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ACTIVE COMMUNICATION SESSION HANDOVER BETWEEN
DIRECT AND RELAYED CONNECTIONS

FIELD
[0001] The described embodiments relate generally to @sseelcommunications

using electronic devices, including systems andrtiegies for managing active
communication sessions using a direct connectioa \&treless device or a relayed
connection to the wireless device via another wggldevice.

BACKGROUND

[0002] Recent technological advances have led to situatishere a user has

multiple different active wireless devices avaitalibr communication, often at the
same general location and at the same time. Iiti@ldo a smart phone, a user may
also simultaneously have a headset, a tablet desidaptop computer, a desktop
computer, a portable media player, and/or one aerather wireless devices, each of
which may be able to conduct wireless communicatiesing one or more different
radio access technologies (RATS). The multipleedéht wireless devices can be
associated with a common account, and the user @aginate outgoing
communication sessions or receive incoming comnatiioic sessions using one or
more of the wireless devices alone or in tandenr. &odirect connection, a
communication session can be anchored directly feomireless device through a
wireless network to a remote device, while for dayed connection, the
communication session can be anchored at a primasless device and relayed
through a local connection to a secondary wiretisgce through which the user
communicates. As operating conditions change, sakhbased on performance
changes to a local connection or backhaul connectged by one or more of the
wireless devices during the communication ses$or, type of connection, whether
direct or relayed, may provide better performaretie user.

[0003] In view of the foregoing, there is a need for wasd devices that are
capable of intelligently and efficiently managingnemunication sessions using
different available connections to ensure the pessible user experience.
SUMMARY

[0004] Representative embodiments set forth herein digsolasious systems and
techniques for intelligently and efficiently managiactive communication sessions
to handover between a direct connection at a véisatievice and a relayed connection
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to the wireless device via another wireless dewiceice versa. In particular, the
embodiments set forth various systems and techsidoe a wireless connection
manager executing on a wireless device (or in cartjan with a wireless connection
manager executing on another wireless device) toage active communication
sessions with remote devices to switch betweerrifit available connections based
on performance criteria. The wireless connecticemager(s) can be triggered to
carry out wireless connection management operatio@ automated manner (e.g.,
according to default, programmed, and/or userrsggjior in a reactive manner (e.g.,
in response to receiving a user input). Accordmgome embodiments, a wireless
connection manager can operate by (1) monitoringaive communication session
by a secondary wireless device to a remote dewga direct connection via a non-
cellular wireless network, (2) detecting a degrastatof performance in a local
connection or in a backhaul connection of the neliular wireless network, (3)
determining whether a primary wireless device ispmoximity to the secondary
wireless device, and (4) continuing the communicatsession using the direct
connection or transferring the communication sestioa relayed connection via the
primary device based on availability of the primaryeless device and performance
of local communication between the primary and sdaoy wireless devices.

[0005] Under various embodiments, a wireless connectionagex can also, or
alternatively, operate by (1) monitoring an actiwgemmunication session by a
secondary wireless device to a remote device usinglayed connection through a
primary wireless device; (2) detecting availabilitfya non-cellular wireless network;
(3) determining whether performance of a local @mtion and a backhaul connection
using the non-cellular wireless network satisfiepeaformance criterion for the
communication session; and (4) continuing the comipation session using the
relayed connection through the primary wireless iaevor transferring the
communication session to a direct connection tasdm®ndary wireless device via the
non-cellular wireless network based on the perforcaaevaluation.

[0006] In some embodiments, transfer of the communicatiession between
different connections, such as between the dinectionnection and the relayed
connection occurs without user intervention. In soembodiments, a user of the
secondary wireless device is provided an indicattéran option to transfer the
communication session between different connedypes and the transfer occurs

based on user input. In some embodiments, perfarenavaluation of the local
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connection and/or the backhaul connection via the-cellular wireless network is
performed by one or more of the secondary wiretk=sgce or the primary wireless
device. In some embodiments, the secondary wiraliessce and/or the primary
wireless device obtains performance informationtf@ local connection and/or the
backhaul connection via the non-cellular wirelesstwork from one or more
additional associated wireless devices. Each vaseldevice of a plurality of
associated wireless devices used for a communicaigsion can be managed by a
separate wireless connection manager internal éorélpective wireless device. In
some embodiments, the primary and secondary wir@lesices operate together to
determine whether to transfer an active commuminasession between a relayed
connection through the primary wireless device andlirect connection to the
secondary wireless device or vice versa. In soméodiments, the secondary
wireless device determines whether to transfeattiee communication session from
a direct connection to the secondary wireless @etaca relayed connection through
the primary wireless device, and the primary wseldevice executes the transfer by
pulling the active communication session to thenpriy wireless device and relays
associated packets to the secondary wireless delncsome embodiments, the
primary and/or the secondary wireless device detesnwhether to transfer an active
communication session from a relayed connectiooutin the primary wireless
device to a direct connection at the secondarylegsedevice, where the primary
wireless device pushes the active communicatiosi@ego the secondary wireless
device and/or the secondary wireless device ph#sactive communication session
from the primary wireless device to the secondargless device.

[0007] This Summary is provided merely for purposes of mamzing some
example embodiments so as to provide a basic uadeiag of some aspects of the
subject matter described herein. Accordingly, iit ise appreciated that the above-
described features are merely examples and shailthen construed to narrow the
scope or spirit of the subject matter describeckinen any way. Other features,
aspects, and advantages of the subject matterilodevill become apparent from the
following Detailed Description, Figures, and Claims

[0008] Other aspects and advantages of the embodimentsitabes herein will
become apparent from the following detailed desiomptaken in conjunction with
the accompanying drawings which illustrate, by wagxample, the principles of the

described embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The included drawings are for illustrative purposesl serve only to

provide examples of possible structures and arrargés for the disclosed systems
and techniques for intelligently and efficiently maging calls and other
communications between multiple associated usdceev These drawings in no way
limit any changes in form and detail that may bedento the embodiments by one
skilled in the art without departing from the spand scope of the embodiments. The
embodiments will be readily understood by the folloy detailed description in
conjunction with the accompanying drawings, wheréke reference numerals
designate like structural elements.

[0010] FIG. 1 illustrates in block diagram format a setoekerlapping networks
for an exemplary wireless device according to wesiembodiments of the present
disclosure.

[0011] FIG. 2 illustrates in block diagram format an exdéamp system of
different wireless networks and wireless deviceogting to various embodiments of
the present disclosure.

[0012] FIG. 3 illustrates in block diagram format a reldymnnection between a
secondary wireless device and a remote device ghrauprimary wireless device via
a non-cellular wireless network and a cellular Wess network according to various
embodiments of the present disclosure.

[0013] FIG. 4 illustrates in block diagram format a direcinnection between a
secondary wireless device and a remote device vianacellular wireless network
according to various embodiments of the presemtassre.

[0014] FIG. 5A illustrates a flowchart of an exemplary hwt performed by a
wireless connection manager for managing wirelegsnections for an active
communication session of a wireless device accgrttinvarious embodiments of the
present disclosure.

[0015] FIG. 5B illustrates a flowchart of another exemyplarethod performed by
a wireless connection manager for managing wirel@smections for an active
communication session of a wireless device accgrttinvarious embodiments of the
present disclosure.

[0016] FIG. 6 illustrates a flowchart of a further exemplanethod performed by

a wireless connection manager for managing wirel@smections for an active
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communication session of a wireless device accgrttinvarious embodiments of the
present disclosure.

[0017] FIG. 7 Iillustrates a flowchart of an additional sy#ary method
performed by a wireless connection manager for giagawireless connections for
an active communication session of a wireless @ewaccording to various
embodiments of the present disclosure.

[0018] FIG. 8 illustrates in block diagram format an exésmpcomputing device
that can be used to implement the various compenantl techniques described
herein according to various embodiments of theegoredisclosure.

[0019] FIG. 9 illustrates in block diagram format an exéengpresentative set of
elements of a wireless device that can be useghpieiment the various components
and techniques described herein according to varemabodiments of the present
disclosure.

DETAILED DESCRIPTION

[0020] Representative applications of apparatuses, systeamsl methods

according to the presently described embodimeetpavided in this section. These
examples are being provided solely to add contedtaad in the understanding of the
described embodiments. It will thus be apparenorie skilled in the art that the
presently described embodiments can be practicédowti some or all of these
specific details. In other instances, well knowagess steps have not been described
in detail in order to avoid unnecessarily obscuritige presently described
embodiments. Other applications are possible, shah the following examples
should not be taken as limiting.

[0021] Wireless devices often provide for a multiplicity different wireless
connections, e.g., wireless wide area network (WWAdENnnections via cellular
wireless networks (when the wireless device is goipped), wireless local area
network (WLAN) connections, and wireless personataa network (WPAN)
connections. Using a relayed connection, a secgndaeless device without (or
configured to disable) wireless cellular communaatcan originate or receive
connections through a primary wireless device thavides a wireless cellular
connection to a remote device. More generally,rét@yed connection can include a
local connection between the primary and seconddrgless devices while the
primary wireless device provides a remote connectm a remote device, via a

circuit-switched legacy wireless connection or \aa packet-switched wireless
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connection, such as provided by voice over LongrlErolution (VOLTE), by Wi-Fi
calling, by Facetime® (video and/or audio), or $amiconnections. Alternatively,
non-cellular wireless connections, such as Wi-Hirgaor Facetime, can terminate
directly on the secondary wireless device. A usam choose to move an active
communication session between the primary and skecgrwireless devices, e.g., by
interacting via a user interface of one or bothha& primary and secondary wireless
devices. Rather than requiring user interventibrcan be preferable for a wireless
connection manager in the primary wireless devit@@ in the secondary wireless
device to dynamically move an active communicasession based on monitoring
performance of the communication session. Whenctimeacommunication session
that uses a direct connection to a secondary \sseldevice may be impacted
negatively by performance degradation in a localnection between the secondary
wireless device and an access point connectedbimadband network and/or in a
backhaul connection between the access point antdrttadband network, a wireless
connection manager in the secondary wireless deagaletermine whether a relayed
connection through a primary wireless device issfads and may provide a higher
performance connection. When the primary wirelessicd is available, e.g., in
proximity to the secondary wireless device, is dblprovide a local connection to the
secondary wireless device, and is also able tdhksitea remote connection via a wide
area network to a remote device with which the sdaoy wireless device is
connected for the active communication session,sdwndary wireless device can
provide an indication to the primary wireless devio request transfer of the active
communication session from a direction connectioratrelayed connection. The
primary wireless device, in response, can “pullé #ctive communication session
from the direct connection that terminates at theoadary wireless device to a
relayed connection through the primary wirelessi@evlihe primary wireless device
can establish a remote connection to a networkebasever with which the active
communication session is associated and also estadllocal connection to the
secondary wireless device in parallel. The actieenmunication session can be
transferred from the secondary wireless devicé¢oprimary wireless device, which
can relay audio, video, and/or data packets foraittere communication session to
the secondary wireless device using the local odtiore When the secondary
wireless device determines that performance degicedaf the direct connection

results (or likely results) from issues on the lomannection between the secondary
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wireless device and the access point, the new logahection established by the
primary wireless device to the secondary wirelessa can use a different path, e.g.,
through a WPAN connection such as a Bluetooth $aas Low Energy) connection
or an Apple Wireless Direct Link (AWDL) connectian through a direct WLAN
connection established (or to be established) twbe primary and secondary
wireless devices, such as through a Wi-Fi direaneation or another ad hoc WLAN
connection that does not require the use of a @lemtcess point. When the secondary
wireless device determines that the performanceadagjon of the direct connection
results (or likely results) from issues on the ek connection between the access
point and broadband network, the new local conordbetween the primary wireless
device and the secondary wireless device can tiser& path through the wireless
access point, e.g., by a WLAN connection, or a isgpalternative path, such as by a
supplemental WPAN or direct WLAN connection. Trarghg the active
communication session from the direct connectiorth® relayed connection when
performance via the direct connection degradescauar without user intervention or
awareness, thereby maintaining continuity and guétir the active communication
session using different communication paths aslaMeai In some embodiments,
performance required by a service and/or applinatinat uses the active
communication session can be accounted for wheerrdeting which connection
type to use for the active communication session.

[0022] In addition to transfer from a direct connectiomateelayed connection, an
active communication session can also be transfdéroen a relayed connection to a
direct connection, e.g., when such a direct commecbecomes available and
performance via the direct connection can be higaed/or preferred. Direct
connection of a communication session can prowdéofver latency and less (or no)
transcoding of packets, which can provide for reslde performance improvements
to the user. Direct connection of a packet-bas@&dnconication session can also use a
different communication service than a relayed eotion. For example, a direct
connection can use a broadband service, while ¢te@yed connection can use a
cellular service. As such, depending on user peefs, the direct connection can also
be preferred due to cost or other reasons. An ecdmmunication session that is
relayed through the primary wireless device todbeondary wireless device can be
transferred to a direction connection to the seaonavireless device in response to

determination of availability and satisfactory menmhance through a non-cellular
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wireless network, e.g., via a WLAN access pointe @econdary wireless device
and/or the primary wireless device can initiategfar of the active communication
session. In some embodiments, the primary andtamskary wireless devices can use
measurements obtained by one or both of the primadysecondary wireless devices
to ascertain whether a direct connection is possihd may provide performance that
is satisfactory, e.g., based on satisfying a perémce criterion. In some
embodiments, the primary and/or secondary wiretbsgces obtain performance
information from one or more other associated wsegldevices to determine whether
a direct connection to the secondary wireless dewian provide adequate
performance for the active communication session.

[0023] Accordingly, the foregoing approaches provide systand techniques for
intelligently and efficiently managing connectiof wireless devices. A more
detailed discussion of these systems and techniguses forth below and described in
conjunction with FIGS. 1 through 8, which illuseatetailed diagrams of systems and
methods that can be used to implement these systednechniques.

[0024] Wireless devices, and mobile devices in particulzan incorporate
multiple different radio access technologies (RATs)provide connections through
different wireless networks that offer different\dees and/or capabilities. A wireless
device can include hardware and software to sugpwaiteless personal area network
(“WPAN") according to a WPAN communication protocobuch as those
standardized by the Bluetodthspecial interest group (“SIG”) and/or those depelb
by Apple referred to as an Apple Wireless Directd (AWDL). The wireless device
can discover compatible peripheral wireless devares can establish connections to
these peripheral wireless devices located in cimgrovide specific communication
services through a WPAN. In some situations, thesless device can act as a
communications hub that provides access to a ssdtxal area network (“WLAN”)
and/or to a wireless wide area network (“WWAN”")aavide variety of services that
can be supported by various applications execubimghe wireless device. Thus,
communication capability for a secondary wirelessice, e.g., without and/or not
configured for WWAN communication, can be extendeihg a local WPAN (or
WLAN) connection to a primary wireless device thadvides a WWAN connection.
Alternatively, the secondary wireless device cao ahclude wireless circuitry for a

WLAN connection and can originate and/or terminatanections via a WLAN
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connection. Whether to use a direct connectionretayed connection can depend on
performance characteristics of one or more linkarofictive communication session
between the secondary wireless device and a retiewtee. Fewer links (or hops) can
provide for lower latency, and thus a direct conioeccan be preferred; however,
unlike a legacy circuit-switched connection thatyides a dedicated link, the direct
connection via a WLAN can share bandwidth with othizeless devices on the same
WLAN and/or with the backhaul connection from theeess point that manages the
WLAN. When performance on the local WLAN connectibnk and/or on the
backhaul connection degrades, a relayed connedtoa primary wireless device can
be preferred. By monitoring performance of an a&ctbommunication session and
availability and capabilities of associated wirslaeevices (such as proximity to a
primary wireless device), a secondary wirelessaiegan request transfer of an active
communication session between a direction conneara a relayed connection or
vice versa.

[0025] In accordance with various embodiments describectime the terms
“wireless communication device,” “wireless devicéehobile device,” “mobile
station,” “wireless station”, “wireless access pgirfstation”, “access point” and
“user equipment” (UE) may be used herein to descrme or more common
consumer electronic devices that may be capalperddrming procedures associated
with various embodiments of the disclosure. In oadance with various
implementations, any one of these consumer eldctrdavices may relate to: a
cellular phone or a smart phone, a tablet compatdaptop computer, a notebook
computer, a personal computer, a netbook compatemedia player device, an
electronic book device, a MiFi® device, a wearaldenputing device, as well as any
other type of electronic computing device havingeldss communication capability
that can include communication via one or more lg® communication protocols
such as used for communication on: a wireless veicea network (WWAN), a
wireless metro area network (WMAN) a wireless loaata network (WLAN), a
wireless personal area network (WPAN), a near fietthmunication (NFC), a
cellular wireless network, a fourth generation (49, LTE Advanced (LTE-A),
and/or 5G or other present or future developedmacha cellular wireless networks.
[0026] The wireless device, in some embodiments, can @goate as part of a
wireless communication system, which can includgetaof client devices, which can

also be referred to as stations, client wirelesdcds, or client wireless devices,
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interconnected to an access point (AP), e.g., €sopa WLAN, and/or to each other,
e.g., as part of a WPAN and/or an “ad hoc” wirelessvork, such as a Wi-Fi direct
connection. In some embodiments, the client desdgebe any wireless device that is
capable of communicating via a WLAN technology,.eig accordance with a
wireless local area network communication protodnl.some embodiments, the
WLAN technology can include a Wi-Fi (or more gewatiy a WLAN) wireless
communication subsystem or radio, the Wi-Fi radam émplement an Institute of
Electrical and Electronics Engineers (IEEE) 802ddhnology, such as one or more
of: IEEE 802.11a; IEEE 802.11b; IEEE 802.11¢g; IEEER.11-2007; IEEE 802.11n;
IEEE 802.11-2012; IEEE 802.11ac; or other presefiitare developed IEEE 802.11
technologies.

[0027] Additionally, it should be understood that the Wescribed herein may be
configured as multi-mode wireless communicationickey that are also capable of
communicating via different third generation (3G)déor second generation (2G)
RATSs. In these scenarios, a multi-mode UE candodigured to prefer attachment to
LTE networks offering faster data rate through@st,compared to other 3G legacy
networks offering lower data rate throughputs. Fimstance, in  some
implementations, a multi-mode UE may be configutedall back to a 3G legacy
network, e.g., an Evolved High Speed Packet Ac¢eSPA+) network or a Code
Division Multiple Access (CDMA) 2000 Evolution-Dat@nly (EV-DO) network,
when LTE and LTE-A networks are otherwise unavadab

[0028] FIG. 1 illustrates a set of overlapping wirelesswaeks for a wireless
device illustrated in block diagram format. Theeless device 102 can include a
combination of hardware and software to provideelgss connections using one or
more different wireless networks alone, separatalyn combination, such as via the
set of overlapping networks 100. The wireless c®\i02 can represent a device
having wireless communications capabilities, such aa smart phone (e.g., an
iPhone®), a tablet device (e.g., an iPad®), a wearalevice (e.g., an Apple
Watch™), a portable media player (e.g., an iPod®)laptop computer (e.g., a
MacBook®), or a desktop computer (e.g., an iMaa@ong other possible devices.
Additional wireless devices, which can connect be tvireless device 102 and
provide audio, video, and/or data media interfazas include a wireless headset, a

vehicle sound system, a digital television, a diginedia recorder, a wearable
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computing device or any other suitable wireless iaevcapable of wireless
communication and input/output capabilities.

[0029] The wireless device 102 can include a combinatidmaodware, software,
and/or firmware to provide communication using a AMP104, which can provide
power efficient connections while operating overlimited distance. WPAN
connections can typically provide for connecting ireless device 102 to peripheral
and associated wireless devices, such as headsepseces, supplemental display
devices, and supplemental input/output devicesgxample. WPAN connections can
also be used to relay communication between theless device 102 and the
peripheral wireless device through which the usar imteract for a communication
session. A representative WPAN 104 can operate agordance with a
communication protocol specified by the Bluetootls Sfor example, and/or by
Apple such as an Apple Wireless Direct Link (AWDIhe wireless device 102 can
also include a combination of hardware, softwaned/@r firmware to provide
communication using a WLAN 106 that can provideighlr data rate and a greater
operating range than a WPAN 104. The wirelessade®02 can include separate
and/or shared hardware, software, and/or firmwé&ments for the WPAN 104 and
the WLAN 106. Both the WPAN 104 and WLAN 106 carecate as “local” wireless
networks. The wireless device 102 can also incladidtional hardware, software,
and/or firmware to provide a WWAN 108 capabilitych as to interconnect with one
or more cellular wireless networks. The wirelessice 102 can provide a multitude
of services using one or more connections throutgh wireless networking
capabilities. As described further herein, a primaireless device can include
WWAN 108 capability, while a secondary wireless idevcan not include WWAN
108 capability and instead only provide WLAN 10&laWPAN 104 communication
capabilities. The secondary wireless device cannconicate with a remote device
via a WLAN 106, e.g., directly terminate a connectio the remote device, or the
secondary wireless device can communicate withréh®ote device indirectly via a
local WLAN 106 connection or a local WPAN 104 coatien to a primary wireless
device, which communicates with the remote devieeav WWAN 108 connection.
As described further herein, an active communicaiession between a secondary
wireless device and a remote device can be trapsfdretween a direct connection
and a relayed connection through a primary wireldsgice with or without user

intervention.
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[0030] FIG. 2 illustrates, in block diagram format, an mygary system 200
including different wireless networks and wireledsvices according to various
embodiments of the present disclosure. System i@€lQddes a primary wireless
device 210 that can be interconnected through akvelifferent wireless
communication technologies to an external set offokks and to a set of one or more
secondary wireless devices 220A, 220B, and 220ke primary wireless device 210
can be a “central’” device for WPAN purposes andzan form direct WLAN
connections, such as Wi-Fi direct links, to onenwre of the secondary wireless
devices 220A/B/C. The primary wireless device 240 eceive information from one
or more packet-switched wireless networks andfmnfone or more circuit-switched
wireless networks. For example, the primary wirgldsvice 210 can connect via a
WWAN connection 208 through a radio access net®k and an enhanced packet
core network 212, which can include an Internetdta (IP) Multimedia Subsystem
(IMS) to manage packet connections such as for &/oner LTE (VOLTE). The
primary wireless device 210 can use the WWAN cotioe208 to access a broad
variety of services (e.g., voice calls, text messagdata access, video calls,
multimedia messaging, and media streaming). Silyjlthe primary wireless device
210 can use a WLAN connection 206 provided throaighireless access point 202A
interconnected to a broadband communication net@08kvia a backhaul connection
230A to access a similar wide range of servicestlfosugh wireless access point
202B interconnected via a backhaul connection 230Bhe same (or another)
broadband communication network 203. The broadfkservices provided through
the WWAN connection 208 and/or through the WLAN wection 206 can be
extended to one or more secondary wireless dev26sA/B/C through additional
WLAN 206 or WPAN 204 connections, such that a WWadhnection 208 to the
primary wireless device 210 can be relayed, eugdioa video, text, and/or other
media packets can be communicated between the nyrimeeless device 210 and
one or more secondary wireless devices 220A/B/Q tr@vide input/output
capabilities for a user.

[0031] Each of the secondary wireless devices 220A, 222BC illustrated in
FIG. 2 can provide output display capabilities adl&s input response capabilities to
allow a user of the primary wireless device 210nteract with various services or
otherwise relay connections or communications, saghhrough one or both of a

WLAN connection 206 or WPAN connection 204. Foaewle, any of secondary
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wireless devices 220A, 220B, 220C can provide calay functionality for an
incoming audio/video/interactive messaging conwoectior other applicable
connection in conjunction with the primary wireletssice 210, such that the user can
accept an incoming connection or originate an daogg@onnection at any of the
secondary wireless devices 220A, 220B, or 220:h$all relay functionality can be
facilitated by way of WLAN connections to a hostv& (e.g., using an iCloud®
service) via a common wireless access point 202#oar202B, or by the various
WPAN connections 204 or direct WLAN connections 2fa8 example. In addition,
one, some or all of the secondary wireless de\2@&s\, 220B, 220C can be stand-
alone independent wireless devices that are ableptyate independently of the
primary wireless device 210. In one specific nomting embodiment, the secondary
wireless device 220A can be a desktop computingcdethe secondary wireless
device 220B can be a wearable computing devicdy ascan electronic watch, and
the secondary wireless device 220C can be a taldeice. It will be readily
appreciated that other types and arrangements refess devices can be used, and
that fewer or more than three such devices can doenslary wireless devices
associated with the primary wireless device 210.

[0032] FIG. 3 illustrates in block diagram format a reldymnnection between a
secondary wireless device 220 and a remote devigA 8r 310B through a primary
wireless device 210 via a non-cellular wirelesswoek, e.g., via a WLAN 206
connection through wireless AP 202, via a WPAN 20#4nection, or via a direct
WLAN 206 connection between the primary wirelessicke 210 and the secondary
wireless device 220. The relayed connection alstudes a wireless wide area
network (WWAN) 208 connection between the primarnyeless device 210 and a
cellular wireless network that includes a radioesscnetwork 207 and an enhanced
packet core 212 connected to the Internet 205.pFimeary wireless device 210 can
serve as an anchor for a connection to the remetecel 310A or 310B and relay
audio, video, data, messaging, media, or otheriggppé communication packets to
the secondary wireless device 220 through whiclutieg can receive and/or generate
input/output. The relayed connection can use eitherWWLAN connection 206 (via
wireless AP 202 or direct) or the WPAN connectid® 20 extend the connection
between the primary wireless device 210 and theoterdevice 310A or 310B. The
WPAN connection 204 can provide limited range, wliile WLAN connections 206,

either through the wireless access point (AP) 20&irect, can provide a wider range
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(as well as higher throughput) for local connectlmtween the primary wireless
device 210 and the secondary wireless device 22Ben\a directly terminated
connection to a remote device 310A or 310B via wieeless AP 202, such as
illustrated in FIG. 4, can provide acceptable goesior performance to the relayed
connection illustrated in FIG. 3 for the active coomication session between the
secondary wireless device 220 and the remote de34€A or 310B, the active
communication session can be transferred from eéteyed connection to a directly
terminated (also referred to as a direct) connecteng., to reduce latency and/or
reduce an amount of transcoding required for thigeacommunication session. The
communication to and from remote device 310A orBBt@n traverse one or more of
the enhanced packet core 212, which can includévi& network element, or the
Internet 205. Both circuit-switched connectiong aémote device 310A or 310B and
packet-switched connections at a remote device 310810B can be used for the
communication session. In some embodiments, packetsthe communication
session are managed by an IMS network element abg/a network-based server
knowledgeable of associations of the primary wsegldevice 210 with the secondary
wireless device 220, e.g., an iCloud server.

[0033] FIG. 4 illustrates in block diagram format a direcinection between a
secondary wireless device 220 and a remote de\idA 8r 310B through a wireless
AP 202 that is connected via a backhaul connec®3® to a broadband
communication network 203 that connects to theri@e205. The direct connection
between the secondary wireless device 220 via theéANVconnection 206 can
provide for packet-switched services, such as Waalfling, Facetime video, Facetime
audio, to the remote device 310A or 310B. The diceanection illustrated in FIG. 4
can require fewer links or hops that the relayednegation illustrated in FIG. 3 and
thus can provide lower latency and less (or nohstading, resulting in better
performance observable by a user of a service hgadirection connection. When
performance of the WLAN connection 206 to the vassl AP 202 and/or the
backhaul connection 230 from the wireless AP to lineadband communication
network 203 degrades, e.g., due to network loadsthe WLAN AP 202 is typically
shared among multiple wireless devices or due thange in signal strength or
interference on the WLAN 206 connection, the gyabf service for the direct
connection can be suboptimal. As the secondarylegisedevice 220 (and the user

thereof) can be mobile, e.g., the user of the s#mgnwireless device 220 moving
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outside the range of the wireless access pointd@0&witching to a different (and
poorer performing) wireless access point 202 (hotw), the quality provided by the
WLAN connection 206 for the direct connection te tlemote device 310 A or 310B
can vary. Should the WLAN connection 206 or thekbaal connection 230 (or a
combination of both) degrade such that the directnection does not provide an
acceptable quality, the active communication sesbeiween the secondary wireless
device 220 and the remote device 310A or 310B aartrénsferred to a relayed
connection through a primary wireless device 21@vailable and able to provide
acceptable performance for the relayed connection.

WLAN Connection Evaluation

[0034] In some embodiments, the secondary wireless deXif® includes a
connection manager, which monitors performance haf &ctive communication
session as well as one or more possible wirelessemions possible via one or more
different radio access technologies available m $kcondary wireless device 220.
When performance metrics for a first hop of a WLAbhnection 206 to the wireless
AP 202 or for the backhaul connection 230 betwdenwireless AP 202 and the
broadband communication network 203 degrade, thenexiion manager can
determine that a relayed connection through a pyinveireless device 210 can
provide (or is likely to provide) improved perfornmee for the active communication
session. In some embodiments, the wireless commeatanager evaluates a signal
quality for the WLAN connection 206 between themsw®tary wireless device 220 and
the wireless AP 202, e.g., a received signal sthenglication (RSSI) or equivalent
physical layer metric. The RSSI or equivalent caraberaged over a sliding window
and compared to a signal strength threshold. Thelegs connection manager can
also measure an application layer metric, e.ggaktime transport protocol (RTP)
packet loss rate for the active communication sesand/or an average nominal jitter
value for a buffer and compare the measured apigicdayer metrics to applicable
thresholds. When a combination of the physical lageeasurements and the
application layer measurements indicate that perdmice of the WLAN connection
206 and/or the backhaul connection 230 does nafywat performance criterion for
the active communication session (which can dependthe type of active
communication session), the wireless connectionag@ncan determine whether a
relayed connection via a primary wireless devic@ &l available and can provide

acceptable performance in place of the direct coime In a representative
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embodiment, audio quality for a Wi-Fi call can baleated by monitoring a physical
layer metric, such as by comparing a running avedghe Wi-Fi RSSI to a signal
strength threshold value, e.g., -65 dBm, and by itaong an application layer
metric, such as by comparing an average RTP pdagetincurred during the Wi-Fi
call to a packet loss threshold value, e.g., 20&yocomparing an average nominal
jitter buffer value of the Wi-Fi call to a jittehteshold value, e.g., 700 ms. When the
RSSI is below the signal strength threshold vathe,wireless connection manager
can determine that the local WLAN connection 206veen the secondary wireless
device 220 and the wireless AP is weak and thatlayed connection via a direct
WPAN connection 204 to the primary wireless devk®0 can be preferred.
Alternatively, when the RSSI exceeds the signangjth threshold value, e.g., the
local WLAN connection 206 is strong, but the meaduRTP packet loss exceeds the
packet loss threshold value or the measured ptteeeds the jitter buffer value, the
wireless connection manager can determine thatb#ttkhaul connection 230 (or
another connection further upstream) does not geoacceptable performance and a
relayed connection can be preferred. The relayedeaxiion can use either the local
WLAN connection 206 via the wireless AP 202 to ygbackets between the primary
wireless device 210 and the secondary wirelesscde2P0 or a direct WPAN
connection 204 between the the primary wirelessicde210 and the secondary
wireless device 220. The primary wireless devic® Zhn provide a WWAN
connection 208 to the remote device 310 A/B fordbeondary wireless device 220.
In some embodiments, the primary wireless devide&1id/or the secondary wireless
device 220 can determine whether to use the WLANheotion 206 or the WPAN
connection 204 for relaying packets based on acebeing provided and bandwidth,
throughput, or other quality of service requirensetiiat the service of the active
communication session requires. While RSSI and R@Eket loss are used as
representative performance metrics to evaluate m@nemiion, additional and/or
alternative performance metrics can also be uskd. pfimary wireless device 210
and/or the secondary wireless device 220 can uge@mbination of one or more
physical layer metrics, e.g., signal strength, aigquality, signal-to-noise ratio,
signal-to-interference-plus-noise ratio, interfarerievels, noise levels, bandwidth,
throughput, achievable data rates, bit error rpseket error rate, block error rate,
channel quality indicators, modulation and codiehesnes, rank indicators, multi-

channel capability, etc. to evaluate a connectianmthermore, the primary wireless
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device 210 and/or the secondary wireless devicecaBQuse any combination of one
or more application layer metrics, e.g., end-to-dath throughput, packet loss rate,
end-to-end jitter, audio quality, video qualityg.eto evaluate the connection.

[0035] In some embodiments, the secondary wireless deX&fe can support
direct termination of an active communication sassie.g., via the WLAN
connection 206 through the wireless AP 202 and headkconnection 230 to the
broadband communication network 203 but does net hany fallback options
available to use, such as a circuit-switched legaellular wireless network
connection or a packet based cellular network cctiore (e.g., VOLTE), when the
local WLAN connection 206 and/or the backhaul catioa 230 deteriorates. As
described above the secondary wireless device @2&upport transfer of the active
communication session to a relayed connection firdbe primary wireless device
210 when poor performance is observed. In some dimamts, the secondary
wireless device, 220 upon determination of the pperformance for the direct
connection through the wireless AP 202, deregistessn an IMS core network
element for a period of time, e.g., for at leasttyhminutes, in order to ensure that
subsequent communication sessions (after termmabbd the ongoing active
communication session) avoid the use of direct eotions and instead use relayed
connections through an available primary wirelesick 210 instead. After
expiration of a timer associated with the blockipgriod, the secondary wireless
device 220 can re-evaluate the performance of dleal IWLAN connection 206
and/or the backhaul connection 230 (or obtain perémce metrics from another
associated wireless device or network element, &.gerver) to determine whether to
re-enable direct connections at the secondary e@seflevice 220 via the wireless AP
202. Using direct connections, when available amtisfactory performance can be
realized, can provide superior performance, e.ghdr rate audio and/or video
connections and/or lower latency connections (fewmps). By monitoring
performance of the connections, the secondary @sisetlevice 220 can also ensure
connection reliability by transferring an active nmmunication session between
different connection types as required.

[0036] In some embodiments, a secondary wireless deviGee2®aged in an
active communication session with a remote devid® /B using a direct
connection, such as the WLAN connection 206 towireless AP 202, can detect

proximity of a primary wireless device 210 that gaovide an alternative connection,
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e.g., a relayed connection. The secondary wirglesike 220 can detect proximity of
the primary wireless device 210 in response tordeteng performance degradation
for the active communication session, or alterredyiyroactively upon establishment
of or during the active communication session,wvjgle an option for a user of the
secondary wireless device 220 whether to trankkerattive communication session
from the direct connection to a relayed connectiorough the primary wireless
device 210. In response to detection of performadegradation of the active
communication session via the direct connectioa,sticondary wireless device 220
can provide an indication to a user of the secondéareless device, e.g., an audible
and/or visual alert, that indicates actual (or atab) poor link quality and offers one
or more options to transfer the active communicagession, e.g., to an associated
primary wireless device 210. In response to an tinpug., via an input/output
interface of the secondary wireless device 220atlizye communication session can
either remain on the direct connection or be texmefl to a relayed connection
through the primary wireless device 210. The transf the active communication
session can occur without interruption or droppofgthe active communication
session, thereby allowing for seamless transfahefactive communication session
between different connections.

[0037] In some embodiments, the secondary wireless d@Z0eduring an active
communication session, scans for proximity of anary wireless device 210, e.g., by
using peer-to-peer WLAN communication and/or usiWW@AN communication. In
response to the scan, the primary wireless devide can advertise one or more
available radio access technologies, and in paatica radio access technology on
which the primary wireless device 210 is presecdinped, to any secondary wireless
devices 220 in proximity to the primary wireleswide 210. In some embodiments,
the information advertised can include one or najre radio access technology type,
such as GSM, UMTS, CDMA, LTE, LTE-A, etc., one oom media connection
capabilities, e.g., VOLTE, CS voice, PS voice, (8ew, PS video, SMS, MMS,
iMessage, Wi-Fi calling, etc. When no primary wasd device 210 is detected in
proximity to the secondary wireless device 220,abive communication session can
continue on the direct connection, and the secondaneless device 220 can scan
periodically for the primary wireless device 21(high can come into proximity to
the secondary wireless device 220. When the prinvargless device 210 is in

proximity to the secondary wireless device 220, sheondary wireless device 220
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can evaluated advertised information about radess technologies and/or media
connection capabilities of the primary wirelessidev210 to ascertain whether the
primary wireless device 210 can provide an altéveatonnection to the direct
connection for the active communication sessiomdrticular, the secondary wireless
device 220 can determine whether the primary waselevice 210 is also subject to
performance degradation, e.g., based on commumicatapabilities through a
common congested wireless AP 202, or whether tieenaltive connection is able (or
likely able) to provide superior performance to present direct connection for the
active communication session. When the primary lesie device 210 does not offer
an option for a better performance connection,aitte/e communication session can
remain directly connected at the secondary wiretksssce 220 until an alternative
connection with superior performance becomes availdn some embodiments, no
suggestion of an option to move the active comnairn session is provided in this
circumstance until a better alternative connectlmecomes available. In some
embodiments, information observed, such as proyiofithe primary wireless device
210 to the secondary wireless device 220 can baded. In some embodiments, an
indication of expected performance for differenhigections can be provided. In
some embodiments, when the primary wireless de2i€eis able to provide a better
connection for the active communication session,option to transfer the active
communication session can be provided, e.g., vianpat/output interface of the
secondary wireless device 220, permitting the w@seropportunity to transfer the
active communication session. In response to teenagjuesting transfer of the active
communication session (which can include in sombahments a selection between
several different options for the new connectighg active communication session
can be transferred to the primary wireless devib@ @xd continued through a newly
established (at least in part) connection, e.gngua circuit-switched connection
and/or packet-switched connection to an intermedsatver through which the active
communication session traverse. The transfer chtiige communication session can
occur without interruption of the connection andheut knowledge of the remote
device 310 A/B. Providing an option for transfer aiftive communication session
based on monitoring of performance and availabibfy alternative connections
through a primary wireless device 210 can imprdwe d¢all connection stability for
active communication sessions, and permits a ysgons for selecting a best radio

access technology available on a best wireleseewailable at any point in time

19



10

15

20

25

30

during the active communication session. Packes loan be reduced and/or
voice/video quality can be maintained or improveg toansferring the active
communication session among available connectidmeugh different wireless
devices associated with the secondary wirelescd&@a0.

Neighbor Assisted Network Selection

[0038] As described herein, primary wireless devices 2h@/a secondary
wireless devices 220 include wireless connectiomagament modules that can
evaluate the availability and/or quality of actuayailable, and/or potential
connections to determine a best connection an@sirdadio access technology to use
for an existing active connection or for a conmattio be established. A secondary
wireless device 220 can be capable of forming actliconnection, such as a Wi-Fi
call, or a relayed connection, such as a circuiteh®d or VOLTE call through a
primary wireless device 210 in proximity to the cedary wireless device 220. The
secondary wireless device 220 and the primary asgeldevice 210 can be paired
together as part of a set of associated wirelegsele e.g., through a common iCloud
account or another similar service. When a secgnaaeless device 220 is in an idle
mode, e.g., not connected in an active communicaéssion, the secondary wireless
device 220 can select between use of a direct ctioneor a relayed connection. A
wireless connection manager of the secondary vesetievice 220 can determine a
preferred radio access technology or connectioralulity to use for a newly
established connection. Similarly, while in an aeticommunication session, the
wireless connection manager of the secondary gseldevice 220 can switch
between different connection types based on pedobom evaluations of existing
and/or available connections. The wireless conoecthanager of the secondary
wireless device 220 can determine whether a do@whection, e.g., via a wireless AP
202 can provide adequate quality for a direct cotioe to the secondary wireless
device 220. Similarly, a wireless connection manaehe primary wireless device
210 can determine whether to establish a connectsamg a cellular radio access
technology, e.g., circuit-switched or VOLTE, or anaection using IMS through a
WLAN connection. As described hereinabove, the g® communication managers
can use any combination of physical layer (radiefrios and end-to-end application
layer (transport) metrics to determine whether aisteg or potential connection
through a wireless AP 202 can provide adequateopeence for an active (or to be

established) communication session. Accuracy of thdio access technology
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evaluation by the wireless connection manager @y based on a connection state
of the wireless device. When a wireless device @nected in an active
communication session and/or when active backgroocochmunication activity
occurs, evaluation of the connection can be mowrurate than when activity is
infrequent or no active connection exists. When wheless device is idle or not
connected in an active communication session @pslg (e.g., in a power save
state), measurements can occur less frequently vatier packets (or other
communication) available to evaluate the connectida such, accuracy of the
evaluation of potential connections can be lessrate when a wireless device wakes
from a sleep mode or otherwise uses idle mode memsunts to determine which
type of connection to use or recommend. In additibere may be a conflict in
recommendations for wireless connections betwe@nimary wireless device 210
that is operating in an idle mode and a secondamsiegs device 220 that is operating
in a connected mode, where the secondary wireleggeal 220 terminates a direct
connection and has information that is more updtedor connections via a wireless
AP 202 that the primary wireless device 210. Thenary wireless device 210, upon
waking, may not recommend switching a direct cotioedor the secondary wireless
device 220 to a relayed connection based on stébemation about the quality of
connections available through the wireless AP 20thus, cross device
communication can be used to improve the accuracly applicability of wireless
radio access technology selection for active arnd/twe established connections.
[0039] A wireless connection manager on a wireless deveg,, on the
secondary wireless device 220 and/or on the prinvaingless device 210, can
evaluate performance characteristics of an actiwencunication session through one
or more links used for the active communicationsees For example, when the
wireless device participates in a Wi-Fi call througe wireless AP 202, the wireless
device can evaluate both the quality of the WLANmection 206 between the
wireless device and the wireless AP 202, as wethagerformance characteristics of
the backhaul connection 230 between the wireless2AP and the broadband
communication network 203 (and/or as part of the-wnend connection). The
wireless device, e.g., the secondary wireless dewl@0, can evaluate any
combination of one or more physical layer metriogl @any combination of one or
more application layer (transport layer) metricgimy the active communication

session between the wireless device and a remoieed810 A/B. In some
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embodiments, the secondary wireless device 220 aonwates information about the
performance characteristics of the WLAN connect#6 and/or of the backhaul
connection 230 to additional wireless devices #Hratassociated with the secondary
wireless device 220, e.g., with any wireless devittet share the same wireless AP
and/or the same service set identifier (SSID) aas&ldoservice set identifier (BSSID)
pairs. The wireless connection manager of the skngnwireless device 220 can
communicate information about the physical layetrioe and/or the application layer
metrics, such as a measured RSSI, an RTP paclketdts a nominal jitter buffer
value, a transmit/receive packet error rate, a @adkss rate, etc. In some
embodiments, the wireless connection manager ofd¢kendary wireless device 220
communicates measurements and/or a radio accds®tegy recommendation with
neighboring wireless devices using an out-of-bagdating mechanism, e.g., through
a secondary connection and/or through a commontessible server, such as an
iCloud server.

[0040] In some embodiments, the wireless connection managyaluates
downlink performance of an active communicationsg®s using a combination of
physical layer metrics and application (transpdatyer metrics as follows. In a
representative embodiment, when a physical laydrienr the WLAN connection
206 exceeds a physical layer threshold, e.g., véhemeasured RSSI (instantaneous
and/or average) exceeds a level, such as -65 dBsmamaapplication (transport) layer
metric for the end-to-end connection exceeds adicapion layer threshold, e.g.,
average RTP packet loss exceeds 20%, or averagmailgitier buffer exceeds 700
ms, the wireless connection manager can concluakeattbackhaul connection 230
(and/or a link further upstream) does not providequate performance. The wireless
connection manager of the wireless device, e.g.sdtondary wireless device 220,
can notify additional wireless devices connectethtosame wireless AP 202 (and/or
connected to a set of wireless APs that form a comWWLAN) of the performance
and/or of a radio access technology recommenddtorconnections. In another
representative embodiment, when a physical laydrienr the WLAN connection
206 does not exceed a physical layer threshold, Rageive (RX) retry ratio less than
5%, and an application (transport) layer metrictfe@ end-to-end connection exceeds
an application layer threshold, e.g., average RAdket loss exceeds 20%, or average
nominal jitter buffer exceeds 700 ms, the wirelessnection manager can also

conclude that the backhaul connection 230 (andlorkafurther upstream) does not
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provide adequate performance and therefore nosp@ated wireless devices of the
measured performance and/or radio access technoleggmmendation. In a
representative embodiment, the RX retry ratio candbfined as a number of RX
packets that include a retry bit set divided bgtalthnumber of RX packets.

[0041] In some embodiments, the wireless connection maragduates uplink
performance of an active communication sessionguaircombination of physical
layer metrics and application (transport) layernmstas follows. In a representative
embodiment, the wireless connection manager of wireless device, e.g., the
secondary wireless device 220, determines whetieebackhaul connection 230 (or a
link further upstream) does not provide adequatéopmance by evaluating whether
the signal strength of the WLAN connection 206 lestwthe wireless AP 202 and the
secondary wireless device 220 exceeds a physigat threshold, e.g., RSSI greater
than -65 dBm, and for the same active communicasession an average transmit
(TX) packet error rate (PER) exceeds an applicafiansport) layer threshold, e.g.,
TX PER greater than 7%. When the WLAN connectio6 2Bows adequate signal
strength and/or signal quality, the wireless cotinacmanager of the secondary
wireless device 220 can conclude that the packet eate above a threshold level
indicates that the backhaul connection 230 or awotmk further upstream is
impeding performance of the active communicaticsses.

[0042] In some embodiments, the wireless connection managyaluates
performance metrics for the backhaul connectiond@8ihg an active communication
session that uses a transmission control protdc@P] as follows. In a representative
embodiment, the wireless connection manager deteswhether e.g., the secondary
wireless device 220, determines whether the bad¢kbawonection 230 (or a link
further upstream) does not provide adequate pedoce by evaluating whether the
signal strength of the WLAN connection 206 betwéas wireless AP 202 and the
secondary wireless device 220 exceeds a physigat tAreshold, e.g., RSSI greater
than -65 dBm, and for the same active communicatession whether an application
(transport) layer metric does not satisfy an apgpiln layer metric. For example,
whether an average receive (RX) TCP packet loss exteeds an application
(transport) layer threshold, e.g., RX TCP packssIgreater than X%, or whether an
average round trip time (RTT) of the active comneation session that uses TCP
exceeds a time threshold, e.g., Y ms. The RSSlevahn be either averaged or

instantaneous. In another representative embodjmién® wireless connection
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manager evaluates performance based on whetheretvae(RX) retry ratio falls
below a threshold value, e.g., less than 5%, atietrethe average RX TCP packet
loss exceeds a packet loss threshold value, €24,,0X an average RTT of the active
communication session that sues TCP exceeds athieghold, e.g., greater than Y
ms. When the WLAN connection 206 shows adequateakigtrength and/or signal
quality, the wireless connection manager of theosdary wireless device 220 can
conclude based on the application layer metrics tthe backhaul connection 230 or
another link further upstream affects negatively performance of the active
communication session.

[0043] In some embodiments, a wireless device can incdudéeeless connection
manager that monitors one or more or physical layetrics for local wireless (radio
air interface) connections and application (tramgplayer metrics for end-to-end
device-to-device connections during one or morv@@ommunication sessions. The
wireless device can share information about the itoi@d physical layer metrics
and/or application/transport layer metrics with @memore other associated wireless
devices. For example, neighboring wireless devigghin a geographic proximity
(such as within reach of a WPAN or WLAN) and/or eless devices associated
together through a common account or service, asamn iCloud account can obtain
directly from the wireless device or indirectly dgh a network based server the
information (or portions thereof) about the moreghmetrics. In some embodiments,
the wireless device shares recommendations foro radcess technology choices
and/or particular connections to assist other wg®ldevices to select among one or
more different available radio access technologreor particular connections to use
for an existing or to be established connectiorth®y “other” wireless device(s). In
some embodiments, a “crowd-based” collection afrimfation from multiple wireless
devices can be used to assess available radiosamdsiologies and/or connections
and to influence decisions, such as made by weealeanection managers of wireless
devices, when selecting a wireless network to oseaif existing or to be established
connection. In some embodiments, location inforaratf the wireless devices and/or
associated network equipment, such as wirelesssscpeints, can be used in
conjunction with measurements to provide informmaidout prevailing and/or recent
past conditions for connections that use differaxio access technologies. In some
embodiments, a wireless device can assess wheatbayranore local connections are

interference limited and/or whether one or morekhaal connections are limiting
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performance, and the wireless device can notify @nenore neighboring wireless
devices of the assessment, e.g., to assist in emiess technology and/or network
and/or connection selection. In some embodimentswiless device shares
measurements, such as physical layer measuremeadtsr application (transport)
layer measurements, with other wireless devicesexted to a common local access
point (AP) to assist the other wireless devices limk evaluation. In some
embodiments, network evaluation, performance evalnanetwork measurements,
connection measurements, noise/interference measats, signal strength
measurements, delay/latency measurements, or otteasurements useful for
communication link evaluation are shared among iplaltwireless devices to assist
with current/future link selection, to assist wittitigation of coexistence interference,
and/or to select among multiple radio access tdogies. In some embodiments, a
wireless device co-located with one or more otheelass devices uses information
gathered from at least one of the one or more atiretess devices to influence radio
access technology selection, radio link selectiomexistence mitigation, network
selection, and/or connection establishment deasion

[0044] In some embodiments, the use of a combination g§ipal layer metrics
and a combination of application layer metrics d¢@napplied to a network that
includes Internet of Things (IOT) applications. Fexample, in an IOT scenario,
several co-located wireless devices can work tagetto evaluate wireless
connections for a preferred radio access technplegich can change over time, and
whether a link is limited in the backhaul (or fuethupstream) or limited locally, e.g.,
due to poor signal strength, poor signal qualiighinoise levels, high interference
levels, etc. Each wireless device that participatate IOT scenario can include the
capability to share measurement information andnwheluding wireless connection
manager capabilities to share recommended radesadechnologies and/or wireless
connections, particularly when multiple differentreéless connections and/or radio
access technologies can be available.

Representative Exemplary Methods

[0045] FIG. 5A illustrates a flowchart 500 of an exemplamgthod performed by
a connection manager for managing connectionsrf@ciive communication session
of a wireless device, e.g., a secondary wirelesacee220. In block 502, the
secondary wireless device 220 engages in an actim@nunication session with a

remote device 310 A or 310B using a direct conoectiia a non-cellular wireless
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network, e.g., via a WLAN connection 206 througWieeless AP 202 and further via
a backhaul connection 230. In block 504, the seapndireless device 220 detects a
performance degradation of the backhaul conne@8thof the non-cellular wireless
network. In block 506, the secondary wireless dev2a20 determines whether a
primary wireless device 210 is in proximity to teecondary wireless device 220.
When no primary wireless device 210 is in proximdythe secondary wireless device
220, the active communication session can contiougse the direct connection, as
indicated in block 510. When a primary wirelesside\210 is in proximity to the
secondary wireless device 220, the secondary wsgetievice 220 can determine
whether performance via a local connection, elge, WLAN connection 206, is
satisfactory (e.g., satisfies any combination of @an more physical layer metrics or
other relevant metrics). When the local connectian provide performance required
for the active communication session, in block 3h2,active communication session
can be transferred from a direct connection thaiteates on the secondary wireless
device 220 to a relayed connection that terminatethe primary wireless device 210,
where the primary wireless device 210 providedayref packets (e.g., audio, video,
data, messaging, etc.) to the secondary wirelegsad220 using the local connection
of the non-cellular wireless network, e.g., via &AM connection 206 through the
wireless AP 202. In some embodiments, the seconddrgless device 220
determines proximity of the primary wireless devi&d® by scanning using a WPAN
radio access technology, e.g., Bluetooth (classicowv Energy) or Apple Wireless
Direct Link (AWDL). In some embodiments, the secarydwireless device 220
requests that the primary wireless device 210 feanthe active communication
session, by sending a request through an out-af-tsagnaling path, e.g., via a
network-based server, such as provided as partnofCéoud service. In some
embodiments, the primary wireless device 210 pghbsactive communication session
from the direct connection to the relayed connechip establishing a connection with
a network based server through which packets #ratttive communication session
traverse. When the secondary wireless device 2&9rdmes that performance of the
local connection of the non-cellular wireless natkwvadoes not provide adequate
performance for the active communication sessiom secondary wireless device 220
can determine whether an alternate connectionggtimary wireless device 210 is
available, as indicated in block 514. For examffle, secondary wireless device 220
can determine if a WPAN connection 204 or a dirgoter-to-peer” WLAN
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connection 206 can be established between the dagowireless device 220 and the
primary wireless device 210. When no alternate eotion is available to relay the
active communication session, the secondary weetievice 220 can continue the
active communication session using the direct ccoimre When an alternate
connection is available, in block 516, the activammunication session can be
transferred from the direct connection that tert@saon the secondary wireless
device 220 to a relayed connection that terminatethe primary wireless device 210
and relays audio/video/data/messaging packetshorattive communication session
using the alternate connection. In some embodimantgreless connection manager
of the secondary wireless device 220 and/or a @gselconnection manager of the
primary wireless device 210 performs one or moitgas to realize the exemplary
method illustrated in FIG. 5A.

[0046] FIG. 5B illustrates a flowchart 550 of another epésmy method
performed by a connection manager for managing ections for an active
communication session of a wireless device, e.gecandary wireless device 220. In
block 552, the secondary wireless device 220 erggegan an active communication
session with a remote device 310 A or 310B usirgpranection via a non-cellular
wireless network, e.g., via a WLAN connection 266otgh a wireless AP 202 and
further via a backhaul connection 230. In some afithents, the connection for the
communication session terminates directly on tlemsgary wireless device 220. In
block 544, the secondary wireless device 220 detesnperformance of the non-
cellular wireless network. In some embodiments, dbeondary wireless device 220
determines performance of the non-cellular wirelestwork by determining
performance of a local connection of the seconaargless device 220 to the non-
cellular wireless network (e.g., via WLAN connecti@06) and/or of a backhaul
connection of the non-cellular wireless networlg(evia backhaul connection 230).
In block 556, the secondary wireless device 22Cerdahes whether a primary
wireless device 210 is in proximity to the secoydaireless device 220 and whether
the performance of the non-cellular wireless nekwisrsatisfactory (e.g., satisfies a
performance criterion) for the communication sassié/hen no primary wireless
device 210 is in proximity to the secondary wirsledevice 220, or when the
performance of the non-cellular wireless network satisfactory for the
communication session, the communication sessiom cantinue to use the

connection terminated on the secondary wirelessceeX20, as indicated in block
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560. When a primary wireless device 210 is in proti to the secondary wireless
device 220 and performance of the non-cellular kes® network is not satisfactory
for the communication session, as indicated in bI668, the secondary wireless
device 220 can provide an indication to the primaineless device 210 to cause the
primary wireless device 210 to transfer the commation session to terminate on the
primary wireless device 210 and to relay packeatsutph the primary wireless device
210 to and from the secondary wireless device 22Q,, to provide a relayed
connection with the secondary wireless device 2i20thve primary wireless device
210 for the communication session. In some embauisnghe secondary wireless
device 220 determines whether performance via a loannection, e.g., the WLAN
connection 206 via the wireless AP 202 used for ¢cbenmunication session, is
satisfactory (e.g., satisfies any combination of @an more physical layer metrics or
other relevant metrics). When the local connectian provide performance required
for the active communication session, the activaroanication session is transferred
from a direct connection that terminates on theoiséary wireless device 220 to a
relayed connection that terminates on the primaingless device 210, where the
primary wireless device 210 provides a relay ofkeés (e.g., audio, video, data,
messaging, etc.) to the secondary wireless deg€euging the local connection of
the non-cellular wireless network, e.g., via a WLANnnection 206 through the
wireless AP 202. In some embodiments, the seconddrgless device 220
determines proximity of the primary wireless devd® by scanning using a WPAN
radio access technology, e.g., Bluetooth (classicowv Energy) or Apple Wireless
Direct Link (AWDL). In some embodiments, the secarydwireless device 220
requests that the primary wireless device 210 feanthe active communication
session, by sending a request through an out-ad-lsagnaling path, e.g., via a
network-based server, such as provided as partnofCéooud service. In some
embodiments, the primary wireless device 210 ghksactive communication session
from the direct connection to the relayed conn@chip establishing a connection with
a network based server through which packets feratttive communication session
traverse. In some embodiments, when the secondagjess device 220 determines
that performance of the local connection of the-peltular wireless network does not
provide adequate performance for the active comeation session, the secondary
wireless device 220 can determine whether an alternonnection to the primary

wireless device 210 is available. For example si@ndary wireless device 220 can

28



10

15

20

25

30

determine if a WPAN connection 204 or a direct ‘fpeepeer” WLAN connection
206 can be established between the secondary sé&relevice 220 and the primary
wireless device 210. In some embodiments, wheritemate connection is available
to relay the active communication session, the regmy wireless device 220 can
continue the active communication session usinglitext connection terminated on
the secondary wireless device 220. In some embadinevhen an alternate
connection is available, the active communicatiess®n can be transferred from the
direct connection that terminates on the secondamgiess device 220 to a relayed
connection that terminates on the primary wirelessvice 210 and relays
audio/video/data/messaging packets for the actorencunication session using the
alternate connection. In some embodiments, a vgset®nnection manager of the
secondary wireless device 220 and/or a wirelessexdion manager of the primary
wireless device 210 performs one or more actionseatize the exemplary method
illustrated in FIG. 5B.

[0047] FIG. 6 illustrates a flowchart 600 of another exéanpmethod performed
by a connection manager for managing connectionsaffo active communication
session of a wireless device, e.g., a secondasless device 220. In block 602, the
secondary wireless device 220 engages in an areazdmmunication session with a
remote device 310 A/B using a direct connectionavizon-cellular wireless network,
e.g., via a WLAN connection 206 through a wireléd® 202 and further via a
backhaul connection 230. In block 604, the secondareless device 220 detects a
performance degradation of a local connection efribn-cellular wireless network,
e.g., the WLAN connection 206 to the wireless AR.20 block 606, the secondary
wireless device 220 determines whether a primargless device 210 is in proximity
to the secondary wireless device 220. When no pyimareless device 210 is in
proximity to the secondary wireless device 220,abive communication session can
continue to use the direct connection, as indicatetlock 610. When a primary
wireless device 210 is in proximity to the secondaireless device 220 and the local
connection performance is inadequate (as detecteblack 604), the secondary
wireless device 220 can determine whether an alternonnection to the primary
wireless device 210 is available, as indicated locl 608. For example, the
secondary wireless device 220 can determine if aAM/IBonnection 204 can be
established between the secondary wireless dedfeand the primary wireless

device 210. In some embodiments, the secondaryesge@levice 220 can evaluate the
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WPAN connection 204 as part of detecting proxinaifythe primary wireless device
210. When no alternate connection is availableetayr the active communication
session, the secondary wireless device 220 canncenthe active communication
session using the direct connection as indicatetlack 610. When an alternate
connection is available, in block 612, the activeanmunication session can be
transferred from the direct connection that tert@sat the secondary wireless device
220 to a relayed connection that terminates atptiraary wireless device 210 and
relays audio/video/data/messaging packets fort¢tieeacommunication session using
the alternate connection. In some embodimentsyeless connection manager of the
secondary wireless device 220 and/or a wirelessaxion manager of the primary
wireless device 210 performs one or more actionse&tize the exemplary method
illustrated in FIG. 6.

[0048] FIG. 7 illustrates a flowchart 700 of a further ewdary method
performed by a connection manager for managing ecions for an active
communication session of a wireless device, e.gecandary wireless device 220. In
block 702, the secondary wireless device 220 ersgyag@n active communication
session with a remote device 310 A/B using a relayennection through a primary
wireless device 210. The relayed connection, inesembodiments, can be realized at
least in part using a WPAN connection 204 direttffween the primary wireless
device 210 and the secondary wireless device 220oarmndirectly via a WLAN
connection 206 through a wireless AP 202 to whiath lthe primary wireless device
210 and the secondary wireless device 220 are ctethdn block 704, the secondary
wireless device 220 detects availability of a netiutar wireless network through
which a direct connection can be used for the actdmmunication session. In some
embodiments, the non-cellular wireless network icaiude at least in part a WLAN
network, such as provided by for the relayed cotnioecin block 706, the secondary
wireless device 220, alone or in conjunction wita primary wireless device 210, can
determine whether performance via a local conneatibthe non-cellular wireless
network and a backhaul connection of the non-callulireless network can provide
adequate performance for the active communicatssisn. In some embodiments,
the secondary wireless device 220 can accounttyipe of active communication
session ongoing when evaluating the performancethef non-cellular wireless
network. When the performance of the local conoectind the backhaul connection

of the non-cellular wireless network meets requiata for the active communication
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session, the active communication session can éesferred from a relayed
connection via the primary wireless device 210 thract connection to the secondary
wireless device 220. In some embodiments, the pyimdreless device 210 pushes
the active communication session to the secondargless device 220, e.g., Iin
conjunction with communication with one or moreweatk-based servers, such as an
IMS network element and/or an iCloud server. In s@mbodiments, the secondary
wireless device 220 pulls the active communicasession over from the primary
wireless device 210. When performance of the lecaihection and/or the backhaul
connection cannot meet performance requirementsthferactive communication
session, in block 610, the active communicationsisescan continue using the
relayed connection through the primary wirelessiae210. In some embodiments,
the secondary wireless device 220 can re-evaluat®rmance of the non-cellular
wireless network periodically or on demand (e.@sdal on user input) to determine
whether performance warrants transferring the actommunication session from the
relayed connection to a direct connection. Simjladfter transfer of an active
communication session, the secondary wireless €e20 and/or the primary
wireless device 210 can continue to monitor pertoroe characteristics, such as
physical layer attributes of local connections an@fpplication metrics for end-to-end
links, to determine whether to transfer the acteenmunication session between a
relayed connection and a direct connection.

Representative Exemplary Apparatus

[0049] FIG. 8 illustrates in block diagram format an exésmp computing device
800 that can be used to implement the various coems and techniques described
herein, according to some embodiments. In padicuhe detailed view of the
exemplary computing device 800 illustrates varioosponents that can be included
in the wireless device 102 illustrated in FIG. As shown in FIG. 8, the computing
device 800 can include a processor 802 that repi®semicroprocessor or controller
for controlling the overall operation of computidgvice 800. The computing device
800 can also include a user input device 808 thatva a user of the computing
device 800 to interact with the computing devic®.80-or example, the user input
device 808 can take a variety of forms, such asttoi, keypad, dial, touch screen,
audio input interface, visual/image capture inpieiface, input in the form of sensor
data, etc. Still further, the computing device &aM include a display 810 (screen

display) that can be controlled by the process@r t®0display information to the user
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(for example, information relating to incoming, going, or active communication
session). A data bus 816 can facilitate data tearnetween at least a storage device
840, the processor 802, and a controller 813. ddwroller 813 can be used to
interface with and control different equipment thgh an equipment control bus 814.
The computing device 800 can also include a netfbaskinterface 811 that couples
to a data link 812. In the case of a wireless eatian, the network/bus interface 811
can include wireless circuitry, such as a wirelésmsceiver and/or baseband
processor.

[0050] The computing device 800 also includes a storageelé40, which can
comprise a single storage or a plurality of stosa@eg., hard drives), and includes a
storage management module that manages one orpadrgons within the storage
device 840. In some embodiments, storage devifecd# include flash memory,
semiconductor (solid state) memory or the like.e Tmputing device 800 can also
include a Random Access Memory (“RAM”) 820 and aa@®©nly Memory
("ROM”) 822. The ROM 822 can store programs, tii8 or processes to be
executed in a non-volatile manner. The RAM 820 peovide volatile data storage,
and stores instructions related to the operatich@tomputing device 800.

[0051] FIG. 9 illustrates a block diagram of an examplpaaptus 900 that can be
implemented in a wireless device 102, e.g., a pyméreless device 210 and/or a
secondary wireless device 220 and/or to realizkast in part, a wireless connection
management mechanism, in accordance with some eméos. It will be
appreciated that the components, devices or elenikrdtrated in and described with
respect to FIG. 9 may not be mandatory and thusesmay be omitted in certain
embodiments. Additionally, some embodiments cacluge further or different
components, devices or elements beyond thoserdtest in and described with
respect to FIG. 9. Further, it will be appreciatkdt, in some embodiments, one or
more components of the apparatus 900 can be disgdbacross a plurality of
computing devices that can collectively provide thectionality for wireless
connection management.

[0052] In some example embodiments, the apparatus 90ihchrle processing
circuitry 910 that is configurable to perform actsoin accordance with one or more
example embodiments disclosed herein. In thisrdgghe processing circuitry 910
can be configured to perform and/or control perfamge of one or more

functionalities of the apparatus 900 in accordamitle various embodiments, and thus
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can provide means for performing functionalitiestué apparatus 900 in accordance
with various embodiments. The processing circu@y0 can be configured to
perform data processing, application execution @nddther processing and
management services according to one or more emieods.

[0053] In some embodiments, the apparatus 900 or a p¢sji@an component(s)
thereof, such as the processing circuitry 910, inalude one or more chipsets, each
of which can include one or more chips. The prsicgscircuitry 910 and/or one or
more further components of the apparatus 900 carefttre, in some instances, be
configured to implement an embodiment on a chipsetprising one or more chips.
In some example embodiments in which one or mormpoments of the apparatus
900 are embodied as a chipset, the chipset camapmble of enabling a computing
device(s) to operate wireless device in accordamite embodiments as disclosed
herein.

[0054] In some example embodiments, the processing aiyc@dO can include a
processor 912 and, in some embodiments, such &dlitisrated in FIG. 9, can
further include memory 914 (or another non-tramgitgtorage medium). The
processing circuitry 910 can be in communicatiothvair otherwise control wireless
circuitry 916 and/or a wireless connection managemedule 918.

[0055] The processor 912 can be embodied in a varietprofd. For example,
the processor 912 can be embodied as various gingdsardware-based means such
as a microprocessor, a coprocessor, a controllevaoious other computing or
processing devices including integrated circuitehsas, for example, an ASIC
(application specific integrated circuit), an FP@#eld programmable gate array),
some combination thereof, or the like. Althoudhstrated as a single processor, it
will be appreciated that the processor 912 carudela plurality of processors. The
plurality of processors can be in operative commation with each other and can be
collectively configured to perform one or more ftianalities of the apparatus 900 as
described herein. In embodiments including a filyraf processors, the plurality of
processors can be implemented on a single compdgrge, or can be distributed
across a plurality of computing devices that cdiectively provide functionality of a
wireless device, such as the primary wireless @\d&0 and/or the secondary
wireless device 220. In some example embodimehts,processor 912 can be
configured to execute instructions that can beestan the memory 914 or that can be

otherwise accessible to the processor 912. As, suoither configured by hardware

33



10

15

20

25

30

or by a combination of hardware and software, ttozgssor 912 can be capable of
performing operations according to various embodise while configured
accordingly.

[0056] In some embodiments, the memory 914 can includecomeore memory
devices. The memory 914 can include fixed andé¢anavable memory devices. In
some embodiments, the memory 914 can provide araos#ory computer-readable
storage medium that can store computer programuigins that can be executed by
the processor 912. In this regard, the memory &4d be configured to store
information, data, applications, instructions amdfe like for enabling the apparatus
900 to carry out various functions in accordancthwne or more embodiments. In
embodiments including a plurality of memory devicéise plurality of memory
devices can be implemented on a single computingceleor can be distributed
across a plurality of computing devices that cdiectively provide functionality of a
wireless device. In some embodiments, the memady &n be in communication
with one or more of the processor 912, wirelessudiry 916, or wireless connection
management module 918 via one or more busses &singainformation among
components of the apparatus 900.

[0057] The apparatus 900 can further include wirelessiitigc916. The wireless
circuitry 916 can include one or more interface hausms for enabling
communication with other devices and/or networksor example, the wireless
circuitry 916 can be configured to enable the agiomr900 to communicate over one
or more networks, such as the WWAN 108, the WLAN,18nd/or the WPAN 104.
The apparatus 900 can include multiple sets ofl@ssecircuitry 916, which can each
provide communication in accordance with a wireleeexmunication protocol. In
various embodiments, the wireless circuitry 916 icatude, for example, an antenna
(or multiple antennas) and supporting hardware andbftware for enabling
communications with one or more wireless commuroocanetworks, such as a
cellular network. In some embodiments, the wirelgssuitry 616 can be referred to
as a communication interface(s) and include a coatlmn of requisite hardware,
software, or firmware to provide wireless commutiaas in accordance with one or
more wireless communication protocols, such as &MWrotocol, an IEEE 802.11
wireless communication protocol, a cellular wirglesommunication protocol, a
WLAN protocol, a WPAN protocol, e.g., such as Baah or Apple Wireless Direct
Link (AWDL).
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[0058] The apparatus 900 can further include a wirelessi@ction management
module 918. The wireless connection management ladli8 can be embodied as
various means, such as circuitry, hardware, a ctengrogram product comprising
computer readable program instructions stored paratransitory computer readable
medium (for example, the memory 914) and executea Iprocessing device (for
example, the processor 912), or some combinatieredi. In some embodiments, the
processor 912 (or the processing circuitry 910) ioafude, or otherwise control the
wireless connection management module 918. Theless connection management
module 918 can be configured to support managerokrtansitions of between
various wireless connections, e.g., direct cononastiand/or relayed connections in
support of one or more example embodiments.

Representative Embodiments

[0059] In an embodiment, a method for managing connectionsan active
communication session by a secondary wireless deincludes the secondary
wireless device: (i) engaging in a communicatiossg® with a remote device via a
non-cellular wireless network, where the commumecasession direction terminates
on the secondary wireless device, (ii) determinpegformance of the non-cellular
wireless network, (iii) and when the performancehaf non-cellular wireless network
does not satisfy a performance criterion and a gmymwvireless device is in proximity
to the secondary wireless device, providing ancaiibn to the primary wireless
device to cause the primary wireless device tostearthe communication session to
terminate on the primary wireless device, whereket for the communication
session are relayed via the primary wireless dewi@nd from the secondary wireless
device.

[0060] In some embodiments, determining performance of loa-cellular
wireless network includes determining performanéeone or more of. a local
connection of the secondary wireless device tathrecellular wireless network, or a
backhaul connection of the non-cellular wirelessveek. In some embodiments, the
packets for the communication session are relayeshd from the secondary wireless
device using the local connection of the non-catlulvireless network when
performance of the local connection satisfies tlefggmance criterion for the
communication session. In some embodiments, th&epador the communication
session are relayed to and from the secondary essetlevice using an alternate

connection between the primary wireless device tlledsecondary wireless device
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when performance of the local connection does ats$fy the performance criterion
for the communication session. In some embodimémesmethod further includes the
secondary wireless device determining whether thwagoy wireless device is in
proximity to the secondary wireless device. In soemebodiments, the secondary
wireless device determines proximity of the primaryeless device by scanning in
accordance with a wireless personal area netwofRAM) communication protocol.
In some embodiments, the primary wireless devicmiteates the communication
session with the remote device via a wireless ai@a network connection. In some
embodiments, the secondary wireless device evalymegormance of the backhaul
connection using any combination of one or mordiegion layer metrics. In some
embodiments, the secondary wireless device evalupggformance of the local
connection using any combination of one or morespa layer metrics. In some
embodiments, in response to the indication from dbeondary wireless device to
cause the primary wireless device to transfer tmarnsunication session, the primary
wireless device establishes a connection to a mkthased server associated with the
communication session to transfer packets for tbengunication session from
terminating at the secondary wireless device tmiteating at the primary wireless
device. In some embodiments, the secondary wirelegge determines performance
of the backhaul connection or of the local conmectising information obtained from
one or more associated wireless devices.

[0061] In an embodiment, a method for managing connectionsan active
communication session by a secondary wireless deincludes the secondary
wireless device: (i) engaging in a communicatiossg® with a remote device via a
non-cellular wireless network, wherein the commanan session directly terminates
on the secondary wireless device, (ii) determinpegformance of the non-cellular
wireless network, and (iii) when the performancehaf non-cellular wireless network
does not satisfy a performance criterion and a gmymwvireless device is in proximity
to the secondary wireless device: displaying amapb transfer the communication
session to terminate on the primary wireless dewvaoel in response to an input to
transfer the communication session, providing alication to the primary wireless
device to cause the primary wireless device tosfeanthe communication session,
where packets for the communication session aeeyedl via the primary wireless

device to and from the secondary wireless device.
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[0062] In some embodiments, the method further includessttondary wireless
device determining whether the primary wireless ickevis in proximity to the
secondary wireless device. In some embodiments,séwendary wireless device
determines proximity of the primary wireless devigescanning in accordance with a
wireless personal area network (WPAN) communicatiprotocol. In some
embodiments, the method further includes the seargndireless device receiving
from the primary wireless device an indication afdio access technology available
for connection via the primary wireless device.sbbme embodiments, the method
further includes the secondary wireless deviceuatalg whether performance of the
radio access technology available for connectiam thie primary wireless device
satisfies the performance criterion for the comroation session. In some
embodiments, determining performance of the nohHdeglwireless network includes
determining performance of one or more of. a lowahnection of the secondary
wireless device to the non-cellular wireless nekyor a backhaul connection of the
non-cellular wireless network. In some embodimentse packets for the
communication session are relayed to and from dlecerslary wireless device using
the local connection of the non-cellular wirelesgwork when performance of the
local connection satisfies the performance critefm the communication session. In
some embodiments, the packets for the communica@ssion are relayed to and
from the secondary wireless device using an alteroannection between the primary
wireless device and the secondary wireless devigcenwperformance of the local
connection does not satisfy the performance coitefor the communication session.
[0063] In an embodiment, a secondary wireless device d@esluprocessing
circuitry including a processor and a memory swiirstructions that, when executed
by the processor, cause the secondary wirelessaltviperform a method including:
() engaging in a communication session with a remievice via a non-cellular
wireless network, wherein the communication sesgioectly terminates on the
secondary wireless device, (ii) determining perfance of the non-cellular wireless
network, and (iii) when the performance of the metlular wireless network does not
satisfy a performance criterion and a primary veissl device is in proximity to the
secondary wireless device, providing an indicatmithe primary wireless device to
cause the primary wireless device to transfer tmarnsunication session to terminate
on the primary wireless device, where packets figr communication session are

relayed via the primary wireless device to and ftbmsecondary wireless device.
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[0064] In some embodiments, execution of the instructibmgher causes the
secondary wireless device to determine whetherptiteary wireless device is in
proximity to the secondary wireless device. In soemebodiments, the secondary
wireless device determines proximity of the primaryeless device by scanning in
accordance with a wireless personal area netwofRAM) communication protocol.
In some embodiments, execution of the instructibtmgher causes the secondary
wireless device to receive from the primary wirslegvice an indication of a radio
access technology available for connection viapttmary wireless device. In some
embodiments, execution of the instructions furtbauses the secondary wireless
device evaluate whether performance of the radeess technology available for
connection via the primary wireless device satssfiee performance criterion for the
communication session. In some embodiments, th@ngacy wireless device
determines performance of the non-cellular wirelestsvork by at least determining
performance of one or more of: a local connectibthe secondary wireless device to
the non-cellular wireless network, or a backhauhnextion of the non-cellular
wireless network. In some embodiments, the padiketthe communication session
are relayed to and from the secondary wirelesscdewsing the local connection of
the non-cellular wireless network when performaotéhe local connection satisfies
the performance criterion for the communicationsg®s In some embodiments, the
packets for the communication session are relayead from the secondary wireless
device using an alternate connection between theapy wireless device and the
secondary wireless device when performance ofdbal lconnection does not satisfy
the performance criterion for the communicatiorsges

[0065] The various aspects, embodiments, implementationfeatures of the
described embodiments can be used separately anyncombination. Various
aspects of the described embodiments can be imptechéy software, hardware or a
combination of hardware and software. The desdrieenbodiments can also be
embodied as computer readable code on a compuaigabke medium. The computer
readable medium is any data storage device thastoa@ data which can thereafter be
read by a computer system. Examples of the compatalable medium include
read-only memory, random-access memory, CD-ROMsD&\Wmagnetic tape, hard
storage drives, solid state drives, and opticah ddbrage devices. The computer
readable medium can also be distributed over né&keoupled computer systems so

that the computer readable code is stored and &coua distributed fashion.
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[0066] The foregoing description, for purposes of explamat used specific

nomenclature to provide a thorough understandinghefdescribed embodiments.
However, it will be apparent to one skilled in thet that the specific details are not
required in order to practice the described embedisn Thus, the foregoing
descriptions of specific embodiments are presefaegurposes of illustration and
description. They are not intended to be exhaesty to limit the described

embodiments to the precise forms disclosed. Ik vl apparent to one of ordinary
skill in the art that many modifications and vapat are possible in view of the

above teachings.
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CLAIMS

1. A method for managing connections for an aatm@munication session by a
secondary wireless device, the method comprising:

by the secondary wireless device:

engaging in a communication session with a rerdetéce via a non-cellular
wireless network, wherein the communication sesdimctly terminates on the
secondary wireless device;

determining performance of the non-cellular wissl@etwork; and

when the performance of the non-cellular wirelesisvork does not satisfy a
performance criterion and a primary wireless deigda proximity to the secondary
wireless device, providing an indication to thenmary wireless device to cause the
primary wireless device to transfer the communarasession to terminate on the
primary wireless device, wherein packets for the@ewnication session are relayed
via the primary wireless device to and from theoselary wireless device.

2. The method of claim 1, wherein determining pemiance of the non-cellular
wireless network comprises determining performaosfaane or more of:

a local connection of the secondary wireless aetoche non-cellular
wireless network, or

a backhaul connection of the non-cellular wirelestsvork.

3. The method of claim 2, wherein the packetstierdcommunication session are
relayed to and from the secondary wireless dewsaaguthe local connection of the
non-cellular wireless network when performancehefibcal connection satisfies the

performance criterion for the communication session

4, The method of claim 2, wherein the packetstierdommunication session are
relayed to and from the secondary wireless dewsagguan alternate connection
between the primary wireless device and the secgndeeless device when
performance of the local connection does not satisf performance criterion for the

communication session.
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5. The method of claim 1, further comprising thess®lary wireless device
determining whether the primary wireless devica igroximity to the secondary

wireless device.

6. The method of claim 5, wherein the secondarghess device determines
proximity of the primary wireless device by scargnin accordance with a wireless

personal area network (WPAN) communication protocol

7. The method of claim 1, wherein the primary vees device terminates the
communication session with the remote device vidraless wide area network

connection.

8. The method of claim 2, wherein the secondarghess device evaluates
performance of the backhaul connection using amybioation of one or more

application layer metrics.

9. The method of claim 2, wherein the secondarghess device evaluates
performance of the local connection using any cowatiton of one or more physical

layer metrics.

10. The method of claim 1, wherein in responsééardication from the
secondary wireless device to cause the primaryegisedevice to transfer the
communication session, the primary wireless deggtablishes a connection to a
network based server associated with the commumicaéssion to transfer packets
for the communication session from terminatinghatsecondary wireless device to

terminating at the primary wireless device.

11.  The method of claim 1, wherein the secondargless device determines
performance of the backhaul connection or of tlvallconnection using information

obtained from one or more associated wireless dsvic

12. A method for managing connections for an aatm@munication session by a
secondary wireless device, the method comprising:
by the secondary wireless device:
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engaging in a communication session with a rerdetce via a non-cellular
wireless network, wherein the communication sesdigattly terminates on the
secondary wireless device;

determining performance of the non-cellular wissl@etwork; and

when the performance of the non-cellular wirelesisvork does not satisfy a
performance criterion and a primary wireless deigda proximity to the secondary
wireless device:

displaying an option to transfer the communicagesasion to terminate on the
primary wireless device; and

in response to an input to transfer the commuicicaession, providing an
indication to the primary wireless device to catieeprimary wireless device to
transfer the communication session, wherein padkethe communication session

are relayed via the primary wireless device to fanoh the secondary wireless device.

13. The method of claim 12, further comprising $keondary wireless device
determining whether the primary wireless devica igroximity to the secondary

wireless device.

14. The method of claim 13, wherein the secondargl@ss device determines
proximity of the primary wireless device by scargnin accordance with a wireless

personal area network (WPAN) communication protocol

15. The method of claim 12, further comprising $keondary wireless device
receiving from the primary wireless device an iadicn of a radio access technology

available for connection via the primary wirelesvide.

16. The method of claim 15, further comprising $keondary wireless device
evaluating whether performance of the radio actsdmology available for
connection via the primary wireless device satssfiee performance criterion for the

communication session.

17. The method of claim 12, wherein determininggrenance of the non-cellular

wireless network comprises determining performasfaane or more of:
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a local connection of the secondary wireless aetocdhe non-cellular
wireless network, or

a backhaul connection of the non-cellular wirelessvork.

18.  The method of claim 17, wherein the packetsHfercommunication session
are relayed to and from the secondary wirelesscdawsing the local connection of
the non-cellular wireless network when performaoicihe local connection satisfies

the performance criterion for the communicatiorsges

19.  The method of claim 17, wherein the packetsHfercommunication session
are relayed to and from the secondary wirelesscdawsing an alternate connection
between the primary wireless device and the secgndeeless device when
performance of the local connection does not satisf performance criterion for the

communication session.

20. A secondary wireless device comprising:

processing circuitry comprising a processor anteanory storing instructions
that, when executed by the processor, cause thaday wireless device to perform
a method including:

engaging in a communication session with a rerdetéce via a non-cellular
wireless network, wherein the communication sesdigattly terminates on the
secondary wireless device;

determining performance of the non-cellular wissl@etwork; and

when the performance of the non-cellular wirelesisvork does not satisfy a
performance criterion and a primary wireless deigda proximity to the secondary
wireless device, providing an indication to thenmary wireless device to cause the
primary wireless device to transfer the communaragession to terminate on the
primary wireless device, wherein packets for th@ewnication session are relayed

via the primary wireless device to and from theoselary wireless device.
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