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based on the fused information, an action to be performed by the first client device over a second

radio access technology to provide the assistance. The assistance may be a control function

and/or an assistance service. The CGW may send an instruction, using the common protocol, to

the first client device to perform the action. For example, the first client device may be
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100081 Figure 2 illustrates an exenplary CGWin conmmuni cation with
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net wor ks and external networks; 100101 Figure 4 illustrates an exenplary
attachnent procedure; 100111 Figure 5 illustrates an exenplary coordi nation
of a direct link setup; 100121 Figure 6 illustrates an exenplary frequency
band change; 100131 Figure 7 illustrates an exenplary system operation
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given by way of example in conjunction with the accompanying drawings wherein:

[0007] Figure 1 illustrates a typical home network environment;

[0008] Figure 2 illustrates an exemplary CGW in communication with capillary
networks and external networks;

[0009] Figure 3 illustrates an exemplary centralized gateway connected to a plurality of
capillary networks and external networks;

[0010] Figure 4 illustrates an exemplary attachment procedure;

[0011] Figure 5 illustrates an exemplary coordination of a direct link setup;

[0012] Figure 6 illustrates an exemplary frequency band change;

[0013] Figure 7 illustrates an exemplary system operation diagram;

[0014] Figure 8 illustrates an exemplary client protocol stack;

[0015] Figure 9 illustrates an exemplary mapping of network assistance;

[0016] Figure 10 illustrates an exemplary wireless communication system;

[0017] Figure 11 provides a further detailed view of the exemplary wireless

communication system of Figure 10;



100231 Wrel ess Local Area Network (W.AN) Access Points (APs) may provide
data connectivity between PCs, |aptops, and other networked devices (e.g.,
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t hr oughput point-to-point |inks nay be used. A typical use case for such
hi ghspeed links is for video distribution cable replacenent (e.g., Set Top
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[0021] Figures 1-12 may relate to exemplary embodiments in which the disclosed
systems, methods and instrumentalities may be implemented. However, while the present
invention may be described in connection with exemplary embodiments, it is not limited thereto
and it is to be understood that other embodiments may be used or modifications and additions
may be made to the described embodiments for performing the same function of the present
invention without deviating therefrom.

[0022] Figure 1 illustrates a typical home network environment 100 with a sampling of
these technologies. Access to content (e.g., web and video) may be provided via a broadband
modem through the home owner's internet protocol (IP) backhaul connection(s) (e.g., digital
subscriber line (DSL), cable, fiber to the home (FTTH), satellite, etc.). Mobile services (e.g.,
voice and data) are provided through the cellular network, e.g., either via a macro cell (where
coverage permits), or via a femtocell. The femtocell may use the homeowner's IP backhaul to
connect to the cellular network.

[0023] Wireless Local Area Network (WLAN) Access Points (APs) may provide data
connectivity between PCs, laptops, and other networked devices (e.g., printers and faxes) using
WIFI technology. Bluetooth links may be used for point- to-point technology (e.g., between
cameras and PCs, between keyboards/mice and PCs, between mobile phones and wireless
headsets). High throughput point-to-point links may be used. A typical use case for such high-
speed links is for video distribution cable replacement (e.g., Set Top Box (STB) to high
definition television (HDTV)). Wireless sensor networks, e.g., for monitoring of heating,
ventilating and air conditioning (HVAC) systems, lighting systems, may be used.

[0024] Table 1 lists some features of each of radio access technologies. Table 1 is a
high level comparison of the specific technologies in terms of four major criteria (range, peak

throughput, channel bandwidth, and operating band). The channel bandwidth in Table 1 denotes



Oper ational Frequency bands WFI | EEE 802.11 Famly < 100 m 802.11a - 54
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the spectrum occupied by a typical transmission. The specific details for each of the technologies

may be found in the relevant applicable standards.

TABLE 1
[Technology [Relevant |Typical [Throughput [Device Network  [Channel iOperational
Standards |[Range Peak Requirements [Formation/ [Bandwidth [Frequency bands
(most [Data Rates) Device
typical) Discovery
WIFI IEEE <100m [802.11a— 54 [Portability & [Manual 22 MHz Unlicensed bands:
R02.11 IMbps mobility selection of 202,11 5 GH
Family 002,11 —11 expected frequency 1la—5 GHz
Mbps channel in 802.11b/g — 2.4
band. KGHz
802.11¢g- 54 i
Mbps [Access Point 802.11ln —24 &5
broadcast IGHz
802.11n — 600 periodic
IMbps beacon
frames
to allow
device
ZigBee [Maintained |70-300m [2.4 GHzband |Low cost, [nitial > MHz Unlicensed bands:
by the —250 kbps low power Channel 568 MHz in
71gBee consumption, [scan by Europe
Alliance. P15 MHz band- short range coordinator urope,
10 . 915 MHz in the
Based on bit/s Mobility device USA
[EEE band not Device land Australia, and
lg\f[)iésaid %8 MHz ban: expected discovery by 2.4 GHz worldwide
PHY DO Kbit/s peacon
search
or probe
request/resp
o
nse
Bluetooth [Maintained |<10m [V1.2-1 Mbps |Low power [nitial 1 MHz Unlicensed bands:
by V2.0EDR -3  |consumption, [pairing
Bluetooth IMbps short range, requires 3.0 HS 2.4 GHz band
SIG 3.0 HS -24 Mobility not  |some requires a
IMbps Expected manual bandwidth of
intervention. 22 MHz
[Procedure
can
be long.




22 MHz Unlicensed bands: 802.11a - 5 GHz 802.11b/g - 2.4 GHz 802.11n-2.4 &
5 GHz Zi gBee Maintained by the ZigBee Alliance, Based on | EEE 802. 15.4 MAC
and PHY A0200msz274 GHz band - 250 kbps 915 MHz band- 40Pkbiusc&118883MVHz band
20 kbit/s Low cost, |ow power consunption, short range

Wireless | Maintaine | < 10 m | As high as 25 High power Initial 1.76 GHz | Unlicensed bands:
HD d Gbps allowed Channel
by the scan by 60 GHz band
Wireless coordinator (1affo’e
HD device available spectrum
consortiu -
m Probe 7 GHz)
request/resp
onse
mechanism
for
device
discovery
Cellular 3GPP "Cellular| R8 WCDMA-42 | Mobility -- WCDMA:5 | Licensed bands
WCDMA (" Mbps DL & 11 | permitted MHz each
& Mbps for e.g. Cellular, PCS
LTE UL UL and DL | (1900 MHz), IMT
(2100 MHz), 700
R&LTE - 150 LTE: 1.4 - |MHz,..
Mbps 20
DL & 73Mbps MHz each
UL for
UL and DL
Ethernet Wired Technology (likely based on
IEEE 802.3)

[0025] The following observations may be made about in-home technologies,
including: 1) the range of a device may depend greatly on the specific technology; 2) some
technologies using unlicensed spectrum operate in the 2.4 GHz band; 3) higher data throughputs
may rely on the use of the 5GHz band and the 60 GHz band (the latter may be useful for the
transmission of video traffic); 4) some technologies may require manual intervention prior to
network formation (e.g., channel selection for WIFI networks); and 5) for most technologies,
device discovery may be allowed either through periodic beacons or probe/request mechanisms.

[0026] A number of interferers may exist in a typical home including: cordless phones
(which may have 5- 10 MHz bandwidth), baby monitors, microwave ovens (some older devices
emit a dirty signal over the entire 2.4 GHz band), wireless video cameras, game controllers and
fluorescent lights, to name a few. Each of the technologies in a home or office may be a closed
network. There may be no coordination between the network technologies. They may rely on
their own procedures for network formation, network discovery, service discovery, and
interference management. This may result in inefficiencies.

[0027] A "wireless transmit/receive unit (WTRU)" may include any electronic device
that is capable of transmitting and/or receiving data via one or more wireless interfaces. The term
WTRU may include but is not limited to a user equipment (UE), a mobile station, a fixed or

mobile subscriber unit, a pager, a cellular telephone, a personal digital assistant (PDA), a
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computer, or any other type of device capable of operating in a wireless environment. A "MTC
WTRU" or a "M2M WTRU" is a WTRU capable of communicating using MTC/M2M
technology. When referred to hereafter, the terminology "base station" may include but is not
limited to a Node-B, a site controller, an access point (AP), or any other type of interfacing
device capable of operating in a wireless environment. When referred to hereafter, the term
"network node" may include a logical or physical entity that implements functionality in a core
network or radio access network (RAN), such as but not limited to a base station, gateway,
access server, or any other entity.

[0028] Various home/office network technologies may be referred to as capillary
networks. Assistance may be provided to a capillary network, which may improve performance
within the capillary network. A centralized gateway (CGW) is disclosed that may facilitate such
assistance, e.g., via client devices in capillary networks. The CGW may be referred to as a
converged gateway, centralized entity, central entity etc. A client device may be referred to as a
client.

[0029] Figure 2 illustrates an exemplary CGW 210, which may be in communication
with capillary networks 220 and external networks 230. CGW 210 may provide access to
external networks 230 (e.g., cellular, Internet, etc.). CGW 210 may communicate with capillary
networks 220 over a common interface, such as the logical “A” interface 215 that provides
signaling support for a set of control procedures that are managed by a "common logical A
protocol.” CGW 210 may collect information from capillary networks 220 and/or external
networks230 and fuse the information. CGW 210 may use the fused information in providing
assistance to capillary networks 220 and their devices. The assistance may include, or may be
referred to, as one or more of the following without limitation: assistance, assistant service(s),
network control, coordination, routing, measurements, service, etc. The assistance may include
controlling one capillary network to assist another capillary network.

[0030] At least one device in a capillary network may be capable of communicating
over the logical A interface. A CGW may provide assistance to capillary networks through, for
example: 1) coordination of spectrum usage (interference management); 2) node discovery
assistance; 3) inter capillary network communication; 4) intra capillary network communication;
5) assisted service discovery (e.g., broadcast of ongoing sessions for peer gaming); 6) assisted
load management; 7) set-up of opportunistic assistance through mobile devices; 8) assisted
location mapping, etc.

[0031] Assistant services refer to services that may rely on fused and/or raw data stored

in the centralized gateway (CGW) to assist and coordinate capillary networks. Assistant services
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may reside in both the CGW and in attached devices. Assistant services may rely on common
logical A protocol procedures for communication between the CGW and attached devices.

[0032] A CGW may provide assistance and coordination among different capillary
networks based on fused and raw information from the capillary networks and the external
networks. The CGW may run a common logical A protocol and communicate with client devices
within the capillary networks using a logical A interface. Furthermore, the CGW may run the
assistant services that make use of the fused and raw data.

[0033] Capillary networks (CNs) may refer to networks managed either directly or
indirectly by the CGW. Capillary networks may include ZigBee networks, WIFI networks,
Bluetooth networks, direct links, infrastructure networks, etc. An attached device (AD) may refer
to a device that has attached or made its presence known to the CGW. An AD may be
synchronized with the CGW, and may receive transmitted control information. An AD may
provide a capability indication to the CGW.

[0034] A physical location may refer to a location of a device in physical space (e.g., X,
Y, Z coordinates, a room, etc.). A radio location may refer to a location of the device with
respect to the ability to communicate, e.g., with the CGW. A coverage zone may refer to the
cover of the CGW. The coverage zone may apply in an office environment, a commercial
environment, etc.

[0035] Figure 3 illustrates an exemplary centralized gateway, CGW 310, connected to a
plurality of capillary networks (capillary network A 320, capillary network B 322 and capillary
network C 324) and external networks 330. Information may be collected from the capillary
networks and external networks 330 and fused in CGW 310. CGW 310 may use the fused
information to 1) provide assistance services and network control to one of the capillary
networks to which the central entity is connected (e.g., radio frequency (RF) measurements and
characteristics, such as location information from capillary network A 320, may be collected and
fused in the central entity to assist capillary network B 322); 2) control one of the capillary
networks in assisting another capillary network (e.g., location and device capability of capillary
network A 320 and capillary network B 322 may be collected and fused in the central entity
where the CGW may control a device in capillary network A 320 to assist capillary network B
322), etc.

[0036] Information collection from the capillary networks, as well as signaling to carry
control or assistance information to the plurality of capillary networks, may be enabled by a
common logical interface, which may be referred to as the logical A interface or common logical

A interface. This interface may link the common logical A protocol, which may reside in CGW
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310 and the client devices in the capillary networks. In CGW 310, the common logical A
protocol may be a common upper layer 311 to multiple radio access technologies (RATs) (X, Y,
and Z) and may allow communication with a plurality of capillary networks. The logical A
interface may require modification of the MAC and PHY layer of the RATs that support the
logical A interface.

[0037] A CGW may provide assistance and coordination to capillary networks, as well
as the capability for inter-capillary network routing. A CGW may provide communications to
external networks (e.g., cellular, Internet, etc.) through, for example, a wireless cellular interface,
a residential IP connection (e.g., through DSL, cable, FTTH), a satellite connection, etc. A CGW
may be an evolved Wireless LAN access point, an evolved H(e)NB, a converged device which
has both functionalities (and possibly other functionalities), etc. Mobile phones may behave as
CGWs, e.g., where they have the multi RAT capability.

[0038] It may be necessary for each device in the capillary networks to communicate
through a physical link with the CGW. Devices that do communicate with the CGW, may
associate with the CGW and may be referred to as attached devices (ADs). Communication may
be through the logical A interface, that may provide synchronization, control, a data plane
functionality, etc. The control information may provide signaling between capillary network
devices and the CGW to enable CGW managed assistance and coordination.

[0039] These functions may be achieved through dedicated channels, that may be a
separate channel for each AD, or through shared channels, for instance using carrier sense
multiple access/collision avoidance (CSMA/CA). Synchronization may provide the capillary
network devices with reference timing, an indication of where to find the control information,
etc. The control information may provide signaling between a capillary network device and the
CGW, to enable CGW managed assistance and coordination.

[0040] The logical A interface may be implemented using an air interface, which may
be optimized for the specific application and conditions (e.g., home, office, industrial, etc.). It
may also be implemented by a logical A protocol, which may be a common layer sitting on top
of multiple existing RATs. The logical A interface may be based on any other technology. For
instance, if the CGW has H(e)NB functionality and WIFI, the logical A protocol may reside on
top of the Uu interface (evolved H(e)NB interface) and a 802.11 interface.

[0041] ADs may possess at least one RAT that may be capable of communicating with
the CGW. They may possess a common logical A protocol, which may sit on top of supported
RATs, that manages logical A interface procedures. Client versions of assistant services may

also be present in the ADs.
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[0042] The CGW and the client device may use a common protocol, such as the logical
A protocol, to collect and format information from capillary networks over multiple RATs. This
may enable standard based collection across multiple RATs. For example, measurements
collected over RAT X for a given client, using an existing standard based approach, may be
transmitted over a format common to each RATs. The common logical A protocol may allow
decisions based on fused data from multiple capillary networks to be sent to clients of a specific
RAT and may enable new procedures for multi-RAT clients.

[0043] When a device wants to join the network and communicate with the CGW to
take advantage of the services it offers and is capable of multiple RAT operation, the use of the
common logical A protocol may enable the device to attach to the CGW and to inform it of its
multi-RAT capability, and other capabilities, using any available RAT technology.

[0044] Figure 4 illustrates an exemplary attachment procedure. At 1, client 420 may
discover the network (CGW 410) by acquiring the synchronization and control information
broadcast by the network using a given RAT technology (e.g., RAT Y). Client 420 may use any
of the RAT technologies which it can support, in this case RAT X, RAT Y and RAT Z. At 2,
client 420 may attach with CGW 410 using RAT Y. For example, client 420 may use RAT Y to
attach with the network to get a network address, a MAC address, etc. At 3, client 420 may use
the recently activated RAT Y to send an attachment request through the common logical A
protocol. The attachment request may include the multi-RAT capabilities of client 420. This may
enable CGW 410 to trigger the activation of another RAT at 4, or at some later time. The
attachment procedure may include capability information that is pertinent for multi-RAT service
assistance.

[0045] The attachment request may include one or more of the following: a) each RAT
supported by client 420; b) for each RAT, what bands are supported; c) for each RAT, what
other RAT it may support simultaneously (e.g., a GSM RAT may support Bluetooth but may not
support WCDMA or LTE); d) for each RAT, whether the RAT is active or not; e) location
tracking capability; or f) TVWS capability, whether the device is a Mode 1, Mode II, or Sensing
only device. The attachment request may include information relating to services offered by
client 420 (e.g., gaming, printing, storage and physical location, etc.).

[0046] At4, CGW 410 may send an attachment response, which may indicate if the
attachment request is accepted. This procedure may be complemented with authentication and
security procedures. The attachment response may include a command to activate another RAT

as an alternative or supplemental RAT based on the capability provided in the attachment
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request. This command may include the same information carried in a secondary RAT activation
request.

[0047] The common logical A protocol at the CGW, such as CGW 410, may maintain a
state machine for each client to maintain knowledge of which RAT, with its operating band, is
active at a given time. The common logical A protocol at the client device, such as client 420,
may maintain a state machine for the network in order to maintain knowledge of which RAT is
active at a given time in its surroundings.

[0048] The logical A protocol in a CGW may broadcast the available RAT and
associated bands supported by the network. This information may be signaled through any
available RAT, e.g., in a periodic fashion. This may enable clients to activate another RAT
autonomously without having to discover the other RATs available.

[0049] The activation of a secondary RAT of a given device already operating on a
primary RAT may be initiated by the device itself or by the CGW. A device may initiate the
activation triggered by a user decision or based on a device application decision (e.g., on a cell
phone operating on a cellular network, a user enables a Bluetooth RAT to transfer files to a PC).
The CGW may initiate and instruct network devices to activate a secondary RAT in a context of
network assistance. For instance, the CGW may instruct a device to enable a secondary RAT to
perform sensing in order to assist another network operating primarily on the secondary RAT.
The CGW may instruct two devices to enable a secondary RAT in order to setup a direct link
between these two devices on that RAT (e.g., the CGW coordinates 802.11n/TVWS direct link
setup between a TV and a Setup-Box attached primarily to the CGW on a 802.11/ISM band).

[0050] Whether it is a device or a CGW initiated activation, the common logical A
protocol may define procedures to support the secondary RAT activation. These procedures may
include a device sending a secondary RAT activation indication signal to the CGW which may
include one or more of the following: 1) a nature of the indication (e.g., the device informing the
CGW of the device’s decision, the device requesting assistance from the CGW to provide a
designation of the RAT and/or the RAT configuration, etc.); 2) a RAT to Activate; or 3) a RAT
configuration which may include the used band, channel information, power setting, antenna
setting, etc. If the nature of the indication is to request assistance, the CGW may send back a
secondary RAT activation response with the requested information. A secondary RAT
deactivation indication and response may be transmitted at the termination of the RAT operation.

[0051] The common logical A protocol may define a procedure to support the
secondary RAT activation which may include the CGW sending a secondary RAT activation

request signal to a device, or a set of devices. Before sending this request, the common logical A
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protocol at the CGW may verify capabilities of the devices and whether the RAT is already
active or not, e.g., by using the state machine for each device. The request may include one or
more of the following: 1) an activation cause, such as sensing, direct link setup, location
tracking; 2) a RAT to activate; 3) a RAT configuration which may include the used band,
channel information, power setting, antenna setting (e.g., when activating a Bluetooth RAT, the
device may be told the channel hopping sequence.) This feature may be used to speed up
capillary network discovery.; 4) a time to activate; 5) a device role (e.g., the CGW may request a
device to play a role of an AP or a client when enabling a WI-FI RAT); 6) peer devices
identification which may be applicable when direct link setup or device location tracking is used;
or 7) in case of an activation for sensing, the CGW may provide measurement configuration
information (e.g., which events to monitor, when to send back measurement reports (periodic or
triggered), etc.).

[0052] The devices may accept or may reject the activation request and may send a
secondary RAT activation confirmation. When the request is rejected, a reason may be included.
A secondary RAT deactivation request and confirmation may be required to terminate the RAT
operation. The common logical A protocol at the CGW may dynamically maintain the state
machine for each client on the activation or deactivation of a RAT.

[0053] Figure 5 illustrates an exemplary coordination of a direct link setup between two
client devices. In Figure 5, CGW 510 may coordinate the setup of a direct link on a secondary
RAT X between two devices, client A 520 and client B 530, that are already attached to CGW
510 through different primary RATs, RAT Y and RAT Z, respectively.

[0054] At A, CGW 510 may instruct client A 520 to activate RAT X and establish
communication with client 530. At B, CGW 510 may instruct client B 530 to activate RAT X
and establish communication with client A 520. At C, client A 520 and client B 530 may activate
RAT X. At D, client A 520 may associate with client B 530 using RAT X.

[0055] A number of procedures may be enabled by the common logical A protocol that
may result in a change of the operating mode of an entire capillary network or of a specific
capillary network device. The term "operating mode" may refer to one or more of: 1) frequency
band of operation; 2) frequency channel of operation; 3) transmission related parameters which
may include modulation, coding, power, and directivity; 4) capillary network media access
configuration parameters; or 5) device client role (e.g., router, end device, coordinator, etc.)
where, for example, a WIFI station may be asked to act as a access point for load balancing or

range extension. The operating mode may be changed based on the fused data available at CGW
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510 and assistant services logic. The decision is sent to target attached devices, which are then
responsible for initiating the operating mode change.

[0056] In Figure 6, an exemplary frequency band change is depicted. This is a
procedure whereby the CGW may use fused data to determine that a capillary network may
change the operating frequency band. It may be understood that a similar mechanism may be
used for the other procedures, which may include using different signaling.

[0057] Referring to Figure 6, at 1, CGW 610 determines that it may need to change the
frequency band for capillary network A 630 based on fused data information. A decision
algorithm may rely on fused information related to one or more of device location, capillary
network load, interference levels or spectrum availability (e.g., whitespace). For example, an
assistance service in CGW 610 may determine that the interference level on the current operating
frequency is high, and that a change of band may be needed to maintain a suitable quality of
service for capillary network A 630. In another example, an assistant service in CGW 610 may
determine that the current band is experiencing congestion and may request a band change for
load balancing reasons.

[0058] At2, CGW 610 may send a control message to an attached client device (Client
A 620) within capillary network A 630, requesting a change of operating band. The message
may include one or more of the following: 1) new operating band and frequency; 2) device
transmission related parameters (e.g., modulation, coding, Tx power, etc.); 3) time-related
parameters (e.g., when the change is to take effect, if this is a synchronous change, maximum
time to complete change, etc.); 4) result of a failure case (e.g., what to do if the capillary network
is not capable of performing the band change, for instance, the capillary network may be directed
to stop operation or to continue on the current band using different transmission parameters); or
5) type of result to return for a success.

[0059] At 3, client A 620 may initiate a capillary network protocol over RAT X to
effect the change of the operating band. For example, if the capillary network is a 802.15.4
ZigBee WPAN network, the attached device, client A 620, may communicate with the WPAN
Network Manager to request a change of channel. If the operation is successful, at 4, capillary
network A 630 may change the operating band. At 5, client A 620 may respond with an
indication of a successful operating mode change. Otherwise, the client A may respond with an
indication of a failed operating mode change.

[0060] The logical A protocol may include one or more of the procedures described in
Table 2. Secondary RAT activation and operating mode change may use one or more of the

procedures described in Table 2.
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Table 2

A interface Initialization

IProcedure to initialize the A interface channel, which may potentially include a
synchronization channel, a control-plane channel, and a user-plane channel This
linitialization details the mechanism to transport the A interface synchronization, control,
land user-plane data, over the underlying RAT technologies.

A interface
Reconfiguration

Procedure to allow CGW to reconfigure the A interface (for instance changing the mapping
of the synchronization, control, and user-plane data from RAT X to RAT Y).

A interface Failure

IProcedure to recover from an A-interface failure, as measured at the Logical A protocol.
Upon detection of an A-interface failure, the Attached Devices can to continue
lcommunicating within their capillary networks. Failure can be determined by monitoring a
icombination of the signal quality of a synchronization channel and the received cyclic
redundancy Check (CRC) failures over an observation window, and declaring a failure if
the quality of the signal or number of CRC errors passes a threshold [8][9].

Routing

Set of procedures that allow use of the A-interface link to route traffic between two
|Attached devices within a capillary network or across two capillary networks.

In one embodiment the Common Logical A protocols in the two Attached Devices would
set up routing entries in the capillary network devices so that data would be siphoned out
over the A interface and then siphoned back into the capillary network. At the CGW, the
ICommon Logical A protocol would set up the

transparent link between the two attached devices. This would be especially useful in
capillary networks that form tree topologies which have a large depth (e.g ZigBee
networks). When devices at opposite ends of this tree need to communicate, the large depth
translates into multi-hop transmission and significant routing delays. The CGW can act as a
relay, linking outlying devices of a capillary network and reducing the number of
transmission hops.

In a second embodiment, the routing procedures are used to allow recovery from a direct
link failure. The A interface is used as a temporary bridge between the direct link devices
until a new link is established.

Device Paging

Procedure used by a CGW to wake up a "sleeping" device that is not continuously
imonitoring the A interface. In one embodiment, the CGW sends a paging request for Client
IA through a Client B. CGW sends the paging request to Client B (an Attached Device not
lin sleep mode), which then forwards the paging request, through the capillary network, to
Client A.

Device Neighbour
Discovery

Procedure to establish a location map of attached devices (allows CGW to determine which
devices are in communication range). In one embodiment, the procedure is initiated by the
ICGW, which tells the Common Logical A protocol in the Attached Devices to send out
probe signals within the capillary network. The probe responses are used to build a
neighbour map for each of the Attached Devices. This Neighbour map can be

forwarded to the CGW to be used by a fusion algorithm.

Management of
Broadcast
information

Procedure used by CGW to broadcast information to Attached Devices (or devices wanting
to Attach). The content of the broadcast information can be provided by one or more
IAssistant Services based on fused data (for example the service data described in Section
[Error! Reference source not found.)

Proxy Device Attachment

Procedure used by an Attached Device to inform the CGW of a legacy device that cannot
communicate over the A interface. The Common Logical A Protocol in the Attached
Device can provide information that would be contained in the normal Attachment
procedure, For example, RAT capability, service capability, device location, etc
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technol ogies which it can s in this case I%AT and RAT Z. At

2, client %tQ@GW%WéMr%tEl e (@R 4L OV 1E e |9 TTRATEe Ynetweik chapaphsIECh. ¢ | ent 420

nmay use RAT Y {6t t@GWw Mb Ly libuch@b Warkdel @esd& ool 8 U MRINKerdslel RSl fd MAC
address, etc. At 3, client 420 may use the recently activated RAT Y to send

an at t achriBhfigPerqeerk. WF%%lnFﬁge%h%ﬁ?W“F%&cb%ﬂ%n@f‘E?PtS?:léli‘e Zight& att achnent
request mastwdlcloddact dhenndldlid the RHatc@pRBlaleichin@s. Qivied dirbittindidOthat Thys  may
enable CGNV 410 to tll‘l ﬂ%é he acti )()atl ondof a,[{} ]éher RAT at 4, or at sone
later timeCYRv? B HE ’i’ttr BF6E A P R GERTEPERBI 1 i ty i nformation
that is pertingeb9]f atGWLILD maf\’ébﬁpsmd Von@el aa;ﬁmysteamuh multi-RATIOPLAh 1y Bhe
attachnment _r equest ng: ch RAT
Suppor t od By 1 e g0k P UG ABEeR e Cupse BES rPER LS 6B B o) Y or
each RAT, mhmunmatbﬂemtms frém malipsugpordgies) inmhyt @k deudstiges (cchetp. ip tha GSM RAT may
support Bl t \WCDVA ) T,

whet her theﬂ)%{sﬁo% (?3 Q%%:rtnlqr\?%lca %5W§E%H§ Thoca I (I)lﬁe JP'}EI?P%O%Hgfg%al ﬁ%ﬁ?i/r?%or f)
TW\S capabidyitteyo gwhietideehat tyeA [devi vegs of the twe@eaplllarsmeork IThe nal Searsinng onl y
devi ce. Th&@tt&%tﬁ@l@tm@%@ Sib B, FIChUgRe RS HRLde0Re f.elk] gy t O Services
of fered by client gam ng, printing, storage and physi cal

| ocati on, mEg¢diyg Oppoftunlstli@@&@llceﬂt C%SGY‘GGWMOOWy send an attachnent

response, whi clrnolmy stmtfg@ltlgtd g8 221, (RGN IRNhay BAME RForhSiAGESRt €d. Thi's
procedure may be conpl enented with authentication and security procedures.
The at t acHiiHY peepth e FayxErrEingderks 7¢b meaidets CABeT ipetidilotiér RAT as an

al ternat i vigca@bn, HéR R ABNRPILAlHRAT. Ihmglo@tt dathBre€ A Nell bd MudhRY hided ahdn t he
at t achnment request Thi s comuand %/e i ncl ude the sanme infqornmati on carried

in a secort&fy¥ RAMH PAPPISRIPMeR o g qetermine a neededya5pjsian sepiges /80nTdn IFlEgi cal A
protocol  adr cblTem KM d&iie i AgivéaMYiAdD netivak (1R @pﬁa@ nawdtkad g2 1mahi ne for each

Setive o DRl by R RES o btk i PeEer Skt SReOEtS ek Bherr ey ce,

such as cl silr@thtonltiz@ctldﬁayplmldﬁmlylalsabsﬁ@geeedlwcshmmeftﬁ@devicbnen netewmitdy i n or der

to maintain k edge [ ch i active,at |rm|n|
surroundi nggwor Om%gc%%wlgfﬁe%%fogl?%aﬁywm S%l%% Oca}z’alh WOrksrt7)z:00adcast
t he avail abl e R)ﬁ’ﬂ]an@nawsrhebaam@ebsbtan@slpﬁummeMaedbe b}ggerheby@(ﬁwm.UsTﬂgl S
informatio QWoh ' . 3 ol N:a periodic
fashi on. Efogga\r{rlgg%esﬁg %"‘gd@ms toogig t@%ﬁ%%@éﬁ@@%@%ﬁf?ﬁg@uy y

wi t hout ha(vgngdw@ed\rltét(?@’vfeqapftbhéy 5talﬁﬁemlmmllwa¢ttvab%e721uses RATY)iQ0491 The
activatio r

o mary RAT Ty S PR ol e A ok M R B P BRET B et co
may initi atteehngrdewga:Sin%tbiseﬁwtermagget@@le thy RéTueeirbmemtlasY mtwefi& Assed on a
devi ce apphdwath ey Ql@&hlsthé}ﬁ'o;(y%egm d%ce%fﬁ?ﬁéedsop&@iﬁly%ﬁ’ﬁ% Ak dfGeeQRudent el | ul ar
network, a user enables a Bl uet oo? T to transfer es to a PC). The CGW

may initi acEvediil {erisRATCY) At WBY Kisgeiecsdvation o KA TVREIA isesedhddty RAT in a
context of network assistance. For ilWstance, the CGWmay instruct a device
to enabl e a secondary RAT to performsensing in order to assist another
network operating primarily on the secondary RAT. The CGWmay instruct two
devices to enable a secondary RAT in order to setup a direct |ink between
these two devices on that RAT (e.g., the CGWNcoordi nates 802. 11n/ TW\S
direct link setup between a TV and a Setup-Box attached primarily to the
CGWon a 802.11/1 SM band). 100501 Whether it is a device or a CGWN
|n|t|ated actlvatlon the common Ioglcal A protocol may define procedures
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protocol at the CGWnmay verify capabilities of the devices and whet her the
RAT is already active or not, e.g., by using the state machine for each
devi ce. TWo2u(s388 nmay i ncl ude one or nore of the foll @arAg2011)02@081
activation cause, such as sensing, direct link setup, |ocation tracking; 2)
a RAT to activate; 3) a RAT configuration which may include the used band,
channel information, power setting, antenna setting (e.g., when activating
a Bluetooth RAT, the device may be told the channel hoppi ng sequence.) This

feature ma e ca ary networ time to
notvate. Bt dhopgRaRRtRe SO0y A AR USSP S oty ay
rol e of amefPbamodesad mmnemhemngambhodngvlta 1tWelg¥ﬂ501R0F5)r pxaBiplepeeillagevi ces
identific evi ce

| ocat i on 1 a2 BeB¥eb RS INER . BREbol bR sABIPRRT Y % 1
CGW may prlowisdéemetaBluetertie nadesionf beguastt drofave nddey. dandstsnngde ngy potwhiski event s
Lo moni t or Lo BPAMe RAGL TRASHE TR LRAR SplIBSLEAIKCTRIpiblyl 9geT ed)
etc.). e devi ces may “accept may reject the dct Pvati on
request analimgylesemsayaniseeloridiapeye mATS aeaétﬂ?rvedbmw BOER Fhewmli: Bns repErE t he
request |smg§k@?&§9mmgyreason may be included. A secondary RAT deacti vation
request and confirnmation may be required to term nate the RAT operation.

The common | ogi®2k! Aéb@éX%%ﬁ%%%Ww?ﬁ@y@ﬂﬂ@ﬁﬁ?ﬂﬁyﬁéﬁﬁ%%FﬂvmﬁﬁW%@%|n the state

machi ne f ofm@@ehadel nk@dtk j0iink B catfhini@tih®0 164k cy P a8denVidbi@ thabfansot AL
100531 Figure 5 illustrates an exenplary coordination of a direct |ink

setup bet ieSH R BT Ve cotfa e GuBIe 105 7 (AP O on eSS IUGOTE B CET Y o t he

setup of aedidiiect |ink on a secondary RAT X between two devices, client A

520 and client re alread ttac. 0 CGM/S

Gitterent pri A T Rhe T uR A Ry o pRCHEER GurpE motaoR SR A A
CGW 510 W&Mpllllﬂstnétu/ﬁik a0dl kigilind\hB2tfotnatiacioi(LaV @1 (RAMhe }ﬁfaﬁdtu&ﬁh@biel sh

conmmuni cat, ent 530. nt 530 to
activate R& ‘ﬁpe%e %?% égﬁ%ﬁﬁfgh w&%&g“ﬂﬂ% A*m'?ncllent
A 520 and eftaie ﬂtes&l&mhdm]y a@tthe wptlleryRAvoXk nedd ndDpe bﬁmteirtb thA CESEOdeﬂmbe(as soci ate
with client B usy| A may be
enabl ed by theﬁggﬂnﬁ% Sg|§th%?%?w %%g?g%%masg' %%gﬁppgﬁﬁ&gggﬂgﬁae of the
oper at i ng ¢oWendfroadedanits qaeabdigpifbinatign, mendiptidn toat it efppertseBes. TheCEWpi | | ary
net wor K deﬁ{d fen réﬁn&t hd Eh%hﬁa%ﬁ'ﬂ@xﬂde?g)vﬁggsﬁstaﬂz@% tﬁeejlge Ilé?w&ig gnR rassﬁBﬁc@ of : 1)
frequency band of operation; equen hannel ? operation; 3)

t ransm ssi®a c@idgeredr pare afrbt eé?e@dn%mhecrpac he G{eW e émmtﬁuugaxr\c/@wmkf@@mﬁg,

pover, and,@int86tds¥ blo¥y fofthe AR b) c@ﬁxﬁéctﬂﬁ%o%iigﬁ@@dpﬁla@%&%%ﬁc EORfih QWL at i on
paraneters; or 5) device client role ( 9 router, "end devi ce,
coordlnatd@ﬂﬁﬁ¥kﬂwwvﬁ@ﬂé““ﬁﬂpmé%ﬁﬂﬁ¥@ra%ﬁvw ¥r tsC4W-on may be asked to act

as a access pojgays|f afrodyaatkiRadeANGt MGy BY pr:add €O Xd: 8ds Rices LiRer@per at i ng node
may be changed based on the fused data avail able at CGW 510 and assi st ant

servi ces |'8%i¥ nepplagepguerpp 124 may Rt usedorgrlibe logtiog Ohp Ve WitR &%, which are
t hen respamghdWboda@én ¢rrwnlhlnalldcﬁngmtm&l@&gpmumgdmd@ tCAPMGE network A 74100561 I n

Figure 6, an exenpl frequen d chan his is a
procedure‘&ﬁ@??b@“?ﬁ% m&égw @&%ﬁnaa W%mﬁiﬁéﬁéﬁggog 4Pt a capillary
net wor k nammmha@gmcbhmmepematwngk&w&ﬂmaﬁmyxhaﬂdgl&mnﬁﬁypﬂﬂnpmdBWQIood t hat
a simlar hani far the. ot .y i ncl ude
usi ng dlfﬂgggn qnﬁﬁ an&e“ME%wdeTﬁﬁ% 1hﬁe erf?%&ﬁ?%%;euﬁwggg%e *1, cow
610 deternnn@snvmaheummmuyﬂhﬁéduha@mhangmnmgmﬂmmbqaﬁwdyobandvdpmmmaplIIary
networ k A 63008860020 HSAA ARl BLIBL 1Aev AREYRIL0.ALGOR thm may
rely on fuse orna ron re to one or eV|ce l'oca

capillary wémmlrlkcatl@ad Jmajy mfennf € Wrvd 8 andgvetide addltlsrpé@ltsmumoavmmcmtﬁcst y (e.g.,
whi t espac es)ach f ? nﬁ%@éﬁ@iheFor%Qatﬁﬁes 1Rfe Y ?%eﬁ%qﬁés?% ffnﬁ agﬁ‘é\(ogtjn(\)-:nm cgrﬁér rmne
that the interferen evel e current operating frequency 1s high, and
that a chavigeriwhessarsed srayndiee hepede dthergorminpt ddchomcssliayieea b adpedd ty of
service fQBaﬁ@@%$J@%ﬂ@ﬁﬁ&ﬂ@%&wﬁe@ﬁ@moﬁﬂmﬁﬁﬁhﬂéhi&%ﬁﬂﬁkﬁmu@ﬁg§§é%&£ant
service in CGVN6 may determ ne that the current band is experiencing
congestloﬁ“&ﬁ@%ﬁhy request a band change for | oad bal anci ng reasons.

100581 At 2, CGW 610 may send a contt/ol message to an attached client
device (d ient A 620) within capillary network A 630, requesting a change
of operating band. The nessage may i nclude one or nore of the follow ng: 1)
new operati ng band and frequency; 2) device transm ssion related paraneters
(e.g., nodulation, coding, Tx power, etc.); 3) tine-related paraneters
(e.g., when the change is to take effect, if this is a synchronous change,
maxi mumtinme to conplete change, etc.); 4) result of a failure case (e.g.,
mhat to do |f t he caplllary netmork |s not capable of perform ng the band

o e Y .




Table 2 Ainterface Initialization Procedure to initialize the Ainterface
channel , which may potentially include a synchronization channel, a

cont r ol - pvanetigisatael , and a user-pl ane channel Thi s i niPCiraiSe@atbeal det ail s
the nechanismto transport the A interface synchronization, control, and
user - pl ane data, over the underlying RAT technologies. A interface
Reconfiguration Procedure to allow CGWNto reconfigure the Ainterface (for
i nstance changi ng the rrappi ng of the synchroni zation, cont roI and

user - pl ane dat ﬂ"‘% RQ]? k i nt erftace Faj |l ure T ced

recover from ah A nt&t r SIS% gesd S§°leéyaa§ﬂsr%n§emfly eh‘z’m‘f_‘g)e are B\S%r ot ocol .
Upon det ecihfoomatioh, immwugnmfoemaﬁaxcelaflag ﬂolavzel,ablb/h@omgtsa&ihe;dm@emme;sofdhﬁrirst 0

conti nue COMMALERL hAGudl L BLY GLE CAPL LAY Ky o ERULH A0 DO

determ nedo oring’a conbination o na qua
synchr oni ztat:macbh asharrrdiATand upt e seraceiltre thag heseil m@@ﬂ@n@&h@ype@hwel( CRO)

failures 0:@] caﬁ&hs? %%‘g’a}{l '.%r %ﬁ&?%o@%ﬂ%%%& il tfn]ff\ éng‘d rtp‘h&?e qual ity

of the sig S passés a t eso Rout i ng
Set of pr db@@nywe@ar higeeh B GO 71 draygh the gonpmemipgipdl Aciatetficq ke- g -0 Féwéort raffic

bet ween t V@taéﬁﬁﬂga@@ S YGRS i Gway 16 @lEHu it&"e%w@ Eﬁe‘f@én'ées%d geross two
capillary networks. In one éenbodi nent the ogi cal rotocols in the

two AttacHePRbBRIGT C&8Y WLy fg@tan%seﬁltﬁfﬁlivwa%%‘elk'il%éeHOﬁt%@ﬂb%?ﬁiqwcafry net wor k

devi ces s0Oodanad medhah R shtiBefuSoR ARG ﬁuhn&ysaéaal%te&résﬁﬁn@%%e and then
si phoned back into _the capillary network. At the e Common Logical A

CGW t
pr ot ocol véB@FtEPOé‘%Y““&EFf‘flTFé’fﬁeP%ﬁ%élb%FrVéﬁ?“Yl Paird prebsasive't Prafeteies st id e d
devi ces. TiteSmwaphbtk B RSPAE hvidrd yf thﬁsﬁfvwe off&lr(‘gélmrdlﬂgﬁ-bMadt@it wWoskstidngt f orm

evi cos. ot NFI TS SR GF th P CRER RO § B Eolint DEUS ~Che° | ar ge dept h

transl at eSsmaf’tf)hbnéTW[ﬂh the Mﬁll(ﬁll’v&alﬁﬁmhe%me 13 tamdg [Sdcg Brl(fﬂrﬁxadbta dietitonagd/elel ays. The

GOV can act stanﬁ g}odﬁbgqlm%y provul:lenaQOGaHon %I N tgei ﬁ{qyswa %néeh avo u?%}a Te yutser}?si \A\Dr k- and

reduci ng t rransm‘ssi on I'nmen
routing procedun s l@nenyseda toomah thohouse)ozdwerﬂye gammtakmg plaeton h Bhietobti | ur e.

The A int er{ ‘%1? dG%V'?'fq%g H?a%s& tﬁees[%B%Fhl%[sl%iggﬁibﬂggeitﬁﬁﬁé‘é@o‘?ﬁ‘ﬂ’i‘,ewh%hrb‘?jcd%fahlit nk

devi ces a new IS esta
may be disabled, and configure it with the channels to use and the channel hopping sequence.

Therefore, the smartphone may have a fast association to the Bluetooth network which may offer
a fast game start experience to the user.

[0077] A capillary network optimization assistance service may be a service whereby a
CGW may use its fused and raw data to help optimize the performance of a capillary network
(e.g., by maximizing throughput, minimizing delay, etc.). For example, many capillary networks
may use a form of carrier sensing as part of the medium access protocol (e.g., CSMA/CA). If a
centralized entity, such as a CGW, is present, it may be used to assist in the Media Access
Control (MAC) algorithm in a number of ways, which may include one or more of: 1) providing
a frame/slot structure to allow slotted CSMA; 2) broadcasting a jamming signal to signal to an
attached device that a collision has occurred, which may eliminate the need for request-to-send
and clear-to-send (RTS/CTS) transmissions; 3) signaling/broadcasting dynamic MAC parameters
(e.g., in 802.11, this may include the inter-frame spacing parameters, the random backoff
parameters after sensing a busy channel) where the CGW may use its knowledge of the AD
location and service profile to tailor parameters in order to maximize throughput or minimize
interference; or 4) augmenting the basic CSMA/CA algorithm by reserving a portion of the

spectrum resources to a demand assigned based access control where the CGW may manage
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Devi ce Pagi ng Procedure used by a CGNto wake up a "sl eeping" device that
is not continuously nonitoring the Ainterface. In one enbodi nent, the CGW
sends a pagizog/essqyaest for Client A through a dient B. PCBUNSs@naz3she

pagi ng request to Client B (an Attached Device not in sleep node), which
then forwards the paging request, through the capillary network, to dient
A. Device Nei ghbour D scovery Procedure to establish a |ocation map of
attached devices (all ovvs CGVVto determ ne which devices are in
O BEh reb B SR PR st Y RASERA P R BLGEY 10e
send out prooheitsitgrdhss wid thiffic driestycapi | | ary network The probe responses

dto b : L i
are ised 1o buldydsia MELABON . TBR: {BlicERGRlh08 A1 AGRE RS 2

Nei ghbour map e use rfygorr thm
Managemnentnepforigy badsagte, p AOGY may {woie Rriogadenr ecapien nbyoBGNe @O Wrwadcast

| nf or mat | ARehwAbk ARSI DR GRS A, BHLECRNRBLING J8 SLA8RyaThe cont ent

of the broadcast i1 nfornation can ovi oneé or nore siI st ant
Servi ces baseeroaryigswesk warmnchiin betvgepiueh retieorse Ny heugwtongedcfilised in

Secti on Ergeider3ales MeR bs fid Jﬁsﬁdeﬂﬁ’;tr mh.QMDEd. )th ?qu%é’t'hﬁ%@hepé@@%@ RAL
Procedure used by an Attached Device to inform acy device

t hat cannotVaEdsieaddt capiiar neRerin(eign futipgeoagestitie ACHNASHIE IHPEEPUA Pr ot ocol

in the Attached §ReVIeCCRMRIRWLAS dciﬁfcﬁéx}"{&% h)QJHarI BateirpRhido i@ ol ned in
the normal Attachnent pr ocedur e, F%r exanp RET capability, service

capabi | i t yPOraEFHR OBt Fon, etc WO 2011/ 085073PCT/ 082011/ 020331
Capi | I ary Net wpoR$]r oCEidisrfereidd @fagdy¥mant %A{aﬁ@rsfe@rcaﬁlap o@sdedtif@matiaa al | ow
i nter-capil| relatin rQ/to Ql%gs%gd 1nterferenanaév?gell&gt?o%m%rzile\%& capablhty to request devices to use
directed antennas, thereby pointing energy to the desired recipient and away from other devices
that may be sharing the same band. The assistant service may provide the necessary information
to the devices (e.g., location, transmit power, etc.) through broadcast information carried over the
common logical A interface. The common logical A protocol in these devices may interpret the
broadcast information and autonomously determine the direction of transmission.
[0080] The interference management assistant service may provide for time sharing of
a frequency channel. The CGW may coordinate a time sharing of a frequency channel across K
capillary networks. The CGW may provide a usage schedule for the K capillary networks, and
the common logical A protocol in the attached devices may control capillary network
transmissions based on this schedule.
[0081] The interference management assistant service may assist in
spectrum/interference management. The interference management assistant service may talk to a
centralized spectrum manager entity (reachable through the cellular network and/or Internet) that
may reserve or assign a spectrum across multiple bands for intra-home use that is of "high
quality" (e.g., low interference). The spectrum manager may allocate a spectrum dynamically
based on requests from the CGW. It may make the allocation and re-allocation decisions based
on other metrics, received measurement information from other CGWs, white space use, etc.
[0082] Once a spectrum is assigned to the CGW, the CGW may be responsible for
managing the spectrum within the home. For instance, it may choose to assign frequency
channels to individual capillary networks based on received requests. The size and frequency

band of the assignment may be a function of the traffic to be carried on the capillary network.
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100611 Figure 7 illustrates an exenplary system operation diagram CGW 710
may col |l ect, through the logical A-interface, information (e.qg., RF

measur enewoP11Mss0er K oper ati on measurenents, traffic race/uskaamd203devi ces

| ocation, devices capabilities, etc.) fromthe capillary netwrks 720 as
well as fromthe external networks 730. This information may be coll ected
during device attachnent to the CGN This information may be coll ected
during ongoi ng devi ce operation, for instance upon a change or

peri odi cal ly. to collect, infor n and
configure devi E(fﬂés] RapT RY Y EYio IP%atloni]fgan%mP(%n it etﬁj%“ %?Sou? {l on. cow
710 may cCreat¢regespEcd faqUedeabras es dr6Qedrarenme} tyetly, ﬁ(entgg enecgb tHeadegpredet wor k
and exter 0l y execute a
set of danapaLRRRay sohfiet 8%sehh AN TP s thehE R TRECN IR o

i nf or mat i gnodd therreery mmmaapitd hardyvicetwoldegtion2@nanid poverext)enhbdvenet wor ks
730. CGA 7tﬁ9dé¥ﬁ¥s é%l?ong%&f%pa%hﬁl}{e HpgRLash &@rqnsﬁ%foggured with information
fusion al gorit ary information fusion database 770 may i ncl ude,
but is not |im®8H tToe mgy alfpeoatreffintelésyeneeby Feidng ba trppgpit power of the

servi ces/ capbiih ink xalmap;ol%hxf&ﬁsv ThCERW ﬂl%rsyt mhmrtﬁasrﬁpyﬁe@%mwd%
frequenci es avail abi | E 21 CGW 710 may collect and fuse
devi ce Ioc?étoi’%fﬁo?mtﬁ@@r‘ﬂﬁ% idpshiberythanes Rl dgamigalht 3sdmerfragsce engitionst r om one or

nor e capi | dnhadoy. RO ki 1ithh @nel g P QhiiHIvW P Br XBYD, B8 iR tB toQfuarantee
mul ti-network attached device | ocations, which may be a physical |ocation

or a radi FOVSRECTIBR herailry S8 Ofnf or mati on may be used by CGW 710 to
provi de one or [WBS]e DfcsasimtRMtssiSaIY bBB& mSUBHAE @SS ShRBhL C5aV 6 ces 780,

whi ch may include any of the assistance disclosed herei For
ASsi ot ant CBTYACBETBY HRGAY SR SC S ot B P B PO e PO Ao
services w sﬁtﬁttﬁhoﬁlb’l&) aImDrEV Olthe @ésilmcmnsféleasi;mmcmmteaﬁ@nﬁﬁe (1& of the 1dcatidanow t he

| ocati on Ofa aca al 1 eVI ese(flgaadt/mter esr nrcrzg'lmff(yr%tti In 0 sqe?ct th eV1ce|t0na 1|cl9tn of
spect rum usZgy&r no e 208 Set padaaispich dndormtiqndy SUEHing HEycs RRIEE K

communi cattransff;r aassslost(eegi tgrgeivdedes) diihs CGIVe myy bassposiﬂﬂdfolr p@mgmﬂalgetnbwtq set-up
of opport S t
MRppI NG, gsg élﬁé lﬁithélﬁq?ﬂa %Bﬁ@gﬁ% gl% ng}é%gogg%{i hl%de‘iixﬁ(‘é!r &ﬁ% Sli_lcgl r%%%lgén tgﬂ réc%gs hn BN 710
may base spectt whthremagemee retﬂremﬁtsng)ﬁhs dgmtotnipet tb@wswuwi}sofay e@tqtlmr!metd ofevi ces,
ther eby avgl i BoieaeslaNge SBECH Mﬂemegaar@{ nbe heavily used in certain

| ocati ons. | ect fromcapillary networks 720
capabi l ity |nfﬂmﬁﬂtHbﬁ“%&dmﬁ@ﬁvP@@mﬁmkéhﬁﬁﬂp@ﬂﬂéﬁdﬁ@vwb@%d%mﬁS?QImay fuse

this into gu& E&ﬁﬁﬁ&&@w%%%ﬂ&@%&&%@@&héﬁtst MleMQi%est&aryxeqﬂbﬁmq%@@f lity
information may 1 nclude radi o access capabilities (é.g., supported

t echnol ogi @&tiesy it 8 chrahlegical epreiosad 8 higas heamedstl to 1@?1@@%@3&@ PrafFevEt  power

limts, etge @&ScaMBlihterfSe, which may mcnlfd@lsm iRR: depdeh RYattkienOl®y cWy si cal
attri but es such as power source tter¥ and mains), avail abl e power

(e.g., for™BaIYVEMg S%@?S&P@alh&éﬁﬁféé‘g?“ W%FBF“&@%I WPEBE YR PG avai | abl e
st or age, steﬁaceéV&'h@alﬁl&fevte@@sltbﬁflﬁ)ﬂlﬁ’&ifbrﬁiatldﬁﬁysubrf’d‘alald@e baﬂlehdnfhn@ﬂttob@ﬁgu@fuoﬁ he

ongoi ng ser i ces. or ervices that ma offered b devi ces
o he canii ramgnfa foreatofmaRiike GF Sul b §ubs g o Senmiate BF ocedur o
may al | ow EI@MOZHEAT@fﬂheaﬁartphmko fofn a&&hgdn@aﬁﬁﬁlﬁzbmlubtbgth haivodknatd) candedr

devi ces that d(r)atlgt(l%ecoﬂ raglonyas ma se§ tﬁ er ca a ne;lworlg SE, g sgiggr% have no A
|nterface) T proxy FEVIEEE Ty © 1 tHé FVIce capaB ?%%y i'1f or mat i on
to COW 71Cervich rtcsswmqlﬁ orimatdl ofp rrcazyorlbecpf:weldg mgh mteofetrare or ypesy lefusddis éd
informatio i 4 used
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| nf or mat i orenfigrsddorithdiegt hbyarsls ifanery S¢vend preagrinead ¢hynta1m$tq9é4tnpb@iﬂg®|8l49
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|nformat|on fusion may b ed in e Information fusion data ase

100651 COWvyramicaiypéairs apd eonfigeed wid neasaicritagitansapplgatiens S#@a\ntegappinetrool |

coor di nat &g dsass| HhliGaR i liRkvatdagh wgr'céiﬁua%Z&twe%ﬁ%svtc@msc%@e&yasgl%ncz80 may
make use of fused information as well as t'he collected raw ' nformation
speci fic t¥™BeVhedi &G WuaPrmedfnrwd avalalp eaeest heuseinarsaistticgamataiueabl e at
speci fic dat abases 760. A variety of2Vassistant services may be defined. CGW
710 may be dynami cally updated and configured with new assi stant services.
CGW 710 may control and assist by controlling directly one capillary
network. CGW 710 may control one of the capillary networks in assisting and
controlling another capillary network. 100661 The system architecture
enabl es a variety of assistant services 780. Each assistant service may
make use of the information fusion database 770 and individual capillary
networ ks dat abases |n order to a55| st d| rectly a capl I I ary netvvork and/ or
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100681 CGW 710 may instruct the WFI devices to nonitor a valid alternate
channel for the Zi gBee network. Once high interference is detected, CGWN 710
may cont rwD 20118%i7gBee network to switch channel s to thecraiSeadaneas3t
alternate channel. Service discontinuity that may occur as a result of the
interference, may be reduced at the Zi gBee networKk. 100691 CGW 710
may setup and control a proxy device with nulti-RAT capability by providing
opportuni stic network healing assi stance to a given capillary network. As
((j:g\ﬁ\(Zég fgch il lass1s?ante atpﬁhca 10ne\I7yA|R}S %Sﬁ'r mtferq:|J cI%t"fhp cFentt esgljgtgg‘[ O}?' et?o’n w1ﬁ1 amaét ask_the

[t y networks. The
assi st ancemtmigce ey dppay tomlm wstritiee Ipcatidrhatp ctfhl@rlecamywbee thogagneds akihgplatchat any

AD is in range t on of

whet her to asst@ 7 Inln(?gub‘% %%%Vts gr?&e{nhﬁ&@ Sll%g%q(dnfsﬂteggségedn Qéoo%%&c% decide to
refrain friomtiprsowi dton@ump@@mhmhg@mm@gsa 15echime¢o-techowrli@M) &/pbedptlery power .
100701 St '11 }worrkeéﬁr rdG{W t(pm!; 0& c?entrﬁfiedl%ate u%g'tgonggsydeg&llbéoerfételﬂ nformation
about capillary net vvor extern ., In terms of

t heir connect i VI0B8] Figkesilp SHOtvyé@ttftxenple Whidisy commn@@tpwistlemtlp%wh@t igay be

| nf or mat i o figr.gR i RFEH t@quetﬁo'd§§1@ fe@frel hés&?bt:([ &B%lﬁtref&encgtoq?%reéfi 0GRV 710 ma-y

run an application at 5 to determ ne a needed assistant services 780, e.g.
det ect or WEIHF RMURSRtonsyseyil ¢ ifchides ag Eylypddaprrdl dpyesHaltRade keess. g. |

capi | I ary 1@l MRIKUTRARL0S. ThdRUTRARNESL RS bb ConhfRd ﬁﬁaFHylstletﬁAYchﬁé%ﬁler k, which
may be referred to as a S|ngleton devi ce or node. The singleton detectlon

appl i cat i drolES GREFoB@ePikgibfiteny ThedE TRAN (B inglides@e¥ TR 11 andc api | | ary
net wor kK i nk@fdtvageO@NeBEAeNBY) 1620, vE@Vnhd 0c ARYNHR0Y brtheicid SRidHs A &V TRy
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770, COW Ti@rfareFadhdéht Nlys la2@ienifee with 4 Robilidy Maﬂ@éﬂierﬁ Hma;b@'MME)ySe(\ﬁlgg a

device w oy AT CEREI byl SSTHELEE, FARLL N AT By R BB ¥

devi ce rrayaré}mwrerhérgmdotncshaedla amaam;thdnerazlcpm@}nadiewmf@etele@anrt\elretdhlmscedmw ce may
not have tﬁ%‘?ncﬁ@éddt‘ﬁq@@m?&s ARk gt[og gtwork A active, CGW 710 nay informthe
proxy heal i1’ ng device o s nee %osm bly using the device's current
active RATIO0&. g., RAT X). This may trigger the activation of RAT Y, which
I's used by the 0'0891]6 FigureSh ﬁ%% Ete’BBQ?dlagTalﬁ?onﬁ emwl?a@s%] R RY 1o & sTRY

conmuni cat e vmt SI ng et on ssi b nei nodes to reconnect
t he singl etlehlnﬁ%@tbﬁWTﬁR tl §10ni8¢ G¥h BRG an WelO %a\pﬁh%rnyﬂgvéﬁtwork A 721
nmay be basgdweRuBh Hﬁ&x@@@tdﬁﬁﬁhﬂﬁé MQ}E/S(@WQ%O vahtteta%t tbnﬁgyedegye@ft)ﬁl ho RAT Y).
In a scatternet, Bl uetooth nodes may be master or “slave nodes. A naster
node may ndt Oéhﬁlﬁé??t‘lw&ﬁsﬁlbé‘h@?f?é?“hﬁﬁ??@?toﬁéﬁﬂ'@s 1¥herefore creating a

bottl eneck in {dpgo)Capidukiad o tHRREMSVnnis T Raybedddhd JiAOWARVI GEWTRY | Nt er act
with these nodes and force themto change their role thus repairing the

node per mar&fifqlytes a processorg b apopliopst ymﬁ%QF@%ltfé\ﬁt et ?Pﬁt‘mﬁi‘eb@ﬂ]cléétan

i nf or mat i agptibal &ﬁ@emzqm@@taﬂeﬁdg 1o mtpméts@mmmheywiﬁgurbdlb BénBi@teyicode,

conmuni catj n to | egac n rks t can I n
o oLl o e SRR MBI 1 B PRl L A bR ot ne
capi | | ary in@tcwdmbnication with tﬂd}ﬁ%&lormetamﬂ the remhd Ngs agﬁtIMaMnmgslobmqor ovi ded

by gatherin nf i on _about et nal i th| S

i nf or mati on &%Wrg%f OTTRE 10 For rrg ?%eﬁveht};ng \yAﬁ)ef Ofﬁt‘a redglg% e E%Slﬁle?al i ng
devi ce anchni radenzratlelsxagu@ swbatthctsed@@héd?abﬁvebza&edercme tolfézufes 1-9dn ede dattery and on
certain th n. net be limted to
t he cases Z@%rﬁ gﬁlc]heW?Rﬁ% 1? g?%%xgﬁgéﬁlagsgga%r 1?14\%#66 %’? Ct%%glﬂlg% ‘devi ce may be
a smart phone tImﬂt)llhélsadéﬁlolateﬁedommmwtqthﬁem@@/&/famd ingrtydate®, the INB 1 @20capabi l ity
i nformati t i %@(gm@{] t.hen
request tﬁgtlut eﬂrgbtgétsg@hgdméle %létg)h%}%ﬁvé?%gﬁlg slllzls??t Eﬁ%gwgbﬁl ZI gBee net wor k.
Thi s assi stldhdbe pregpsspriid | Lidey b nenfigyreditp pasfopn the mpthedspadyiddtyrep dessabadebayh of t he
CGW by traﬁ%%f%&ﬁc@%ﬁgﬁ?&/lgoﬂk%@ﬁsc%ﬁﬁ'ﬁjaré1{?@&&%%5&9“%&@ REQXY1f19r the
CGWN 2) connecting to the ZigBee capillary network and actpl ng as a

t enpor ar y e a@RaswiliHp feifige tfeatﬁtsms b%anﬁéqcmmf voicless cofaevgRort-d e he COW
100751 Proxy tracking services may provi ded. One or nore devices
currently inactive in capillary network A 721 may be used to track the

| ocation of a device with an unknown |ocation or with no | ocation tracking
capability belonging to capillary network A 721. A request to track a
device with unknown | ocation may be handl ed by CGN 710 by first identifying
one or nore devices with known | ocation or tracking |ocation capability and
W th RAT capability conpatible with the device with the unknown | ocati on.
The |dent| f| ed deV| ces may actl vate the corrpatl bI e RAT and may start
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100761 Capillary networks services discovery assistance may be provi ded.
Using fused information, including information relating to

avai | abl eworrgovasgo7ser vices on a plurality of RATs of theCtaskéliaees3l

net wor ks” CGW 710 may assist a device (or devices) froma capillary network
to enable a specific RAT and use a service. This may be useful in order to
share peer-to-peer applications (e.g., gam ng). For exanple, upon entering
a home or after turning on a smartphone, the device may attach to CGW 710

t hrough the commo ical erface on .at achlng, t he
s § phone g P ar Rcin B L et s SuP st bt BRle N IRE" 1
capablI|tnbsxmﬁx&mwikmhnﬁyammmégaﬁﬂlﬂﬁheﬁﬁbugemwmneﬁam@&bNMbmwes repository
et he (I EaRA 0680 FROWA MBI RN 48! O RLARERETAD and
issue a direc response“to smart phone mn service o ferlngs inits
vicinity, dagedingnl ndrerddit.ce' s preferences/capabllltles The snart phone
Ty 0% TEAe Wz Ol b AELNG S 9L O3 hOE AHENRLORAARS b bALC B! LN DY
CGW 710. After a user se€lects an ohgol hg service, f CGW 7 may
assi st t hecogwniegipbiyaemil 09 of Heurg Yt A lilcujah wae%éotlhéesgé?ﬁeﬂr baaerduswgenpl ace and

provide a @FE@@JS&@EH @ﬂﬂl B?/rwa§ ofﬂéx%ﬁ@% the%%l}?lngieﬁﬁ%dﬁﬁd%l{)vgl?reﬁreln&ct@-t I on map
on the physical hone |ayo he user i s noving the | ocation

(e.qg., a ragfssily I?%iéls?\?ﬁfé’@)ca%té @@hlfeﬁére@%ﬁec ude Ifllﬁil@?ﬂg)w%ﬂe%m&ﬁeﬂaa@l%et oot h

net wor k, G oldihaBMi@s Shid hetlybi@s, RS RO BasbdorR BRI 160G sich & WBIMERL 00t h RAT,
whi ch by default may be disabled, and configure it with the channels to use

and the cﬁyﬁﬂgFBﬁ%ﬁﬁ?ﬁahg@hﬁ%ﬁééyﬁﬁ%@ﬁ%@BP ompypicadipas (FHM b fBhapss) DRRve a f ast
associ at i Outds @or GBI Blome&qebt}m&tdwckesmw&k EBR 0 mtinde cff@&t:tngaaﬁﬁ start

experience_to th illa net. ation

oabF st anc Pl Latiey EER At Peds AU A ey Tase R T S eaand ¢ aw
data to hedop.1fpriAN, mleeﬁémsmm%o Afcea Neajirl (ULAREANN @ MAoYdkancel (QTE- by
ﬁHXIﬁlZIng r m apillary
net wor ks né@eﬁgggwg 3@%%% 3?r|e g@@%égﬁ Orm&Om?i“%Wﬁ¥ggmn%ﬁg%ﬁ¥gﬁcess
prot ocol (®mgupica@SMA CA). If a centralized entity, such as a CGWN is
present, it m Ssi |
algorithmin aYOrQEﬁb%?ggg 1283 d§ag% Ok%e&gﬁplé\&g Qﬁgﬁsﬁ%%%é%méc%%

provi di ng @noreaiselosi gttlbositmeu@myb,e1tnolelabﬂte@1vcﬂeIcmnmenica@@mstem)umdt@ asting a
jamm ng si gchsé hat%) vl &Lt&ﬁ%ﬁ&%? gtﬁéé' &R, xtlﬁkgtmc%sagﬁ% 3%0%&:9& eh:aﬁ)
occurred, nay e ate the need request -

cl ear-to- srélﬁeplf(wee)smsy The W@@iomﬁgste@)%@ mgnerieblngribplo adedess teriée dynani c
MAC par amefcksSséioflent t}ﬁdﬁgﬁﬁl@sh%ﬁng of wst\%m'i@&lréegl%dﬁ@ﬁg {/P8est Min@%iafl 1RFE spaci ng
paraneters, the random backoff paraneters after sensing a busy channel)
wher e t he CERVIFrH CRRBUTGEONR SiRNE YR mBY ey oapPIsEeRhaA ageses 1as8iods w&h pr of i | e

to tailor RIRBARLBA SuitiPle QL (CIHNAATBXE Bl/Zi6n ﬁlﬁ'lﬁﬁlé‘Qﬁ@y(me/[A)”fréQhé?ibyZ&wsmn
interference; or 4) augnenting the basic orithmby reserving a

portion ofm‘f’ilf&”ﬁfé%@P >w§§%a?%EEMMOSDMéﬁﬁﬁ@ea%§?5ﬁw@85@ 8% control

wher e t he 1R&W may nanage capaC|ty requests from ADs, and aSS|gn capacity

based on any n of metrics cIudin but not |n1te i rness and
based on_any MIRET QlELILES ol DELUCORLRUL 1L At £ A0 Ll ness and
| oad nanagﬁnﬁmmfmmehmﬁ(W@Rubhanylmemmnmks1XE@anﬁmaﬁphaawakzkﬂmhﬁw4de0|de to
F]Z?\I’/\(I’)?Eg?n ogeca N rk 1§6é/%%hc swr[che'd-!-liI Ph%lg_n?tTV?ﬁé I%%ZFZ% L ()e:slgtarhl%‘itlpr o'%l?g%hl lary

i nt er - capidelvarks mlét thaugk it @dhrapprecated ot tbedm@ead esigtimengstewoerkgate difyeurbtier oughput
on each of Thi s may
require thathﬁﬁﬁg%%ﬁyﬁgﬁwg eﬁ%%§¥gng?&kgﬁnf (gﬁﬁgyggx_ arghﬁggmnrk
(e.qg., rou&phgﬁwbh@eermmﬁwmdé&ayegmé@neﬁomsmwmhﬂwuqh@wna@me@W@@%es etc.).
The CGW h Lr to

anot her g oh Ty T Seded e aa e 2bA, BT eEe) IRD e e, - erment
assi st anc etragemmné/er rrmyfe wgelesp gignaly apdihayripeindp wiar aquipaenit A¢F)taonabietaiond

i nterferenggy o%%il&s%béc%%ﬂuo{bag&%eﬂ@av 'teﬁeﬁho%@-Q%Q‘sclnhltd)/gnﬁlgssfs%ﬁl{ﬁi& glevices to
use directed antennas, thereby p0|nt|n energy to the desired reci |ent and
away f r om WEHRNRpieR8 nethpgk. ar?aryonblé g3 avgrefehecsameon A s telecTpiics 84 1he t ant
service may provide the necessary im2ormation to the devices (e.g.

| ocation, transmt power, etc.) through broadcast infornmation carried over
the common logical A interface. The common | ogical A protocol in these
devices may interpret the broadcast information and autononously determ ne
the direction of transm ssion. 100801 The interference nanagenent

assi stant service may provide for tine sharing of a frequency channel. The
CGWVW may coordinate a tinme sharing of a frequency channel across K capillary
net wor ks. The CENVnay prOV|de a usage schedule for t he K caplllary
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100851 A session transfer assistance service may use fused data to enable a
CGWNto control a session transfer between devices. For instance, a video
sessi on Y 2ba/ass@EAasf erred froma smart phone to a HDTV. PCHAIS3@IHR@BA1
transfer assistance service nmay nake use of the |ocation map, capability
map, and fused | oad/interference information to select the device to which
to transfer a session (e.g., target device). The CGWN nmay be responsible for
pagi ng the target device, setting up the intra-hone path fromthe broadband
nodem (or 9t her such device that receives the content) and the target

devi ce, refSrmatti ng the data to neet the service display requirenents of

t he target devi®eslante toeaminiagioskowsertsH0( mayklsd ocludeen lesFmmtigph@iMe.and abase 100861
Fi gure i I at r nt device
20, 1n ortie 2 B3 AR ol @2 R BE B B B Lol (U e
may requi reirdegdy intpyiws wolf atésast ond of he WHRUst1202a, 1803bel02d, b?QBd:talfacmtamameEsG@l 830
may be ne &@gﬁﬁuge LR GIRIE n%grisegﬁ?as R R BERANERS 2 il ﬁ?enreaqg]&aﬁwt Nt er face,

which may in e one or nore of vice attachment to
provi di ng nsevoiksd &ls/ Bayatsl pampledhedfsediaione é3l 42 K manbe dltabegwndosivar fifgnup t he

servi ces/ Gapaph Nbdele $n HNROB! LRIk Noble 818 10hREREIXES b QR 55 Rn dRL2paRe; b)
measur ement _configuration and reporting; c) RAT activation/deactivation,

wher e, for(ABxampples ke a@@vlrlfamléﬂre\ba@@ BatioRe] 2, BH Bt hearnderised ptie

snar t phonesidoR eleRed, il BOGRIBGle DB e 'bﬁke RatBhd et 901 H 4nRLVIke 2@ muthberhannel
configuration/reconfiguration as % be used in the inter-capillary network

sensi ng asBFEenarrisd bagpigiospander v eHenfEhannel of a network experiencing
high interfer erlm%]orrhaﬁasmyqorbezme&e@bbpartdf@e@am ﬂzbawlcmeltaymroklemewérces
di scovery assi stancge service where the ac vat ed E%%T i‘f
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assi st ant m@pyii dbﬁitdll&f‘(BNS)ﬁ}EblalsmydeB rarcemﬁbise wihtioh 1 0@MEl@r Me BRSstdtion (1 diehayt O

ggﬁ?: gu ?SébYGac‘:cs) sflﬁurﬁ@ tr(} mlecf\I ﬁlil(ﬁor recelv w1re ess s F%liﬂls vcvpa{}%m %%ag[}{:glﬂr&eogﬁ\ r?kné Jeglon ?rgat e(ffjxf agd

ew ¢t assi's
client asshgthandfer@pplas catli@nshosn)i Tﬂeudt nptfethet e diviied maykll deetpry. Hoet wor ks
services dj L V] r

avai | abi e Sara Mt ARSk AL ADE NG i 2y B M ML ARG e LT O

assi st ant eapphbodaneniothe bise statign U ér miyrineyde dese traﬁﬁtrvefetsl iiee prte farsadhsectom pf the

appl i cat i ony W {ma euﬁsrlmén@wbas@galmquhﬁp%@ro}&uﬁw@mm FlighBGuhpcat i on map

of the | ocation where gane i s taking Igure 9
shows an eXNBMEY gelpolagpilitpreadoe mey uttlﬁemalgﬁli? sangastyers Eoerchisepiat i c¢lunct i ons and

procedures desrfrobﬁe@kh@a@@gtéaonmhlalmlzﬁamgmlﬂwawrﬁgredaao&wmmme
capillary network 920. 910 may performcentralize ﬁﬁlgat eway functions as

descri bed H8#%|%42b, 1202, 120219@8%@@@:@@%@ VB sY Bpng ¢ Wirghist el ess

comuni cat doRhuSiY:sibeRak ﬁQQQadleqﬁ&cﬁ@\F) Rfcr&GaRE, hxgxureahkraumrmcpawwmlmbe met hods
and features descri bed above with reference to Figures 1-9. The wi rel ess

comuni cate8hels) dhearnmieiter 12hemivdResstahished Binpany UHNFpAYIcoertFhade®i al  Radi o
Access Netwark (E-UTRAN) 1005. The E-UTRAN 1005 may be connected to a

System Archite vol u SAE) .core network.(not depicted). The

2 UrraN 1005 1+ PRI A Srikiteeba fPE e B AR Rl S ROMETEE 4 § ene) 1020,
whi ch may bétigh €NBsstan aidatiay amﬁlbyaod&@dtﬁ&s chareBac¥Richeh@d Guch s CIDMaomMTUNi cat i on
wth an e in Wt h X2

i nterface. Each %A’[tﬁ:]ﬁ%ﬁ%‘ % |‘£n er 3@’& v'(\lnmf)]ﬁ%gc%f)ebs Fmtlz %ﬁn%%gAnleInt
Entity (MVEM 86ithei VERIGHEEWAR02DI2@Wma @Bferdent oadjrteetmolbdy sumanﬁla@real Al t hough
a single Y}ﬁ&lﬂe %gg‘cgmﬂ‘%%cattl Sl%g S%S‘&ﬁvrfsa @il Ry g\ﬁ@celss E ()vﬁicﬂ‘%%yy S% lﬁﬁ'ou' d be

appar ent at ‘any co Fnat ess and w re ‘ces e 1 ncl uded
in the w rted aggferfromlhicmtviidohangy MR WORYIA). WCDMAI@@S@M@OQMN@IC@@M s an
exanpl e bl i i

i ncl udi ng ﬁt?ﬁ!écog\ﬁ%%%?ﬁ%gEpe@(ﬂ%&ﬂe%éwle%s;hﬁﬁ algd? &kmg %P%jnqa hown in

Fi gure 11,inglyse PWF%HGGJJ@WM@WGC@NB@SQ@D&Ma@WeHM@ @V@@B@ﬂ\mp%h may be

confi gureqysppRer form the nmethods and features described above with

reference to Fi %ur es 1-9. 100901 In addition to the coggonents t hat
may be found i HV1t Jihinethsr eytppinent. fs biar rtesion 1319 ardli thedW ERES 13P%e E93A202916 Wit h
an optional |inked nenory 1122, at {¥®ast one transceiver 1114, an optional

battery 1120, and an antenna 1118. The processor 1116 may configured to
generate, encode, decode, and process nessages as descri bed above with
reference to Figures 1-9. The transceiver 1114 is in conmunication with the
processor 1116 and the antenna 1118 to facilitate the transm ssion and
reception of wireless conmunications. The transceiver 1114 nay be
configured to generate, transmt, and receive nessages such as those
descrlbed above wth reference to Flgures 1 9 In ‘case a battery 1120 i's
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transceivers 1119 may be configured to generate, transmt, and receive
nmessages such as those descri bed above with reference to Figures 1-9. The
eNB 1020 we 20urseBed to the Mobility Managenent EntityPEEMS20M0/0SBBBEVAY
(MVE/ S-GW 1030 which includes a processor 1133 with an optional |inked
menory 1134. 100921 Al t hough not shown in Figure 10, one or nore MIC
servers may be connected to the communi cati on system 1000 of Fi gure 10.

Al t hough Fi gures 10-11 descri be an LTE- based system LTE i s descri bed

purely by exa n d abo h reference
to Figures ai/y@p FEy %8?%}1110 %Iul cal%lvowe‘t%i f§ h agur &5 “tchsaiteUncl hide
m crocel | wl'pc;hameskteltbhs}ftmtomeffalcc 12a6mbﬁr@rLon@m<Ee¢hhnobas@) stdat Lmagvammde

net wor ks, I
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Dat a Rat esmfyamplasiit Bdio IWO@@GS(SEM}EH%‘?@B& Ae cWerddwiiistintorkerabGERAN) , | nstitute
of Electri ENoh S te of

El ectri calﬁﬂ (‘3% I ecg‘%srggﬁllﬁ\%gbé%]) needr%ge mzb&ﬁ@ Cﬁ%zé&ﬂ@v baUﬁl\l/IfIc'lté UMTI'S

Terr est ri attanfed PYOASCEAN, Inetpveipdad T 19&?); In@@ﬁé@%h%ﬁé@%@@@))bal Sstten

Di vi si on Myl Nrbtk Sorbae@e im0 (RGO rateObr G EQSIBH (érﬁﬁéj e abGE hat
supports MM comruni cati on. 100931 Figure 12A is di agram of an
exanpl e cdfkBANGatd tB&esyst em 1200 i n which one or nore d| scl osed

enbodi ments nayp1g ITAPbLIRILE h140TH S QPAMEY KelwiRRS r&s HRMe NAAOB Mayhebe a
mul tiple access systemthat provides content, such as voice, data, video,

messagi ng, SRORPE &S PaLOr exggplesgidamay iz shighle RAL dprdaciligias wisilsstini cat i ons
system 12 O&mfwtwue b cliBUrkd, fikiSas\Wiplaed ESSsidSES Bk Q1 vAIGEE S Sarfius Andcddikent

MR A A o e e s

access netibbadogysutlas EEE @A tdeswb&h@nflrﬁrbdsldcﬂlaﬁamﬁ@ﬂ(ﬂﬂ\dﬁﬁnotﬁdrrTE di vi si on

mul tiple ac T, {MJR e access
or t hogonal “I%Bi}ﬂr% St,"“osnlelgﬁJ gl cta“r’rl eﬁsw%@&eﬁ emel e(dfqne i ke.
100941 As tsthoolwpyisuchled IGEE 8RAL5 té éselbhsbmdessamomisresye&meh(m) Imyyt aheiigk ude

W reless t ~ a radio
access net%@?i%‘ﬁ?&%%%f% angi{bza?émgﬁmjrs @%géoza%g%abllzg&ggl@\?rt%%gggg el ephone
net wor k ( RSENYVCDMY8 COMYE20PhGEMABTE. LIRS\, ctanid ceitbiigira pieotalor fesitotdll &s showough i t
will De anpERei Bt ol hdghidineidhaehRe e ErBambRDlf: IFAALATR) Al Bk nuNDer

of WIRUs, base st'ations, networKks, network el enments. Each of the
WIRUs 12ozsé@tloqlz@ﬁﬁmym@éeqwle@@wcm@e Ilj@mafnlyﬂq ypike efe igvprkc B0 onf i gured to
operate and/or |q b RANE204MR bWMnlcBh B SicaB Sl iR TR bhetwBY 196y wRiEn gxaNDI €,

t he WIRUs 1202a 202b, 1202c, 1202d may be configured to transmt and/or
recei ve willeanwiee o pgark sonéeaedrfapmwﬁf‘c\foefeéiata@emlce@m HIfORTOIEIEY intinehpbi | e

station, gybibesEd o) sdiall lo@nSthwed drie lwm;stlzoza 1peBer20221 ®ed. [Pl i€ e phone,
a personal digital assistant (PDA), a. smartphone, a Ia top, a netbook, a

per sonal PG 123 miyPavils €2 ]scélﬁ% pilling é‘f‘i‘é‘EFﬁfé?"bé‘I %@P%l?ﬁeésemahd’“t Pl - 22 -
l'i ke. callid€) Qfdpdet JdARecHORTMRD GiStibIBS eRY Sli@RPerfbZlgHIBYel @LEHy fuittibiéde a base

station 121 and base 14b. he base 1214a,
T aab ey B s e sataRngubhis n%ﬁ(hﬂgﬂ?‘g’d%lwl Breteig Mt N o
| east one b4 inlaer IIM Ridsnebdai2)6 h0kn dlfba(bzmdlreﬂ:ﬂﬁﬁdmﬁlcmléramﬂ diteBR &N@gess t o

one or nore he co rk, 1206, the
P erner 15v5S TR RilehVE B o S5 E8r Pl ERRE NS ShdBOh o1
stations 1®m¢at¢d tazmmm4 belcanbxalsaeltltmww%rra@iteahncmfgy(t&TcS)e nevoMode- B, an

(aB) o wi P BB BRE o AR AT PR G PAEPLRhe FLm ERFT 2025 P12

are each depdessd as a single elenent, it will be appreciated that the base

stations 1214a Olaﬁlﬂe IMQ)FIJ 1%@111@%0@%85%é?éwak@&ﬁ{eﬁi@fﬂf‘s%@ﬂ 19 e

stations and/ or net\/\or%?eyqeerren e base station 1214a may
be part of 120}el20ANo 1o the RATRE h20%ete Intemet 12 Hk indeotbar hetvorsa e dbeRY1dhs and/ or

network el SEeRLSindile kirdQWbhed SIbhDneaRWarkD B8%rt i@ blaRd1dGAhERIsL G (B SO, a
radio network controller (RNC), relay nodes, etc. The base station 1214a

and/ or t helPB&De hstnerngs i 19y clyda 2 gigbal sy @‘dﬁe@nﬁe@w@ FAPEIH IR AT recei ve
wireless signals within a particul ar?4geographi ¢ regi on, which may be
referred to as a cell (not shown). The cell nmay further be divided into
cell sectors. For exanple, the cell associated with the base station 1214a
may be divided into three sectors. Thus, in one enbodi nent, the base
station 1214a may include three transceivers, i.e., one for each sector of
the cell. In another enbodi nent, the base station 1214a nay enpl oy

mul tiple-input nmultiple output (M M) technology and, therefore, may
ut|I|ze nultlple transcelvers for each sector of the ceII 100971 The
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may i nplenment a radio technol ogy such as Evol ved UMIS Terrestrial Radio
Access (E-UTRA), which nay establish the air interface 1216 using Long Term
Evol ut i orwQLoHY0s8s07d/ or LTE- Advanced (LTE-A). [0149] | n eChas2amooss3nent s,

t he base station 1214a and the WIRUs 1202a, 1202b, 1202c may i npl enent

radi o technol ogi es such as | EEE 802.16 (i.e., Wrldw de Interoperability

for Mcrowave Access (W MAX)), CDvVA2000, CDMA2000 | x, CDMA2000 EV- DO,
Interim Standard 2000 (IS-2000), Interim Standard 95 (1S-95), Interim

St andard 8 S- 856 d obal ste b comuni ca |ons ,
o ooy s M Re oSy S e T st e Bt TR OEEY ¢ e

l'i ke. user[d@i@ﬁh]l pr’d)‘foex)l BA3R ast thd mtemwtbﬂ)loﬂ;bi (IPninfieGCPAR Atemyprdﬁa:oasum e ess
router, nd may
utilize any S Ui ?g% Y@ﬁrﬁ? \%'r\é(agg vg? les F&%ﬁ%%%?sgq%{gg{éks 8%4?]6'_(]1 ea%c?(?’g?e!raefed bg

| ocal i zed d@reeservics petiders Far qzs#ﬂmi@ th@fletwm Hé%glay lachmmmtheacomaht\wﬂecon@cte@rrpus
and the | 'tggneolrﬁloglﬁll\gmf?&' Jﬂgsaﬁﬁ%%ﬁaﬁ AL RAR 1%&%‘%%@@% R WIRUs
1202c, 1202d % enent |o tec such EEE 802.11 to
establish a wi (8pHsSomperall O%Hﬁfe‘é(TRbTﬁ m%lm&/\ 2¢, 1l2Wdam@3@ pREFUEREEE ment , t he
base statiQfen}Zbfha ?ﬁﬁglu&ehﬁllt%%aﬂagﬂg&u e1%@%R'ﬂﬁyzdz£fﬁb@ﬁﬁ%zcalzb%ih®

t echnol ogy such as 15 to establish a wireless personal area

net wor k ( VImANdp mujtigle rassceaisestio spmavristinee tidiffeferievifslsssncisiods pepdifferssib and t he

WIRUs 1202l AR FoMRYantpld, thé RERY 1061 clshidvalin DS exA B be Céhfigured tM\CDIVA CDMA2000,
GSM LTE, LTE-A, etc. %etto establish a picocell or fentocell shown in

FIG 12A PREUBSuGVidyt Wai?ﬁta?ﬁ%ﬂlib4aﬁﬁ§}°ma%¥é’mal%?Ff‘élkllﬂf Q?%Fﬁﬁaéi&’tt?"a?f’ktgéi Pthe
I nternet 12iOhe bhfdtdiion n@bhAsEh Bidy@inpLR anlZEA BOTTEYI0 REH0IBE. F €qui red to access

be. 1 ' conmuni cliMin 17 L6 EHG EBE ALt e P08 TRHHPER Ay B T Bype of

net wor k cohd WqBUedoztmnyp)rrcmw ﬂlﬁooesmclels d&fnﬁqel\@plam @&ﬁﬂsmﬂl/ﬁe,cel&rtﬂﬂlﬁﬁt e, ee over
i nternet pr VoI I’VI a, 1202b,
1202c, 120?(?Tk ol?ro A9%g % E eclg?)6r’ eglnpe Ouc a{{%g i) fem"?f%’w llI%&’Zcont rol,
billing saemox@@smem’mﬂlﬁ dpowaltspme—l@aés GQIOB%EPQSIUO]@& sypemé@i%%b chipsetll Pionapd

I nternet con r h-1 evel
security funcf& ﬁeyalls %680 @g&ug}ggcgaéég?% ?Jggﬁlg?gm%q% ﬁg ngﬁv?n% in FIG
12A, it widf Ithelﬁ@e&ppplemr@t\fé@le tehnaining hf@ls1mmwml2®zlenﬁ>n@1m@ﬁ Qlﬁé H)@pt@cen@r wor k 1206
may be i B Gelnclead BELRRC &GRS bldssB Dty F30f rkabo P! ot he
sane RAT as thg}I 3 e r gﬁﬁ&) A felpen b%S(%rFo?S examVJ I e, ptr ad(()jrl tionto
bei ng conrfb@‘tﬁ]eségnﬁl@m@%&m RN, ppbyplity\gh neFPPIPESPS AR OGO PrP mrgop&ﬁesewm radi o

technol OQYasso&Qt%n%%Q DRE LA L Konkefd a%&oc%htﬁfﬁerbﬁpﬂh@an@&%ﬁé ﬁé%ﬂa@‘ﬁlcl\f‘éuhb anot her
RAN (not shown loying a GSM radi o technol 21 The core

net wor k 12@8! ﬁleQIP%m%}abléGafé AgayEPEMR YIS altyr?&lewllwé ineggpacirypioha 1202c,

1202d to %ﬁ&hlﬁ@@nd%ﬂﬁe 120 0ce§sb1e12|1 g‘{n ﬁt)ml]s%gllgycocﬁﬁgdéﬁ (QbRBE, pBO&WOr ks
1212. The PSTN 1208 may mcl%de circui {?ﬁséwtch opne ne%\lfilor ks t hat

provi de pl QrFP-APYY %“@P‘é’é‘?f&sﬁ’ég §%‘V‘?ﬂa’&ye°ﬂ(eﬁ>@i“§f’nal“fﬁ]éat ?I}‘}'Pl?rt ‘f‘mﬁ ¥4y i nclude a
gl obal SySdperﬁﬂleaWﬁle@é’eﬁbeﬂﬁ&ﬁ Elle FrofaNdE BN 8 ey MRblptedadile trandAiver 120beWhicles t hat

use connnn atlon t ocol s nsn155|on c ro

b ot ocol _ (TER s detpubh Siseor e et 3t b HE et R BTG Bk athl (1
in the TCFméﬁmuﬁmenmEhm@pﬁﬂ@ambm&mmhewmmh@mnaMMDmxﬂw@ﬂﬁ&aﬂﬂMSnmﬁhwde W red
or mﬁreless co cat i o] rat ed by ot her service
provi ders. 59&%E§bnpg e?%%awé?ﬁgwkma%@T%Dchmhﬁcw' 8 another core network
connected to ofd0&r Th@nrzasﬂmrdsmve\detmcth 1278 ymag hpdoofrgutddeo asmet $Adls msort he RAN
1204 or a T 12024,
T509b 1305t SBED R aﬁesmél%rﬁwﬁh%’g%%‘?%aﬁ@gsﬁg ot meh{“]"%ﬂ%%ﬁj%e
nultl-nodeﬂ@mpabuﬁm@m@ﬁnmmt@GHM$m@mWwR©@mm2@Z@nmlb@@bmwm@@@égmwﬁ©2d may

i ncl ude t ess

et vor ks oar i EPErane oy P oo e el e L s B K o 1 1
FI G 12A neymbier/detsapi qgufiaagd tquae@mmqiwréme@emw erivisiblsdigls signals foperampleda,

whi ch may gy aﬁ%he@et%hlhﬂﬂltatﬁe t%%greéeﬁig bﬁn&@@ﬁ@%&?@omﬁ’%@d% tallsnlig base
station 1214b, which an | EEE 802 radio t nol og

101041 FI GecemlaothBFépdég%ttS@ml&ﬂta@}@ﬁpmma&ﬁ t@ktaﬁwl@mweﬂz@zﬁ 1222 mgkboun i n
FIG 12B, the WIRU 1202 may i ncl ude-® -processor 1218, a transceiver 1220, a
transmt/receive el enent 1222, a speaker/ m crophone 1224, a keypad 1226, a
di spl ay/touchpad 1228, non-renovabl e menory 1206, renovable nenory 1232, a
power source 1234, a gl obal positioning system (GPS) chipset 1236, and

ot her peripherals 1238. It will be appreciated that the WIRU 1202 may

i ncl ude any sub-conbi nati on of the foregoing el ements while renaining
consistent with an enbodi nent. [0155] The processor 1218 nmay be a general
pur pose processor, a speC|aI pur pose processor, a conventlonal processor, a
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configured to transmt and/or receive any conbination of wreless signals.
101061 In addition, although the transmt/receive el enent 1222 is depicted
in FIG MBas/®5&Bngl e el enent, the WIRU 1202 may i ncl ede/tseer1/o2038er of
transmt/receive elenments 1222. More specifically, the WIRU 1202 nmay enpl oy
M MO t echnol ogy. Thus, in one enbodi ment, the WIRU 1202 may i nclude two or
nore transmt/receive elenents 1222 (e.g., multiple antennas) for
transmtting and receiving mﬁreless signals over the air interface 1216.
101071 The tr ﬁ}gel ver. 5 X t | QU el 1 dul ate the signals that
are to be ‘ion Otfansémtban PHEYT &t com 1?algcel vge Sl§nrrent 1222 and to

denodul at e t he®Dgndi zsiditlbtaalthau@ theexamteebeiweleﬂmt 122 andeididdriellél 128 aeh enent
1222. As ng g%%e%%g,ztge w‘ri@ﬁ 15’85'3% %1%9& {i&?% J;\%{ Sfdé?r%kﬁt!rec”\?éj&‘ £ARED) I}ABr'ees Thus,
the transcerver incl'ude mul p‘lle ranscel vers ror enab Ing t

WIRU 1202 SpwfodhmhnW&QUéZQZ laayrmiptov MIMQW&’ﬁsologuﬂlhs asoneRbRdineat, thEWERB02. 11
for exanpl g 1, 1nc1ude%\9(;rg%rem§sn{ﬁr&%§§a ngs% %nthltﬂﬁjlé%% )2f912 may be
coupl ed to, 8]nay recei ve user |npu e speaker/ m crophone
1224, the tr@egrlp@agM%emammqss%1gﬁélsave§}bpeymeo%feh%déd 1228 (e.g., a liquid

cr ySt al di spl ayp10%Che ﬁjdn%aivéfﬂz%ety b@Eon‘ﬁ%ﬂéﬂb foddithe s1£1§ik InhdRGo 6 ode ( OLED)
di splay unit). The processor 1218 nma so output user data to the

speaker / mi EPEHIRIRE thf?eﬁmltﬁf%evq@éfyﬁafdz 226 to dgerfuiste thefigngs @w@w@e&?&ﬁpad 1228.

I n addi ti ofe rdhfiRviRERE 88 150213 ORY aRCE B VTR ROIRLY 190 hil@Hodand store data
in, any type of suitable rrermh%é9 such as the non-renpvabl e rrermrﬁaIZOG

and/ or t hecaPa(?H‘B‘?/“aB}“é hedasesyver 539 mayrpgludsdpltipligusssss fRendipe o8 R ay i ncl ude
raﬂdom ac Cﬂs%toI&ﬁfﬁﬁﬁrﬁca{e%%ﬁu&ﬂph@dﬁsgﬂ&h}m UERB LY IEB?@Z nafommlﬂai sk, or anly |
other type o stora vice _The renova i ncl ude
o Eebser e i TR ot 2P e ety ook SRR D Ry HBGe Y af g1t o

(SD) neno rlypuu:@atacﬂonamd sﬁehi&r/ﬂrﬂck)@honb mmttm{ey@ﬂhmj bt the didphgtopehpaesodr 1218

may access, | nf.or tI store

st cal T yCrouabaagR ehe R inR: g ahul: PR OFo SRR, ot e
(not s howﬂ}he processor 1213 @083 olitpet yserdate SigrspRI/Briameppronred 224, thekqypade 224, r 0 m t he
Pover ¢ o (Rgoof R MR 1208 1R EH, ey BT by RACLRRIEE SN,
be any sui SLtquael iig] @i tm@ cf omtal}ifommqm guch hreth PRGOS mdBery BRamgdloethe t he power
source 12 3ré &EME b@rﬁ&? ‘i’%zofh% _reffBYa6l Qfe%m?q bd6 Ipa@%cﬁlﬁé ﬁaﬂoﬁleac 59 memo

ni ckel -cadm um ni ckel - zi nc ni ckel net de (N| VH) ,

lit hi um i dRAMireddenly megpgy, (ROMg,@|hae d@e fof &1y ofhefeype @Bngraory Sémegetdnecel Tre.

[OHQ The pLAGAS Bhor} 238 nﬁ?ﬁcﬁh%u@@rﬂﬁpﬂdﬂl%ddﬁle EShl@I) &Ba ﬁl@th&? Qfck 1236, which
may be configured to provide location information (e.g., |ongitude and
latitude) FagatadrHPtREnured hegkatn et eRoofMeNWHRELE? 12 834 aurei on to,

or in IieUnRfmatibton, BEQIRBIIat) rkhof e ndePS sy Reatbd bdROWTRD €200 1202 may
receive location information over the air interface 1216 from a base

station (5§72 SHEER 28pHg OBRYCT{B HQOWIN 214b) and/ or deternine its |ocation
based on the tio10919 méprb&eoﬁﬂzgmll}sfe&esz@wrfr&ﬁthepowee&e'tcvemmh@ﬁahﬂzwa or nore
near by base tatlo il appreciated that the y acquire
oenty on ;e By oy coroahRBHS hEh B cuaR T BEPERM e 1Bh et hod
whi | e r emgioRergurcoins4 ﬁﬁ}ﬂj’efanwﬂuttdbleaiﬂwmqﬂwmthe WTRU 1202. Pibﬂe’kalﬁlﬁle Tee processor
1218 may furt her I t o ot her her 1 |nclude
one or morBesorrers’ SRS il e RETHREE Bt i Sy B TS

f eat ures, AineriS¥npnigel mtalpxdtide (NiMIHY,githiuor- 1omﬂnednests)sdmeltstﬁmllcﬁy.and:me exanpl e,
the periphgrals 1238 nay include an accel eroneter, an e-conpass, a

satel lite transcei ver, a digital canera (for phot ographs or video), a

uni versal seri éﬂlllﬂuél"h( SBysopi@t § mayzplspibhecapledin thd&iPS clipseial 28 @ Wbigh ginobe

transcei V&l nf’i\%%reﬁ?(ﬂg&m{eﬁo%ﬁloﬁﬂ@%&gt on (siag %ngﬁldggf H&tmﬁg)qégaﬁmé@he Tl e

nodul at ed 10 unit pl ayer ayer, a video
game pl ayecrfthﬁrd?ﬂmlém&r{n Mfitﬂemneqrnﬁrew&ep infogpyefiop Fiem e @S chipset 1236 th$01121 FI G

12Cis a swrz@rm@lreg%m%caa&ﬁnﬁ%n&?&é i 1&&}@%09&@&&@53@5 Hatid? %Aaccor di ng
to an enbodi nent. not ed above, the RAN 1204 nay enp an E radi o

t echnol ogybaﬁedtae%%%ﬂﬁﬁ dAHB) apprieieraing g tagation beyodon ﬂl"Z@Z’éﬁ Of 1@@@%&15&%5 the air
interface 1216. The RAN 1204 may als® be in communication with the core
net wor k 1206. 101131 The RAN 1204 may i ncl ude eNode-Bs 1240a,
1240b, 1240c, though it will be appreciated that the RAN 1204 may i ncl ude
any nunber of eNode-Bs while remai ning consistent with an enbodi nent. The
eNode- Bs 1240a, 1240b, 1240c may each include one or nore transceivers for
comuni cating with the WIRUs 1202a, 1202b, 1202c over the air interface
1216. In one enbodi ment, the eNode-Bs 1240a, 1240b, 1240c may i npl enent
NEND technology Thus the ehbde B 1240a for exanpl e, ‘my use nultlple
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-27 - 1202a, 1202b, 1202c, and the |ike. The MVE 1242 may al so provide a
control plane function for switching between the RAN 1204 and ot her RANs
(not shownd 2bhiaBs@apl oy ot her radi o technol ogi es, such RETESM10/0203EDVA.
101161 The serving gateway 1244 may be connected to each of the eNode Bs
1240a, 1240b, 1240c in the RAN 1204 via the Si interface. The serving
gateway 1244 may generally route and forward user data packets to/fromthe
WIRUs 1202a, 1202b, 1202c. The serving gateway 1244 nay al so perform ot her
functions, such.as anc ori ser urin 3”% andovers,
triggeri nd“FagT ny" WRShH: agw%%wgﬁ(§S|§“avé?P7%?aﬂ%%&ctheq&fgﬂg 1202a,
1202b, 1202mmennmagmﬁ@namdbsWQnﬁa@mmmmhexMQH@&ahmenMWEM®di@mﬂammeQZb
1202c, and . 101171 The serving gateway 1244 may al so be
connected t%g% i Eﬁﬁemb?%ﬁ%§ 1246, which nmay provide the WIRUs 1202a,
1202b, 1202c mﬂﬂhﬂadbessw&pr@é&%@ﬁmmquqwmﬁdMmemmkmﬂd$Ué&“aghnhﬁ | nt er net
1210, to fgt[%d o fhofe QUATHARY @b ﬁ&%allé%}fxﬁﬁs@haﬁ B6vi LR onk Ik%Qagﬁe ety 1202¢
and | P-ena 3 evi ces. e core networ 06 may aC|I|tate
conmuni catdnéasvijgd orwislasronisetvin fRsexamge. theperipbtrels 1 Bheax oeladenat wor k 1206 may
provi de t hg . \WR\d&r, %39eangaészeps%@une%%geé;vewah@ng%ﬁe%as(f& BhofdgFapitdiol V1§é€\}b tched

net wor ks, such as the PST , facilitate communi Cati ons between the
WIRUs 120 241vers3 ol bug G{58 posinl ViRt de Vi ralfleYisgndrapscoesr.agmidn Airedsiddris devi ces.

For exanmpl gyetdot GOIR, ﬂ%ﬁ@éﬁn@e@ﬁ@d@Mrédﬂﬁin&ﬂdx%gltﬁlrmﬁ@ﬁa&‘e@ RBL pRYe o th, an
| P gateway (e.g., .an 1P mul t'i medj a subs stem (I M5) server) that serves as

an interfag OS%F%EQW“FW@ﬁéﬁpgﬂﬁﬁﬁmﬁ%a tfdkend t he PSTN 1208. In addition,
the core networi1#20€. nwls@rsﬁtéhﬂﬁgfahﬂ)fmlﬁuﬂ11@4)a21a¢he1:&92@wor112m2c with access

hat or o St e ol Bt e e RARURE PGy PhEyDELRERS M IET 1S

Al t hough fiemhalsgSo @nthuekedeit tse ‘a’ITRUdEZQM im)elsl 12020 ver tha aip@atetface WD 1&r The

conbi nat i ] | appreciate that each
feature o?@ﬁ%@gﬁf“ alsoqbeﬁn °°m¥181°'§ %W&h %? colrennegyvnof/k 1\?8% nation with the other
features and el@idntlse RAN 12@Edndyiimclude eﬂ\h)ée Bet2od $240e s240k biedgthewdlibn nmay be

i npl enment e . r din a
conput or - B fLRETEHAR 2B RS/ R 8 ol e cnBle b4 WLk B ORREAME, o1 B
of conput eenwnlétamam éhnedidaBs g0 t0e |12 m@maeh lsclghva)hesor(ntoreansmltfqrsefgr over

wi red O Wl St OMNGCHITROS 1203 o BOMBYA et %@Qgﬁac% 181c0h,3ge medi a.

Exanpl es of conputer-reada storage nedia inclu but are not limted

to, a reac dadiperEhasNydeiRAN0a, QW@M@W@@@@@@WWWGC{W Thys, thegi st er,

cache nMeniNde-B¢Mo8s q&@%;pnr mayaﬁpﬁlmtla@ydt&lﬁa% 10 tfsﬁgn%e@ess@gqmam%g Rcag i nternal
hard di sks and renovabl e @n eto-optical nedia, and gwlcal nedi a

such as CDVIREW seﬁnglk%mékﬁd%%ﬂi’&a% é@%ﬁ%@hpfethw@ré@mm;%m;al BERSEOr i N

associ at i ofsoWhibdwRof falRi18: BBMotRR WS 8- nlad bé émh%%r&t hafldlé A @sdur@gquency
transceiver for use.in a WIRU, UE, term nal ase station, RNC, or any host

conput er. manggement degsions) harylpssrpSiBesTIClRSY e £F (oD F3ke upliipiind prdorsplak g the

1. A net hogketA3 sRivaMh HE. 8255 ihs tNdiie Bs 321093 340D LIRS cotshii@add whith efe@Rdiher adi 0
access technol qQgi t t he nethod conprising: collecting information froma
first cliéﬁ?'aggnﬁﬁ Vver a first radio access technol ogy using a comon
pr ot ocol ; [0114] The core network 1206 shown in FIG. 12C may include a mobility management

gateway (MME) 1242, a serving gateway 1244, and a packet data network (PDN) gateway 1246.

While each of the foregoing elements are depicted as part of the core network 1206, it will be
appreciated that any one of these elements may be owned and/or operated by an entity other than the
core network operator.

[0115] The MME 1242 may be connected to each of the eNode-Bs 1242a, 1242b, 1242¢ in
the RAN 1204 via an Si interface and may serve as a control node. For example, the MME 1242 may
be responsible for authenticating users of the WTRUs 1202a, 1202b, 1202¢, bearer

activation/deactivation, selecting a particular serving gateway during an initial attach of the WTRUs
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fusing the information collected fromthe first client device with
informati on associated with a second client device; determ ning, based on

t he fusedwOnhovasai7don, an action to be perforned by thePCirnstoiglopeat

devi ce over a second radi o access technology to provide the assistance; and
sending an instruction, using the conmmon protocol, to the first client
device to performthe action. 2. The nethod of claim11, wherein the
first client device is associated mﬁth a first netmork and the second
client devj ci a met hod of
lam 2. i R f RS o G S TR PR et riee Pt Bhmmunt cat 1 ng
W th the seddng betwieertbe RISV 1204 ashahec RANS (gt shdven) Setconbdy othérentio tehbwalagiest o
switch a cgﬁj|%> Vﬂﬂ) 4. The method of claim1l, wherein the action
conpri ses ki I'rst Ient device perform ng a neasurenent of an operating
channel associ #léd viht dervitigeatseaydAdit rdyibe nennebteditcceach of the eNodeBs 189a 1a#bhod of

claim L Wil e kRR 1364100 SAMPHLORR 08 14 1 8LIEDLdaN 68, seanni ng for

a S|gnal fromt e second ent device an fortlng romthe
scanni ng. forward usergata mrigketsrigdreip the 3 TR sd 2 ¢p.11 203bu 2P Fre Fhecermipe Baéfi“ﬁ@ 1244&@ei vi ng an

at tachnment aléb%@r%ﬁfoth&f FHRidn8 Quhia a'ilfch&lhg @s@ﬁpl&l@svduﬁﬁ‘g 1&&%1\10&@1%511&1&%1% radi o access
t echnol ogy usi ng the conmmon grotoco nd sen an indication that the

attac hnentmggéa%@gmg gheg der glpta is available fqr thefRER Iﬁsét%%d%%b 3046 egeingher ei n

the att achpenbridReH&Stor HOWARILS ef2at 202890208 1Rfike. F adi 0 access technol ogy
capabilities a5500|ated with the first client device serV|ces of fered by

the first clieflte/Peyrvingeagviydedtpayilsabswareseed RePOR sigaay 1A tvhichi ent
devi ce. - @4 provide the WTRUs 1202a, 1202b, 1202¢ with access to packet- switched networks, such as the

Internet 1210, to facilitate communications between the WTRUs 1202a, 1202b, 1202¢ and IP-enabled
devices.

[0118] The core network 1206 may facilitate communications with other networks. For
example, the core network 1206 may provide the WTRUs 1202a, 1202b, 1202c with access to circuit-
switched networks, such as the PSTN 1208, to facilitate communications between the WTRUs 1202a,
1202b, 1202¢ and traditional land-line communications devices. For example, the core network 1206
may include, or may communicate with, an IP gateway (e.g., an IP multimedia subsystem (IMS)
server) that serves as an interface between the core network 1206 and the PSTN 1208. In addition, the
core network 1206 may provide the WTRUs 1202a, 1202b, 1202¢ with access to the networks 1212,
which may include other wired or wireless networks that are owned and/or operated by other service
providers.

[0119] Although features and elements are described above in particular combinations, one
of ordinary skill in the art will appreciate that each feature or element can be used alone or in any
combination with the other features and elements. In addition, the methods described herein may be
implemented in a computer program, software, or firmware incorporated in a computer-readable
medium for execution by a computer or processor. Examples of computer-readable media include
electronic signals (transmitted over wired or wireless connections) and computer- readable storage
media. Examples of computer-readable storage media include, but are not limited to, a read only
memory (ROM), a random access memory (RAM), a register, cache memory, semiconductor
memory devices, magnetic media such as internal hard disks and removable disks, magneto-optical
media, and optical media such as CD-ROM disks, and digital versatile disks (DVDs). A processor in
association with software may be used to implement a radio frequency transceiver for use in a WIRU,

UE, terminal, base station, RNC, or any host computer.
-08 -



8. The method of claim7, further conprising broadcasting an indicator of
an active radi o access technol ogy associated with the first client device.
9. A net W0 200/g85@81 de assi stance across networ ks usi ngPdirftiSesientossadi o
access technol ogi es, the nethod conprising: providing information to a
centralized gateway over a first radi o access technol ogy using a conmon
protocol; receiving an instruction fromthe centralized gateway to perform
an action over a second radi o access technology to provide the assistance,
wherein the instruction is received over the first radi o access technol ogy
usi ng the common protocol; and perform ng the action over the second radio

access technol ogy using the common protocol. 10. The nethod of claim
9, wherein the action conprises conmunicating with a client device and
causing the client device to switch a configuration. 11. The met hod
of claim9, wherein the action conprises perform ng a neasurenent of an
operating channel associated with a client device. 12. The net hod of

claim9, wherein the action conprises scanning for a signal froma client
device and reporting results fromthe scanning to the centralized gateway.
13. The method of claim9, further conprising: sending an attachnent
request to the centralized gateway over the first radi o access technol ogy
usi ng the common protocol; and receiving an indication fromthe centralized
gateway that the attachnent request is accepted. 14. The met hod of
claim 13, wherein the attachnent request conprises at |east one of: radio
access technol ogy capabilities, services offered, or a |ocation.
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What is Claimed:

1. A method to provide assistance across networks using different radio access
technologies, the method comprising:

collecting information from a first client device over a first radio access technology using
a common protocol;

fusing the information collected from the first client device with information associated
with a second client device;

determining, based on the fused information, an action to be performed by the first client
device over a second radio access technology to provide the assistance; and

sending an instruction, using the common protocol, to the first client device to perform

the action.

2. The method of claim 1, wherein the first client device is associated with a first

network and the second client device is associated with a second network.

3. The method of claim 2, wherein the action comprises the first client device
communicating with the second client device and causing the second client device to switch a

configuration.

4. The method of claim 1, wherein the action comprises the first client device performing

a measurement of an operating channel associated with the second client device.

5. The method of claim 1, wherein the action comprises the first client device scanning

for a signal from the second client device and reporting results from the scanning.

6. The method of claim 1, further comprising:
receiving an attachment request from the first client device over the first radio access
technology using the common protocol; and

sending an indication that the attachment request is accepted.

7. The method of claim 6, wherein the attachment request comprises at least one of:
radio access technology capabilities associated with the first client device, services offered by the

first client device, or a location associated with the first client device.
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8. The method of claim 7, further comprising broadcasting an indicator of an active radio

access technology associated with the first client device.

9. A method to provide assistance across networks using different radio access
technologies, the method comprising:

providing information to a centralized gateway over a first radio access technology using
a common protocol;

receiving an instruction from the centralized gateway to perform an action over a second
radio access technology to provide the assistance, wherein the instruction is
received over the first radio access technology using the common protocol; and

performing the action over the second radio access technology using the common

protocol.

10. The method of claim 9, wherein the action comprises communicating with a client

device and causing the client device to switch a configuration.

11. The method of claim 9, wherein the action comprises performing a measurement of

an operating channel associated with a client device.

12. The method of claim 9, wherein the action comprises scanning for a signal from a

client device and reporting results from the scanning to the centralized gateway.

13. The method of claim 9, further comprising:

sending an attachment request to the centralized gateway over the first radio access
technology using the common protocol; and

receiving an indication from the centralized gateway that the attachment request is

accepted.

14. The method of claim 13, wherein the attachment request comprises at least one of:

radio access technology capabilities, services offered, or a location.
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