exploits the hybrid of cellular and non-cellulatwerks to expand the coverage of cellular base
stations. When a wireless device participateshghaid network, the subject method can
configure the device’s non-cellular interface taggorate or relay a cellular communication via
hopping on the non-cellular network, without intgarting an existing non-cellular connection of
the device. The concurrent uses of the non-cellntarface maximize the utilization of its

computing and communication resources to expandelwear coverage.

[0044a] In an aspect of the present invention, tieeprovided a relaying wireless device
comprising: a. a nonellular interface; b. a beacon interface; . a processor configured to provide
an application comprising: i. a first software mtedconfiguring the non-cellular interface for
relaying a cellular communication between a doveasstr wireless device and an upstream
wireless device, wherein relaying the cellular caimioation comprises: establishing and
maintaining a first wireless link between the natitdar interface and the downstream wireless
device; establishing and maintaining a second wirelesgshigtween the non-cellular interface

and the upstream wireless device; establishing and maintaining an internal tranbtgween the

first and the second wireless links, wherein theelgss links use different protocols and the
internal transfer comprises: reassembling one oerdata frames received from the downstream
wireless device into a format defined by a protag®#d in the second wireless link, reassembling
one or more data frames received from the upstieaehess device into a format defined by a
protocol used in the first wireless link, and fordiag one or more reassembled data frames to
the downstream wireless device of tipstream wireless device; and requesting the upstream
wireless device to establish and maintain the @lcommunication between the upstream
wireless dewe and a cellular base station; ii. a second software module configuring the beaco
interface for transmitting one or more beacon dgynaceiving one or more beacon signals, or

transmitting and receiving one or more beacon $sgna

[005] Disclosed herein are non-transitory computer-rel@dstiorage media encoded with a
computer program including instructions executddyl@ mobile processor to create an
application comprising: (a) a first software modabmfiguring a non-cellular interface for
establishing a first wireless link between the mefiular interface and a non-cellular access
point, and (b) a second software module configutiregnon-cellular interface and a cellular
interface for relaying a cellular communicationvke¢n an originating wireless device and a
cellular base station, wherein relaying the cetlaammunication comprises (i) establishing and
maintaining a second wireless link between the celhdar interface and the originating wireless

device; (ii) establishing and maintaining an internal bridge between the second non-cellular



virtual interface and the cellular interface; and (iii) establishing and maintaining a third wireless

link between the cellular interface and a cellllase station.

[006] Disclosed herein is a wireless device on a hybiria cellular network and a non-cellular
network comprising: (a) a cellular interface, (ln)an-cellular interface, and (c) a processor
configured to provide an application comprising: (ifirst software module configuring the non-
cellular interface for establishing a first wireddmk between the non-cellular interface and a
non-ellular access point; and (i) a second software module configuring the non-tllu
interface and the cellular interface for relayingedlular communication between an originating
wireless device and a cellular base station, wheaedaying the cellular communication
comprises: (1) establishing and maintaining a seeareless link between the non-cellular
interface and the originating wireless device; (2) establishing and maintaining an internal transfer
between the second neaHular virtual interface and the cellular interface; and (3) establishing

and maintaining a third wireless link between teButar interface and a cellular base station.

[007] Disclosed herein are non-transitory computer-rel@dstiorage media encoded with a
computer program including instructions executddyl@ mobile processor to create an
application comprising: (a) a first software modabmfiguring a non-cellular interface for

establishing and maintaining a first wireless logtween the non-cellular interface and a
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non-cellular accaeoint; and (b) a second software module configuring the non-cellular
interface for originating and maintaining a cellud@mmunication between the non-cellular
interface and a relaying wireless device, whereigimating the cellular communication
comprises: (i) establishing and maintaining a sdameineless link between the non-cellular
interface and the relaying wireless device; and (ii) requesting the relaying wireless device to
establish and maintain the cellular communicatietwieen the relaying wireless device and a

cellular base station.

[008] Disclosed herein is a wireless device on a hybiria @ellular network and a non-cellular
network comprising: (a) a cellular interface; (b) a non-cellular interface; and (c) a processor
configured to provide an application comprising: (ifirst software module configuring the non-
cellular interface for establishing and maintainanfyrst wireless link between the non-cellular
interface and a nocellular access point; and (ii) a second software module configuring the non-
cellular interface for originating and maintainiagellular communication between the non-
cellular interface and a relaying wireless dewgkerein originating the cellular communication
comprises: (1) establishing and maintaining a seé®areless link between the non-cellular
interface and the relaying wireless device; and (2) requesting the relaying wireless device to
establish and maintain the cellular communicatietwieen the relaying wireless device and a

cellular base station.

[009] Disclosed herein are non-transitory computer-relgdstiorage media encoded with a
computer program including instructions executddyl@ mobile processor to create an
application comprising: a first software module foguring a non-cellular interface for bridging
a cellular communication between an originatingeeiss device and a relaying wireless device,
wherein bridging the cellular communication comesis(a) establishing and maintaining a first
wireless link between the non-cellular irftee and the originating wireless device; (b)

establishing and maintaining a second wirelesshigtkveen the non-cellular interface and the
relaying wireless device; (c) establishing and maintaining an internal transfer between itis¢ f
and the second wless links, wherein the wireless links use different communication protocols;

and (d) requesting the relaying wireless devicestablish and maintain the cellular

communication between the relaying wireless deait a cellular base station.

[010] Disclosed herein is a wireless device on a hybiria @ellular network and a non-cellular
network comprising: (a) a cellular interface; (b) a non-cellular interface; and (c) a processor
configured to provide an application comprisingrstfsoftware module configuring the non-

cellular interface for bridging a cellular commuation between an originating wireless device
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and a relaying wireless device, wherein bridgirg¢allular communication comprises: (i)
establishing and maintaining a first wireless logtween the non-cellular interface and the
originating wireless device; (i) establishing and maintaining a second wireless link between the
non-ellular interface and the relaying wireless device; (iii) establishing and maintaining an
internal transfer between the first and the secwineless links, wherein the wireless links use
different protocols; and (iv) requesting the relaying wireless device to establish and maintain the

cellular communication between the relaying wirgldsvice and a cellular base station.

[011] Disclosed herein are non-transitory computer-relgdstiorage media encoded with a
computer program including instructions executddyl@ mobile processor to create an
application comprising: (a) a first software modatmfiguring a non-cellular interface for
establishing and maintaining a first wireless Ibgtween the non-cellular interface and a non-
cellular access point; and (b) a second software module configuring the non-cellular interface for
bridging a cellular communication between an oagjimg wireless device and a relaying wireless
device, wherein bridging the cellular communicatimmprises: (i) establishing a second
wireless link between the non-cellular interfacd #re originating \reless device; (ii)

establishing and maintaining a third wireless logween the non-cellular interface and the
relaying wireless device; (ii1) establishing and maintaining an internal transfer between the

second and the third wireless links; and (iv) requesting the relaying wireless device to establish
and maintain the cellular communication betweerréhaeying wireless device and a cellular base

station.

[012] Disclosed herein is a wireless device on a hybiria @ellular network and a non-cellular
network comprising: (a) a cellular interface; (b) a non-cellular interface; and (c) a processor
configured to provide an application comprising: (ifirst software module configuring the non-
cellular interface for establishing and maintainanfyrst wireless link between the non-cellular
interface and a nocellular access point; (ii) a second software module configuring and
maintaining the non-cellular interface for bridgiagellular communication between an
originating wireless device and a relaying wireldssice, wherein bridging the cellular
communication comprises: (1) establishing and namimg a second wireless link between the
non-ellular interface and the originating wireless device; (2) establishing and maintaining a third
wireless link between the naswtlular interface and the relaying wireless device; (3) establishing
and maintaining an internal transfer between the second and the third wireless links; and (4)
requesting the relaying wireless device to estaldisd maintain the cellular communication

between the relaying wireless device and a celhdage station.
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Claims

1. A relaying wireless device comprising:

a anon-cellular interface;

b. a beacon interface;

c. aprocessor configured to provide an application comprising:

i. afirst software module configuring the non-cellular interface for relaying a cellular
communication between a downstream wireless device and an upstream wireless device,

wherein relaying the cellular communication comprises:

establishing and maintaining afirst wireless link between the non-cellular interface and

the downstream wireless device:

establishing and maintaining a second wireless link between the non-cellular interface
and the upstream wireless device;

establishing and maintaining an internal transfer between the first and the second
wireless links, wherein the wireless links use different protocols and the internal transfer

comprises:

reassembling one or more data frames received from the downstream wireless device
into aformat defined by a protocol used in the second wirelesslink,

reassembling one or more data frames received from the upstream wireless deviceinto a
format defined by a protocol used in the first wireless link, and

forwarding one or more reassembl ed data frames to the downstream wireless device or
the upstream wireless device; and

requesting the upstream wireless device to establish and maintain the cellular

communication between the upstream wireless device and a cellular base station;

ii. a second software module configuring the beacon interface for transmitting one or
more beacon signals, receiving one or more beacon signals, or transmitting and receiving

one or more beacon signals.
31
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2. Thedevice of claim 1, wherein relaying the cellular communication is contingent on
one or more of:: abattery life, a bandwidth usage, a device type, anode-state signal, a
level of mobility, atime of day, a subscription fee, auser profile, anon-cellular signal
strength, acellular signal strength, anoise level, and an interference level.

3. The device of claim 1, wherein the beacon interface is part of the non-cellular
interface.

4. The device of claim 1, wherein the beacon interface is part of a cellular interface.

5. The device of claim 1, wherein the beacon signal comprises one or more of: a battery
life, abandwidth usage, a device type, anode-state signal, alevel of mobility, atime of
day, a subscription fee, a user profile, anon-cellular signal strength, a cellular signal

strength, anoise level, and an interference level.

6. The device of claim 1, wherein the application further comprises athird software
module concurrently configuring the non-cellular interface for establishing and
maintaining athird wireless link between the non-cellular interface and a non-cellular

access point.
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