900 ends.

[0275] FIG. 20 is another functional block diagram of an exemplary device

2000 that may be employed within the wireless communication systems 100, 160, 1400,

1500, 1550, and/or 1600. The device 2000 includes means 2002 for receiving data from

a proxy station. In an embodiment, means 2002 for receiving data from a proxy station

may be configured to perform one or more of the functions discussed above with respect

to block 1902. The means 2002 for receiving data from a proxy station may include one

or more of a programmable chip, a hardware processor, a memory, and a network

interface. For example, the means 2002 for receiving data from a proxy station may

include the receiver 212.

[0276] The device 2000 further includes means 2004 for comparing the data

received from the proxy station with data of the apparatus. In an embodiment, means

2004 for comparing the data received from the proxy station with data of the apparatus

may be configured to perform one or more of the functions discussed above with respect

to block 1904. The means 2004 for comparing the data received from the proxy station

with data of the apparatus may include one or more of a programmable chip, a hardware

processor, a memory, and a network interface. For example, the means 2004 for

comparing the data received from the proxy station with data of the apparatus may

include the hardware processor 204.

[0277] The device 2000 further includes means 2006 for determining

whether to allow the proxy station to advertise service information of the apparatus on

behalf of the apparatus based on the comparison. In an embodiment, means 2006 for

determining whether to allow the proxy station to advertise service information of the

apparatus on behalf of the apparatus based on the comparison may be configured to

perform one or more of the functions discussed above with respect to block 1906. The

means 2006 for determining whether to allow the proxy station to advertise service

information of the apparatus on behalf of the apparatus based on the comparison may

include one or more of a programmable chip, a hardware processor, a memory, and a



network interface. For example, the means 2006 for c determining whether to allow the

proxy station to advertise service information of the apparatus on behalf of the

apparatus based on the comparison may include the hardware processor 204.

[0278] FIG. 2 1 is a flowchart of a process 2100 for using a proxy station in

the wireless communication systems of FIGS la, lb, 14, 15A, 15B, and/or 16. In some

aspects, process 2100 may be performed by the wireless device 202.

[0279] At block 2102, a first message is received from a station. In some

aspects, the reception of the first message may be performed by the receiver 212 and/or

the processor 204. In block 2104, the first message is decoded to determine service

information. Decoding of the message in block 2104 may be performed, in some

aspects, by the processor 204.

[0280] The service information identifies a service provided by the station or

the service itself. In various aspects, the service information comprises one or more of

an indication of an availability of pressure measurements, an indication of an

availability of temperature measurements, an indication of an availability of location

measurements, an indication of an availability of ambient sound measurements, an

indication of an availability of ambient light measurements, an indication of an

availability of humidity measurements, an indication of an availability of emergency

alarm sensor measurements, a pressure measurement, a temperature measurement, a

location measurement, an ambient sound measurement, an ambient light measurement, a

humidity measurement, or an emergency alarm sensor measurement.

[0281] At block 2106, the first message is decoded to determine a proxy

preference number. Block 2106 may be performed, in some aspects, by the processor

204. The coded proxy preference number may be similar to the proxy preference

numbers discussed above with respect to FIGs. 14 and 15A-B.

[0282] In decision block 2108, the determined proxy preference number is

compared to a proxy preference number of the proxy station. The comparison may

determine if particular criteria are met, which may vary by embodiment. For example,

the criteria may determine whether the determined proxy preference number is greater

than (in a first aspect), greater than or equal to (in a second aspect), less than (in a third

aspect), or less than or equal (in a fourth aspect) to the proxy preference number of the

proxy station.



[0283] If the criteria is not met, process 2100 continues with other

processing. If the criteria is met, process 2100 moves from decision block 2108 to

block 2 110, and generates a second message indicating the service provided by the

station and service information of the proxy station.

[0284] Block 2112 transmits the second message to a remote station. In

some aspects, blocks 2 110 and 2112 may be performed by the transmitter 210 and/or

the processor 204. In some aspects, the remote station is configured to use the service

provided by the at least one station. In some aspects, the remote station may use a

service of the proxy /or the service information of the proxy station.

[0285] In some aspects, block 2 110 includes generating a departure message

indicating the proxy station is leaving the wireless communication network and

transmitting the departure message.

[0286] Some aspects of process 2100 include receiving a third message from

the remote station and decoding the third message to determine an error. The error

indicates the remote station cannot contact the station. In some aspects, if the proxy

station receives a number of errors from the remote station that exceed an error

threshold, no new service messages may be generated and transmitted to the remote

station. In some aspects, after a period of time, the error count may be reset and

additional messages can again be transmitted to the remote station.

[0287] In some aspects, the second message is transmitted to a second proxy

station. In some of these aspects, the second message is only transmitted to the second

proxy station if a proxy preference number of the proxy station is lower than a proxy

preference number of the second proxy station.

[0288] In some aspects, the proxy station operates under a proxy offer

scheme as discussed above with respect to FIG. 15A. In these aspects, process 2100

includes transmitting a proxy offer message to the station. The transmission of the

proxy offer message may be in response to reception and decoding of service

information from the station. In some aspects, the generation and transmission of the

second message in blocks 2108 and 2 110 may be conditioned on reception of a proxy

offer accept message from the station.

[0289] In some aspects, the proxy station operates under a proxy request

scheme as discussed above with respect to FIG. 15B. In these aspects, process 2100

receives a proxy request message from the station, and determines whether to accept the



proxy request. In some aspects, determining whether to accept the proxy request may

be based on capabilities of a device performing process 2100 and/or the proxy station.

In some aspects, the determining is based on a command issued by a user of the proxy

station, or a user of a device performing process 2100.

[0290] Process 2100 further includes in these aspects generating and

transmitting a broadcast message indicating that the proxy station is configured to serve

as a proxy station. In some aspects, the broadcast message is further generated to

indicate some type of incentive for receiving stations to become a proxy (as described

above) and may indicate a timeframe when proxy service is available from the proxy

station.

[0291] It should be understood that any reference to an element herein using

a designation such as "first," "second," and so forth does not generally limit the quantity

or order of those elements. Rather, these designations may be used herein as a

convenient wireless device of distinguishing between two or more elements or instances

of an element. Thus, a reference to first and second elements does not mean that only

two elements may be employed there or that the first element must precede the second

element in some manner. Also, unless stated otherwise a set of elements may include

one or more elements.

[0292] A person/one having ordinary skill in the art would understand that

information and signals may be represented using any of a variety of different

technologies and techniques. For example, data, instructions, commands, information,

signals, bits, symbols, and chips that may be referenced throughout the above

description may be represented by voltages, currents, electromagnetic waves, magnetic

fields or particles, optical fields or particles, or any combination thereof.

[0293] A person/one having ordinary skill in the art would further appreciate

that any of the various illustrative logical blocks, modules, processors, means, circuits,

and algorithm steps described in connection with the aspects disclosed herein may be

implemented as electronic hardware (e.g., a digital implementation, an analog

implementation, or a combination of the two, which may be designed using source

coding or some other technique), various forms of program or design code incorporating

instructions (which may be referred to herein, for convenience, as "software" or a

"software module), or combinations of both. To clearly illustrate this interchangeability

of hardware and software, various illustrative components, blocks, modules, circuits,



and steps have been described above generally in terms of their functionality. Whether

such functionality is implemented as hardware or software 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.

[0294] The various illustrative logical blocks, modules, and circuits

described in connection with the aspects disclosed herein and in connection with FIGS.

1-20 may be implemented within or performed by an integrated circuit (IC), an access

terminal, or an access point. The IC may include a general purpose processor, a digital

signal processor (DSP), an application specific integrated circuit (ASIC), a field

programmable gate array (FPGA) or other programmable logic device, discrete gate or

transistor logic, discrete hardware components, electrical components, optical

components, mechanical components, or any combination thereof designed to perform

the functions described herein, and may execute codes or instructions that reside within

the IC, outside of the IC, or both. The logical blocks, modules, and circuits may include

antennas and/or transceivers to communicate with various components within the

network or within the device. A general purpose processor may be a microprocessor,

but in the alternative, the processor may be any conventional hardware processor,

controller, microcontroller, or state machine. A hardware processor may also be

implemented as a combination of computing devices, e.g., a combination of a DSP and

a microprocessor, a plurality of microprocessors, one or more microprocessors in

conjunction with a DSP core, or any other such configuration. The functionality of the

modules may be implemented in some other manner as taught herein. The functionality

described herein (e.g., with regard to one or more of the accompanying figures) may

correspond in some aspects to similarly designated "means for" functionality in the

appended claims.

[0295] If implemented in software, the functions may be stored on or

transmitted over as one or more instructions or code on a computer-readable medium.

The steps of a method or algorithm disclosed herein may be implemented in a

processor-executable software module which may reside on a computer-readable

medium. Computer-readable media includes both computer storage media and

communication media including any medium that can be enabled to transfer a computer



program from one place to another. A storage media may be any available media that

may be accessed by a computer. By way of example, and not limitation, such

computer-readable media may include RAM, ROM, EEPROM, CD-ROM or other

optical disk storage, magnetic disk storage or other magnetic storage devices, or any

other medium that may be used to store desired program code in the form of instructions

or data structures and that may be accessed by a computer. Also, any connection can be

properly termed a computer-readable medium. Disk and disc, as used herein, includes

compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk,

and blu-ray disc where disks usually reproduce data magnetically, while discs reproduce

data optically with lasers. Combinations of the above should also be included within

the scope of computer-readable media. Additionally, the operations of a method or

algorithm may reside as one or any combination or set of codes and instructions on a

machine readable medium and computer-readable medium, which may be incorporated

into a computer program product.

[0296] It is understood that any specific order or hierarchy of steps in any

disclosed process is an example of a sample approach. Based upon design preferences,

it is understood that the specific order or hierarchy of steps in the processes may be

rearranged while remaining within the scope of the present disclosure. The

accompanying method claims present elements of the various steps in a sample order,

and are not meant to be limited to the specific order or hierarchy presented.

[0297] Various modifications to the implementations described in this

disclosure may be readily apparent to those skilled in the art, and the generic principles

defined herein may be applied to other implementations without departing from the

spirit or scope of this disclosure. Thus, the disclosure is not intended to be limited to

the implementations shown herein, but is to be accorded the widest scope consistent

with the claims, the principles and the novel features disclosed herein. The word

"exemplary" is used exclusively herein to mean "serving as an example, instance, or

illustration." Any implementation described herein as "exemplary" is not necessarily to

be construed as preferred or advantageous over other implementations.

[0298] Certain features that are described in this specification in the context

of separate implementations also can be implemented in combination in a single

implementation. Conversely, various features that are described in the context of a

single implementation also can be implemented in multiple implementations separately



or in any suitable sub-combination. Moreover, although features may be described

above as acting in certain combinations and even initially claimed as such, one or more

features from a claimed combination can in some cases be excised from the

combination, and the claimed combination may be directed to a sub-combination or

variation of a sub-combination.

[0299] Similarly, while operations are depicted in the drawings in a

particular order, this should not be understood as requiring that such operations be

performed in the particular order shown or in sequential order, or that all illustrated

operations be performed, to achieve desirable results. In certain circumstances,

multitasking and parallel processing may be advantageous. Moreover, the separation of

various system components in the implementations described above should not be

understood as requiring such separation in all implementations, and it should be

understood that the described program components and systems can generally be

integrated together in a single software product or packaged into multiple software

products. Additionally, other implementations are within the scope of the following

claims. In some cases, the actions recited in the claims can be performed in a different

order and still achieve desirable results.



WHAT IS CLAIMED IS:

1. A method of sharing environmental context information between

wireless devices, comprising:

receiving, by a receiving device, a discovery query;

decoding the discovery query to determine one or more requested

environmental context parameters;

generating a response to the query indicating the environmental context

parameters that can be provided by the receiving device; and

transmitting, by the receiving device, the response to the query.

2. The method of claim 1, wherein the requested environmental context

parameters include one or more of audio, location, identity, inertial-motion related

information, spectral distribution, ambient lighting, ambient atmospheric pressure, and

ambient temperature.

3. The method of claim 1, further comprising:

receiving, by the receiving device, one or more responses to the

discovery query;

decoding at least one of the one or more responses to determine one or

more of the requested environmental context parameters that can be provided by

at least one responding device transmitting the one or more responses;

determining a set of outstanding environmental context parameters based

on the requested environmental context parameters and the environmental

context parameters indicated in the one or more responses; and

determining the requested environmental context parameters that can be

provided by the receiving device based on the receiving device's environmental

context capabilities and the outstanding environmental context parameters.

4. The method of claim 1, further comprising determining the receiving

device's capabilities based on a power constraint of the receiving device.

5. The method of claim 1, further comprising decoding the discovery query

to determine a requested quality of service of at least one of the requested

environmental context parameters.



6. The method of claim 5, further comprising generating the response to the

query to indicate a quality of service of an environmental context parameter that can be

provided.

7. The method of claim 1, further comprising generating the response to the

query to indicate one or more costs associated with the environmental context

parameters that can be provided.

8. The method of claim 7, further comprising generating at least one of the

one or more costs to represent a quantity of advertising that must be displayed on a user

interface in exchange for an associated environmental context parameter.

9. The method of claim 7, further comprising generating at least one of the

one or more costs to represent an amount of monetary currency to be provided in

exchange for an associated environmental context parameter.

10. The method of claim 7, further comprising generating at least one of the

one or more costs to represent an electronic service to be provided in exchange for an

associated environmental context parameter.

11. The method of claim 10, wherein the electronic service provides an

environmental context parameter.

12. An apparatus for sharing environmental context information between

wireless devices, comprising:

a receiver configured to receive a discovery query;

a hardware processor configured to decode the discovery query to

determine one or more requested environmental context parameters,

wherein the hardware processor is further configured to determine which

of the requested environmental context parameters can be provided by the

apparatus,

wherein the hardware processor is further configured to generate a

response to the query indicating the environmental context parameters that can

be provided by the apparatus; and

a transmitter configured to transmit a response to the query, the response

indicating the environmental context parameters that can be provided by the

apparatus.



13. The apparatus of claim 12, wherein the requested environmental context

parameters include one or more of audio, location, identity, inertial-motion related

information, spectral distribution, ambient lighting, ambient atmospheric pressure, and

ambient temperature.

14. The apparatus of claim 12,

wherein the receiver is further configured to receive one or more

responses to the discovery query,

wherein the hardware processor is further configured to decode at least

one of the one or more responses to determine one or more of the requested

environmental context parameters that can be provided by at least one

responding device transmitting the one or more responses,

wherein the hardware processor is further configured to determine a set

of outstanding environmental context parameters based on the requested

environmental context parameters and the environmental context parameters

indicated in the one or more responses, and

determine the requested environmental context parameters that can be

provided by the apparatus based on the apparatus's environmental context

capabilities and the outstanding environmental context parameters.

15. The apparatus of claim 14, wherein the apparatus's environmental

context capabilities are based on a power constraint of the apparatus.

16. The apparatus of claim 12, wherein the hardware processor is further

configured to decode the discovery query to determine a requested quality of service of

at least one of the requested environmental context parameters.

17. The apparatus of claim 16, wherein the hardware processor is further

configured to generate the response to the query to indicate a quality of service of an

environmental context parameter that can be provided by the apparatus.

18. The apparatus of claim 12, wherein the hardware processor is further

configured to generate the response to the query to indicate one or more costs associated

with the environmental context parameters indicated in the response to the query.

19. The apparatus of claim 18, wherein the hardware processor is further

configured to generate at least one of the indicated one or more costs to represent a



quantity of advertising that must be displayed on a user interface in exchange for an

associated environmental context parameter.

20. The apparatus of claim 18, wherein the hardware processor is further

configured to generate at least one of the indicated one or more costs to represent an

amount of monetary currency to be provided in exchange for an associated

environmental context parameter.

21. The apparatus of claim 18, wherein the hardware processor is further

configured to generate at least one of the one or more costs to represent an electronic

service to be provided in exchange for an associated environmental context parameter.

22. The apparatus of claim 21, wherein the electronic service provides an

environmental context parameter.

23. An apparatus for sharing environmental context information between

wireless devices, comprising:

means for receiving a discovery query;

means for decoding the discovery query to determine one or more

requested environmental context parameters;

means for determining which of the requested environmental context

parameters can be provided by the apparatus based at least in part on the one or

more requested environmental context parameters that can be provided by the

apparatus;

means for generating a response to the query indicating the

environmental context parameters that can be provided by the apparatus; and

means for transmitting the response to the query.

24. The apparatus of claim 23, wherein the requested environmental context

parameters include one or more of audio, location, identity, inertial-motion related

information, spectral distribution, ambient lighting, ambient atmospheric pressure, and

ambient temperature.

25. The apparatus of claim 23, further comprising:

means for receiving one or more responses to the discovery query;



means for decoding the one or more responses to determine one or more

of the requested environmental context parameters that can be provided by at

least one responding device transmitting the one or more responses;

means for determining a set of outstanding environmental context

parameters based on the requested environmental context parameters and the

environmental context parameters indicated in the one or more responses; and

means for determining the requested environmental context parameters

that can be provided by the apparatus based on the apparatus's environmental

context capabilities and the outstanding environmental context parameters.

26. The apparatus of claim 25, wherein the apparatus's environmental

context capabilities are based on a power constraint of the apparatus.

27. The apparatus of claim 23, further comprising means for decoding the

discovery query to determine a requested quality of service of at least one of the

requested environmental context parameters.

28. The apparatus of claim 27, further comprising means for generating the

response to indicate in the response to the query a quality of service of an environmental

context parameter that can be provided by the apparatus.

29. The apparatus of claim 23, further comprising means for generating the

response to the query to indicate one or more costs associated with the environmental

context parameters that can be provided.

30. A computer readable storage medium comprising instructions that when

executed cause a hardware processor to perform a method of sharing environmental

context information between wireless devices, the method comprising:

receiving, by a receiving device, a discovery query;

decoding the discovery query to determine one or more requested

environmental context parameters;

determining which of the requested environmental context parameters

can be provided by the receiving device based at least in part on the one or more

requested environmental context parameters that can be provided by the

receiving device;

generating a response to the query indicating the environmental context

parameters that can be provided by the receiving device; and



transmitting, by the receiving device, the response to the query.



















































A . CLASSIFICATION O F SUBJECT MATTER
INV. G01S5/02 G06F19/00 G08B13/196 H04W4/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G01S G06F G08B H0 4

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C. DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2013/064175 Al (PANDEY SANTOSH [US] ET 1-6,
AL) 14 March 2013 (2013-03-14) 12-17 ,

23-28,30
paragraph [0018] paragraph [0022] 7-11 ,
paragraph [0034] paragraph [0035] 18-22 ,29
paragraph [0045] paragraph [0048]
paragraph [0015] paragraph [0020] ; c l aim
1
paragraph [0021]
paragraph [0023]
paragraph [0031] paragraph [0035]
c l aim 1

-I

X| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

19 August 2014 27/08/2014

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Yanai , Yoav



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X EP 2 131 553 A2 (ERICSSON TELEFON AB L M 1-6,
[SE] ) 9 December 2009 (2009-12-09) 12-17 ,

23-28,30
Y paragraph [0015] - paragraph [0018] 7-11 ,

paragraph [0020] - paragraph [0023] 18-22 ,29
paragraph [0031] - paragraph [0033]
paragraph [0041] - paragraph [0043]

X US 2011/060816 Al (KUMAR PREM 1 , 12 ,29 ,
J0THI PRAGASAM [US] ET AL) 30
10 March 2011 (2011-03-10)
paragraph [0038] - paragraph [0049] ;
f i gure 1
paragraph [0117] - paragraph [0123] ;
f i gure 5
paragraph [0040] - paragraph [0060]

Y Raj i v Laroi a : " Future of Wi rel ess? The 7-11 ,
Proximate Internet" , 18-22 ,29

7 January 2010 (2010-01-07) , XP055135052 ,
Retri eved from the Internet:
URL: http://www. cedt. i i sc. ernet. i n/peopl e/ k
uri /Comsnets/ Keynotes/ Keynote- Raj i v - Laroi a
.pdf
[retri eved on 2014-08-18]
the whol e document

A US 2005/078672 Al (CALISKAN ALAATTIN [US] 1-30
ET AL) 14 Apri l 2005 (2005-04-14)
the whol e document

A US 2007/058634 Al (GUPTA VI PUL [US] ET AL) 1-30
15 March 2007 (2007-03-15)
the whol e document

A US 2010/235523 Al (GARCIA ROBERT [US] ET 1
AL) 16 September 2010 (2010-09-16)
the whol e document

A US 2009/063691 Al (KAL0F0N0S DIMITRIS [US] 1-30
ET AL) 5 March 2009 (2009-03-05)
the whol e document

A W0 00/78001 A2 (MICROSOFT CORP [US] ) 1-30
21 December 2000 (2000-12-21)
the whol e document

A US 2009/313290 Al (NARAYANAN VIDYA [US] ET 1-30
AL) 17 December 2009 (2009-12-17)
the whol e document



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2013064175 Al 14-03-2013 EP 2754310 Al 16-07-2014
US 2013064175 Al 14-03-2013

O 2013036363 Al 14-03-2013

EP 2131553 A2 09 -12 -2009 EP 2131553 A2 09 -12 -2009
US 2009306834 Al 1 -12 -2009

US 2011060816 Al 1 -03 -2011 US 2011060816 Al 1 -03 -2011
US 2011066711 Al 17 -03 -2011
US 2011066712 Al 17 -03 -2011

US 2005078672 Al 14 -04 -2005 NONE

US 2007058634 Al 15 -03 -2007 NONE

US 2010235523 Al 16 -09 -2010 CN 102422268 A 18 -04 -2012
EP 2409229 A2 25 -01 -2012
US 2010235523 Al 16 -09 -2010

O 2010107703 A2 23 -09 -2010

US 2009063691 Al 05 -03 -2009 US 2009063691 Al 05 -03 -2009
US 2012304257 Al 29 -11 -2012

W0 0078001 A2 21-12-2000 AT 294480 T 15 -05 -2005
AU 5728500 A 02 -01 -2001
DE 60019750 Dl 02 -06 -2005
DE 60019750 T2 29 -09 -2005
EP 1188291 A2 2 -03 -2002
US 7085814 Bl 01 -08 -2006
US 2005267935 Al 01 -12 -2005
WO 0078001 A2 21 -12 -2000

US 2009313290 Al 17-12-2009 CA 2727468 Al 23 -12 -2009
CN 102067562 A 18 -05 -2011
EP 2294794 Al 16 -03 -2011

P 5335905 B2 06 -11 -2013
P 2011524597 A 01 -09 -2011

KR 20110022677 A 07 -03 -2011
RU 2011101375 A 27 -07 -2012
T W 201018160 A 01 -05 -2010
US 2009313290 Al 17 -12 -2009
WO 2009155376 Al 23 -12 -2009


	abstract
	description
	claims
	drawings
	wo-search-report

