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APPARATUS, SYSTEM AND METHOD FOR INITIATING WLAN
SERVICE USING BEACON SIGNALS

BACKGROUND
The invention relates in general to wireless communication systems and more

specifically to managing wireless local area network (WLAN) services to multimode
wireless communication devices.

Wireless local area networks (WLANs) and wireless wide area networks
(WWANSs) provide wireless communication services to portable communication devices
where the WLANS typically provide services within geographical service areas that are
smaller than the geographical areas serviced by WWANSs. Examples of WWANSs include
systems that operate in accordance with 2.5G (such as cdma2000), 3G (such as UMTS,
WiMax), and other types of technologies, where each base station of the WWAN is
typically designed to cover a service area having a size measured in miles. The term
WWAN is used primarily to distinguish this group of diverse technologies from WLANs
that typically have smaller service areas on the order of 100 to 300 feet per base station.
Base stations in WLANSs are often referred to as access points. An access point may be
connected to the Internet, intranet, or other network through wires or wirelessly through a
WWAN. Examples of WLANSs include systems using technologies such as Wi-Fi and
other wireless protocols in accordance with IEEE 802.11 standards. WLANS typically
provide higher bandwidth services than WWANSs at the expense of non-ubiquitous
coverage whereas WWANSs provide increased coverage areas at the cost of bandwidth
and/or capacity. In order to provide a wireless user with the increased overall
performance and continuous connectivity, multimode mode wireless communication
devices have been developed allowing the multimode wireless communication device to
access the particular type of network that provides the most desirable tradeoffs. A
multimode wireless communication device includes the appropriate components and
functionality for communicating within more than one network. For example, a dual-mode
wireless communication device can communicate within a WWAN and a WLAN.

Unfortunately, conventional techniques for managing the connection status
between the multimode wireless communication device and the access point are limited in
that they require GPS location information or include inefficient searching mechanisms
executed by the multimode wireless communication device in order to establish service
with a new network for performing a handoff between networks. For example, some

conventional systems require the multimode wireless communication device to
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periodically tune to an alternate network channel in an attempt to detect an alternate
network resulting in significant power consumption with a limited success rate of detecting
alternate networks.

Accordingly, there is a need for an apparatus, system, and method for initiating
handoffs of a multimode wireless communication device from a WWAN to a WLAN.

SUMMARY

An access point transmits a beacon signal when a multimode Wireless
communication device is within a maximum proximity of the access point. A wireless wide
area network (WWAN) receiver in the access point monitors a WWAN uplink channel
used by the multimode wireless communication device to communicate with a WWAN
base station. The access point determines, or at least estimates, a proximity of the
multimode wireless communication device to the access point based on a received
WWAN uplink signal transmitted by the multimode wireless communication device. If the
proximity is less than a proximity threshold, the access point transmits the beacon signal.
The beacon signal at least indicates the presence of the access point and, in some
circumstances, includes instructions or information to assist in a handoff from the WWAN
to the WLAN.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a communication network arrangement in accordance
with the exemplary embodiment of the invention.

FIG. 2A is an illustration of an originating geographic area encompassing a
geographic service area.

FIG. 2B is an illustration of an originating geographic area overlapping with a
geographic service area.

FIG. 2C is an illustration of an originating geographic area adjacent to a
geographic service area.

FIG. 3 is a block diagram of the access point connected to the WWAN
communication system in accordance with the exemplary embodiment.

FIG. 4 is a flow chart of a method of managing wireless service to a multimode
wireless communication device in accordance with the exemplary embodiment.

FIG. 5 is a flow chart of a method of monitoring a WWAN DL channel at a wireless
access point where the WWAN system operates in accordance with in accordance with
the IEEE 802.16 standard.

FIG. 6 is a flow chart of an exemplary method of managing wireless resources

where the WWAN system operates in accordance with the IEEE 802.16 standard.
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FIG. 7 is a block diagram of the communication network arrangement where the
multimode wireless communications device receives a beacon signal from the access
point on a WWAN downlink channel.

FIG. 8 is a flow chart of an exemplary method of managing a handoff using a
beacon signal.

DETAILED DESCRIPTION

FIG. 1 is a block diagram of a communication network arrangement 100 in
accordance with the exemplary embodiment of the invention. The access point 102
provides wireless local area network (WLAN) service to one or more multimode wireless
communication devices 106 within a first geographic area and a base station 108 of a
Wireless Wide Area Network (WWAN) communication system 104 provides WWAN
service to one or more multimode wireless communication devices 106 within a second
geographical area. As described above, the term WWAN is used primarily to distinguish
this group of diverse technologies from WLANs that typically have smaller service areas
on the order of 100 to 300 feet per base station. Accordingly, the WWAN communication
system 104 is any system that provides wireless communication services within relatively
large geographical areas as compared to WLANs. Examples of WWAN systems 104
include cellular communication systems that provide cellular communication services
through at least one base station 108 connected to a WWAN infrastructure 110 such as a
cellular system infrastructure (110). The WWAN infrastructure 110 may include one or
more core networks that are connected to a global network such as Internet Protocol (IP)
network or public switched telephone network (PSTN). In the exemplary embodiment, the
WWAN communication system 104 operates using packet switching communication
techniques. In such systems, the communication infrastructure is a packet switched core
network and includes an access gateway for interfacing to WLANSs using IP signaling. The
WWAN communication system 104, however, may operate in accordance with circuit
switched communications in some circumstances. The WWAN communication system
104 may operate using any of numerous protocols and schemes. Examples of some
Code Division Multiple Access (CDMA) standards include cdma2000 1X, 1xEV-DO, and
W-CDMA. In some circumstances, the WWAN communication system 104 may operate
with other standards such as OFDM based standards or GSM standards, for example. In
the embodiment discussed below, the WWAN communication system 104 is an OFDM
system that operates in accordance with IEEE 802.16(e) standards often referred to as
WiMax. The various functions and operations of the blocks described with reference to

the WWAN communication system 104 may be implemented in any number of devices,
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circuits, or elements. Two or more of the functional blocks may be integrated in a single
device and the functions described as performed in any single device may be
implemented over several devices. For example, at least portions of the functions of the
WWAN infrastructure 110 may be performed by the base station 108, a base station
controller, or the MSC in some circumstances.

The access point 102 includes a WLAN interface 112 for communicating with
multimode wireless communication device 106 and a WWAN interface 114 for receiving a
UL WWAN signal 116 and transmitting a beacon signal 118. As discussed below, the
WWAN interface 114 also intercepts down link (DL) WWAN signals transmitted by the
base station 108 in the exemplary embodiment. The WWAN interface 114, therefore,
includes any combination of hardware, software and/or firmware adequate to at least
detect WWAN UL signals and to transmit the beacon signal 118 to the multimode
wireless communications device 106 and the WLAN interface 112 includes any
combination of hardware, software and/or firmware adequate to at provide wireless
WLAN service to one or more WLAN devices.

The multimode wireless communication device 106 is any type of communication
device that is capable of communicating with at least one WLAN network 120 and at least
one WWAN system 104. The multimode wireless communication device 106, sometimes
referred to as an access terminal, may be a wireless modem, a personal digital assistant,
dual mode cellular telephone, or other such device.

The access point 102 facilitates communication to a WLAN 120 and the WWAN
communication system 104 facilitates communication to a WWAN 122, where the
multimode wireless communication device 106 is capable of communicating on both of
the networks WLAN 120, WWAN 122. The multimode wireless communication device
106 can access wireless services provided by either of the networks WLAN 120, WWAN
122 when resources are available on the particular network and signal quality is
adequate. In the exemplary embodiment, the multimode wireless communication device
106 may access both networks 120, 122 simultaneously under certain conditions. In
some circumstances, however, the multimode wireless communication device 106 may
be able only to access one of the networks WLAN 120, WWAN 122 at any given time. In
another scenarios, the multimode wireless communication device 106 may be able to
access only control channels of the WWAN network 122 but have full access of WLAN
network 120 or vice versa. The clouds shown in FIG. 1 symbolize networks and do not
necessarily illustrate service coverage areas of the networks WLAN 120, WWAN 122.
For example, as discussed with reference to FIG. 2A, FIG. 2B and FIG. 2C below, the
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geographical service coverage area of the WWAN 122 may include, or partially overlap,
one or more WLAN 120 service coverage areas provided by one or more access points
102. Further, the service coverage area of the WWAN 122 may have areas with poor
quality service coverage or areas where no WWAN 122 service is available. These areas,
however, may have good service coverage from a WLAN 120. Such a scenario may
occur where the WLAN service coverage is within a building such as an office or home
and the WWAN service coverage is generally available in the area of the building but
lacking within the building due to walls and other signal obstructions. In addition to other
advantages, managing wireless services in accordance with the exemplary embodiments
maximizes the quality of the wireless services provided to the multimode wireless
communication devices 106 while minimizing interference with and between networks.

Based on one or more characteristics of the UL WWAN signal 116, the access
point 102 determines the proximity of the multimode wireless communication device 106
to the access point 102. If the proximity is less than a proximity threshold, the access
point 102 transmits the beacon signal 118. The multimode wireless communication device
106 receives the beacon signal 118 and, depending on one or more factors, may initiate a
handoff process from the WWAN 122 to the WLAN 120 where the process may include
forwarding information to the WWAN 122 based on the beacon signal 118. In the
exemplary embodiment, the multimode wireless communication device activates a WLAN
receiver within the wireless communication device 106 and attempts to detect WLAN
signals transmitted by the access point 102. By only transmitting the beacon signal 118
when the presence of a multimode wireless communication device is detected,
interference due to the beacon signal 118 is minimized and/or collisions are avoided with
other beacon signals transmitted by other AP in the same region. Accordingly, the beacon
signal 118 is illustrated in FIG. 1 with a dashed line to indicate that the beacon signal 118
is not continuously transmitted. Since the beacon signal 118 is transmitted within the
WWAN frequency band, the multimode wireless communication device 106 does not
need to activate WLAN circuitry to search for WLAN systems until the beacon signal 118
is detected. Accordingly, power consumption in the multi-mode wireless communication
device 106 is minimized.

FIG. 2A, FIG. 2B and FIG. 2C are depictions of exemplary geographical service
area relationships 200, 206, 208 provided by the base station 108 and the access point
102. An originating geographical service area 202 provided by the base station 108 and a
WLAN geographic service area 204 provided by the access point 102 may have any of

numerous shapes, sizes, and configurations. Accordingly, the clouds representing the
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service areas generally illustrate the relationships between the service areas and do not
necessarily depict the actual shapes of the service areas. Further, the service areas may
contain holes of coverage where service is unavailable. In the interest of clarity and
brevity, such features are not illustrated in the figures. In FIG. 2A, the service area 204 of
the access point is completely within the service area 202 provided by the base station
108. In most situations, the service area 204 of the access point 102 will be completely
within the service area 202 of the base station 108. In some situations, however the
service area 204 may be partially overlapping with the service area 202 as shown in FIG.
2B or may be non-overlapping but adjacent to the service area 202 as shown in FIG. 2C.

FIG. 3 is a block diagram of the access point 102 connected to the WWAN
communication system 104 in accordance with the exemplary embodiment. The access
point 102 includes the WWAN interface 114 for communicating with the WWAN system
104, receiving the UL WWAN signal 116 and for transmitting the beacon signal 118. In
the exemplary embodiment, the WWAN interface 114 includes a network interface 302, a
WWAN receiver 304 that includes a WWAN uplink receiver (WWAN UL receiver) 306
and a WWAN downlink receiver (WWAN DL receiver) 308 as well as a WWAN downlink
transmitter (WWAN DL TX) 310. The WLAN interface 112 provides WLAN service to one
or more WLAN communication devices such as the multimode wireless communication
device 106. The access point 102 further comprises a controller 312 coupled to the
WWAN interface 114 and the WLAN interface 112. The controller 312 performs the
control functions described herein as well as performing other functions and facilitating
the overall operation of the access point 102. The controller 312 is connected to, or
includes, a memory 314 that may include one or more random access memory (RAM)
and/or read only memory (ROM) memory devices. The WLAN interface 112 includes a
WLAN receiver 316 for receiving uplink (UL) WLAN signals 318 and a WLAN transmitter
320 for transmitting WLAN downlink signals 322. The signals 318, 322 are transmitted
and received in accordance with a WLAN protocol. Examples of a suitable WLAN
protocols include protocols in accordance with the IEEE 802.11 protocol and wireless
fidelity (WiFi). In some circumstances, the access point 102 may also include a wired LAN
interface (not shown) for communicating with devices connected to the access point 102
through wires.

As explained above, the WWAN interface 114 includes a WWAN receiver 304 that
can be configured to at least to receive uplink WWAN signals 116 transmitted from a
multimode wireless communication device 106. The WWAN interface 114 is also

configured to send the beacon signal 118 to the multimode wireless communication
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device 106 on a WWAN downlink channel in the WWAN downlink frequency band. In the
exemplary embodiment, the WWAN receiver 304 can be configured as the uplink WWAN
receiver 306 for receiving the uplink WWAN signals 116 and as the downlink WWAN
receiver 308 for receiving WWAN downlink signals 324 from a base station 108. In some
circumstances, two separate WWAN receivers may be used to implement the functions of
the WWAN uplink and downlink receivers 306, 308 while in other situations, the same
receiver may be tuned to different frequencies to perform the functions of the two
receivers (306, 308). Also, in some implementations, the capability to receive WWAN
downlink signals 324 may be omitted.

The network interface 302 exchanges messages with an access router 326 and
an Internet protocol (IP) network 328. The network interface 302 provides packet data
communications and facilitates access to the Internet and to an access gateway 330 in
the WWAN infrastructure 110 through the access router 226. In some circumstances, at
least portions of the network interface 302 may be implemented separately from the
WWAN interface 114. The access router 326 may be connected to several access points
102 and provides communication management and control functions to the WLAN. In
some situations, the access router 326 may be implemented within an access point 102
or may be eliminated. Also, in some circumstances, the connection between the access
gateway 330 and the access point 102 may include a wireless communication link such
as satellite communication link or point-to-point microwave link, for example.

In addition to other information, the memory 314 stores communication device
identification values corresponding to each multimode wireless communication device 106
that is authorized to use the access point 102. The multimode wireless communication
device 106 identification value may include an electronic serial number (ESN) or other
unique data. An example of a group of identification values stored in memory includes a
collection of ESNs corresponding to the multimode wireless communication devices 106
of the family members of a household where the access point 102 provides WLAN
service. The identification values may be stored at the access point 102 using any of
numerous techniques. An example of a suitable method of storing the values includes
storing the values during an initialization procedure performed when the access point 102
is installed. In some implementations, the identification values may be omitted or the
access point 102 may allow multimode wireless communication devices 106 that do not
have corresponding identification values stored at the access point 102 to receive WLAN

service from the access point 102.
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The access point 102 monitors the uplink WWAN channel(s) that may contain an
uplink WWAN signal 116 transmitted from a multimode wireless communication device
106 that is not currently receiving WLAN service from the access point 102. The uplink
WWAN receiver 304 is tuned, or otherwise configured, to receive the uplink WWAN
signals 116. Based on one or more received WWAN UL signals 116, the controller 312
determines the proximity of the multimode wireless communication device 106 to the
access point 102. An example of suitable technique for determining the proximity includes
evaluating a power level of the received UL WWAN signal. In some circumstances, the
detection of a UL WWAN signal from the multimode wireless communication device 106
may be sufficient to determine that the multimode wireless communication device 106 is
within a proximity range. In the exemplary embodiment, the proximity is used to determine
whether the multimode wireless communication device 106 is possibly within range of the
access point 102 and possibly able to receive WLAN service. Therefore, the controller
312 at least determines whether the communication device is possibly within WLAN
range of the access point 102. The controller 312 may determine whether to transmit the
beacon signal 118 based on factors other than power level of the signal. For example,
factors may include only the power level of the WWAN UL signal or on a factor based
solely on the WWAN UL receiver's 304 ability to decode the incoming UL signal. The
beacon signal 118 transmission may result in an attempt by the multimode wireless
communication device 106 to acquire wireless service from the access point 102 in the
exemplary embodiment. The determination to transmit the beacon signal 118, therefore,
may be based on other criteria in addition to the proximity. For example, the decision to
transmit the beacon signal 118 may be based on access point capacity, available
bandwidth, and/or current bandwidth requirements of the multimode wireless
communication device 106. Therefore, any of numerous criteria may be used to
determine if WLAN service should be acquired by the multimode wireless communication
device 106 where the criteria may include conditions related to the capacity of the access
point 102 and/or the requirements of the multimode wireless communication device 106.

Any of several techniques may be used to determine the proximity of the
multimode wireless communication device 106 based on the WWAN UL signal. In the
exemplary embodiment discussed below in further detail, a downlink WWAN signal
transmitted from the base station 108 to the multimode wireless communication device
106 is intercepted by the access point 102 and decoded to determine uplink scheduling
information. Based on the difference in received power and transmitted power of the

WWAN UL signal, the access point 102 determines the distance. The access point 102
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may also determine distance based on the difference between the arrival time and
transmission time of the WWAN UL signal. In another example, the access point 102 may
determine that the multimode wireless communication device 106 sufficiently close to
generate the beacon signal 118 if the received power level is above a threshold without
information regarding the transmission power level. Another example of a suitable
technique of determining proximity includes utilizing muiltiple antennas or smart antennas
to determine the proximity of the multimode wireless communication device 106 to the
access point 102 based on the uplink WWAN signal transmitted by the communication
device 106. For example, beam-forming antennas may provide distance information to
allow the controller to determine whether the multimode wireless communication device
106 is within the WLAN service area. Other techniques or combinations or techniques
may be used. For example, in some circumstances, a multimode device may transmit a
geographic location of the multimode communication device with respect to the WWAN
BS using GPS/AFLT methods. The access point may intercept the transmission to the
WWAN base station and retrieve the GPS information which is used to determine the
proximity of the multimode wireless communication device. In other circumstances, the
GPS information may be forwarded from the WWAN base station to the access point at
the request of the access point.

In the exemplary embodiment, the WWAN infrastructure 110 comprises a packet
switched core network that includes at least one access gateway 330. The access router
326 may be connected to the access gateway 330 using any combination of wired and
wireless connections. Examples of suitable connections include T1 lines, fiber optic cable,
coaxial cable, and point-to-point microwave. The access gateway 330 is a communication
interface that allows the access point 102 to communicate with the WWAN infrastructure.

During operation, information regarding the power level is determined by
intercepting the WWAN DL signals 324 that contain uplink scheduling information
corresponding to each multimode wireless communication device 106. In the exemplary
embodiment, information is extracted from the UL MAP transmitted in the WWAN DL
signal. The controller 312 maintains a frequency and timing information for uplink
transmission for each multimode wireless communication device 106 associated with
each stored identification value. Also, signal timing information extracted from the
downlink WWAN signal may be used to calculate a WWAN UL signal propagation time of
the WWAN UL signal and, therefore, the proximity of the multimode wireless
communication device 1086. In the exemplary embodiment where the WWAN system is an

OFDMA system, multimode wireless communication device 106 transmission power level
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is the same for each multimode wireless communication device106 unless adjusted by
the OFDMA system. During system initialization of the access points, the default power
level is stored in memory 314. Any adjustments to the transmission power level for a
particular multimode wireless communication device 106 are forwarded to the access
point 102 and updated in memory 314. In some circumstances, transmission power level
updates may not be available and the access point 102 uses the default values for
proximity calculations. The access point 102 determines the proximity or a proximity
estimate based on the measured propagation loss of the transmitted uplink signal and
propagation time. In some situations, a combination of propagation time, propagation
loss, and other parameters may be used to determine the proximity.

After determining the proximity of the multimode wireless communication device
106 to the access point 102, the controller 312 determines whether the access point 102
should provide WLAN service to multimode wireless communication device 106. If the
controller 312 determines that the access point 102 should provide WLAN service to the
multimode wireless communication device 108, the controller 312 generates a beacon
signal 118 which is transmitted by the WWAN DL transmitter 310 configured in
accordance with the WWAN communication system 104 technology. For example, if the
WWAN technology is OFDM, the beacon signal 118 modulates an OFDM tone (sub-
carrier) on the WWAN downlink with a conventional modulation scheme such as for
example, quadrature amplitude modulation (QAM), quaternary phase shift keying QPSK
or another similar scheme, at a low symbol rate maintaining data rates similar to
conventional single-carrier modulation schemes.

In the exemplary embodiment, the access point 102 autonomously determines
that the beacon signal 118 should be transmitted to allow the multimode wireless
communication device 106 the ability to detect the access point 102. In some
circumstances, the analysis and determination to transmit the beacon signal 118 may be
at least partially performed by a network entity such as a WLAN network controller or a
WWAN controller. For example, after detecting the presence of a multimode wireless
communication device 108, the access point 102 may report the identity of the detected
multimode wireless communication device 106 to the WWAN infrastructure 110. If the
WWAN infrastructure 110 determines that a handoff should not be performed,
instructions are transmitted to the access point 102 indicating that the beacon signal 118
should not be transmitted. In other situations, the beacon signal 118 is transmitted and
the decision to perform a handoff if performed by the network after the multimode

wireless communication device 106 detects the beacon signal 118. Further, in some
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situations, the multimode wireless communication device reports only the signal-quality of
the beacon. Also, the beacon signal may not target the multimode device. For example,
the beacon may only include generic information not specific to the multimode wireless
communication device such as WLAN identifier. After the beacon signal is transmitted by
the access point and detected by the multimode wireless communication device 1086, the
multimode wireless communication device 106 activates a WLAN receiver to search for
the access point 102. To detect the beacon signal 118, the multimode wireless
communication device 106 appropriately demodulates and decodes the beacon signal
118. In response to receive the beacon signal 118, the multimode wireless
communication device 106 activates and tunes a WLAN interface 112 to search for a
WLAN signal in accordance with known techniques. In some situations, the multimode
wireless communication device 106 may report the detection of the beacon signal 118
and/or the detection of the WLAN network 120. In response the WWAN infrastructure
(core network) 110 sends an instruction to the multimode wireless communication device
106 indicating that the multimode wireless communication device 106 should search for
the specific access point 102 that sent the beacon 118. In other situations, the WWAN
infrastructure (core network) 110 may instruct the multimode wireless communication
device 106 to acquire WLAN service. Therefore, the decision to perform the handoff may
at least partially be performed by the WWAN or WLAN in some situations.

In some circumstances, therefore, information may be sent to the WWAN
infrastructure 110 that notifies the WWAN 122 that WLAN service may be available to the
multimode wireless communication device 106. This information includes at least
information identifying the multimode wireless communication device 106 that results in
an interpretation by the WWAN infrastructure 110 that WLAN service may be available to
the muitimode wireless communication device 106. The information, however, may
include additional data such as, for example, information identifying the access point 102,
the calculated or estimated proximity of the multimode wireless communication device
106 to the access point 102, and available capacity on the access point 102. Access point
102 identification information may include a SSID of the access point 102. Further,
information conveyed to the WWAN 122 may contain security protocol that assists the
core network 110 in identifying the access point 102. The WWAN infrastructure 110 may
perform additional analysis to determine what instructions, if any, will be sent to the
multimode wireless communication device 106. In some situations, the WWAN
infrastructure (core network) 110 sends an instruction to the access point 102 indicating

that the access point 102 should transmit the beacon signal 118.
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FIG. 4 is flow chart of a method of managing wireless service to a multimode
wireless communication device 1086 in accordance with the exemplary embodiment. The
method may be performed by any combination of hardware, software and/or firmware.
The order of the steps discussed below may be varied and one or more steps may be
performed simultaneously in some circumstances. In the exemplary embodiment, the
method is performed, at least in part, by executing code on the controller 312 in the
access point 102.

At step 402, the WWAN uplink (UL) channel is monitored. In the exemplary
embodiment, the WWAN UL receiver 306 is tuned to decode any WWAN UL signals 116
transmitted from any of the multimode wireless communication devices 106 in the user
list. The uplink scheduling information enables more efficient UL monitoring. The access
point 102 may detect multimode wireless communication devices 1086 that are not in the
user list but will not be able to decode the signals without identification information in the
exemplary embodiment. In some circumstances, however, the WWAN UL receiver 306
may be configured to monitor all UL channels.

At step 404, it is determined whether the WWAN UL receiver 306 has received a
WWAN UL signal 116. In the exemplary embodiment, the controller 312 determines
whether a WWAN UL signal 116 has been received from a multimode wireless
communication device listed in the user list. If a WWAN UL signal 116 has been received,
the method continues at step 406. Otherwise, the method returns to step 402 to continue
monitoring the WWAN UL channels.

At step 406, the proximity of the communication device 106 to the access point
102 is calculated. The proximity calculation may be based on any number of parameters
or characteristics of the received WWAN UL signal 116 as well as other factors.
Examples of suitable parameters include parameters related to signal power level and a
timing offset between a transmission and reception times. Other related factors may
include transmission power level, location of one or more WWAN base stations 108 and
information extracted from WWAN UL signals 116 and WWAN DL signals 324 such as
time stamps, power level indicators, and power control indicators. In some circumstances,
the proximity is based only on a detection of the WWAN UL signal 116. The particular
factors and calculation techniques depend on the type of WWAN communication system
104. An exemplary technique suitable for an OFDM based system IEEE 802.16(e) is
discussed with reference to FIG. 5 below.

At step 408, it is determined whether a beacon signal 118 should be transmitted.

Although the determination may be based solely on the proximity of the multimode
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wireless communication device 106 to the access point 102, other factors may be
considered in some circumstances. For example, the determination may be based on
whether the multimode wireless communication device 106 should acquire WLAN service.
Examples of other factors include the capacity of the access point 102, the required
bandwidth required by the multimode wireless communication device 106, the current
cost of the WWAN service and the estimated motion of the multimode wireless
communication device 106. If the controller 312 determines that WLAN service should be
acquired, the method continues at step 410, otherwise, the method returns to step 402. In
some circumstances, this step may be omitted and the access point 102 may send
information regarding the detection of the multimode wireless communication device 106
to the WWAN 122 with other information to allow the WWAN system 104 to make the
determination of whether a multimode wireless communication device 106 should acquire
WLAN service from the access point 102.

At step 410, a beacon signal 118 is sent to the multimode wireless communication
device 106 on the WWAN down link channel within the downlink frequency band.

FIG. § is a flow chart of a method of monitoring a WWAN DL channel at an
access point 102 where the WWAN system 104 operates in accordance with OFDM
techniques. The exemplary method operates within an OFDMA system that functions in
accordance with IEEE 802.16(e) protocols. The method described with reference to FIG.
5 is an example of suitable technique for acquiring information that allows the access
point 102 to monitor the uplink WWAN channels. As discussed with reference to FIG. 5
and FIG. 6, the downlink (DL) WWAN signal and WWAN DL channel are referred to as
downlink (DL) signals and downlink (DL) channels and correspond to communications
from an OFDMA base station 108, sometimes referred to as an access node (AN), to the
multimode wireless communication device 106. As discussed with reference to FIG. 5 and
FIG. 6, uplink (UL) WWAN signals and WWAN UL channels are referred to as uplink (UL)
signals and uplink (UL) channels and correspond to communications from the multimode
wireless communication device 106 to the OFDMA base station 108. As is known, |IEEE
802.16(e) standards (WiMax) can operate in a time division duplex (TDD) or frequency
division duplex (FDD) scheme. In the exemplary embodiment, the system operates in
TDD mode. Those skilled in the art will readily apply the teachings herein to implement
the system in FDD mode. In a TDD mode, each frame is split into a downlink (DL) sub-
frame and an uplink (UL) sub-frame. The DL sub-frame includes a preamble, control
information and other broadcast messages and packets. The control information includes

DL and UL MAPs. Each multimode wireless communication device 106 is assigned a
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specific set of frequencies for receiving respective data packets. Each communication
device 106 is also assigned a set of frequencies for transmitting in the UL.

At step 502, the controller 312 locates the start of a DL frame. When the start of
the frame is found, the method continues at step 404. Otherwise, the step 402 is
repeated.

At step 504, the WWAN DL receiver 308 acquires and synchronizes to the
incoming signal 324 using the DL sub-frame preamble. The WWAN DL receiver 308,
therefore, performs the functions of a DL receiver in the exemplary method.

At step 506, the Frame Control Header (FCH) is decoded to determine the DL
data burst length and coding scheme. In the exemplary method, the FCH burst is followed
by the preamble. In networks operating in accordance with IEEE 802.16(e) standards, an
uplink map (UL MAP) is a Medium Access Control (MAC) message that defines burst
start times and frequencies on the UL channels for each multimode wireless
communication device 106.

At step 508, the UL MAP is decoded. Accordingly, the received DL signals 324
provides information in the UL MAP that allows the controller 312 to determine the timing
of UL signals 116 and carrier frequencies assigned to the multimode wireless
communication device 106. In addition, the UL MAP includes user identification (ID)
information corresponding to multimode wireless communication devices 106 that are
receiving the DL signals 324 from the base station (access node) 108.

At step 510, it is determined whether one or more of the multimode wireless
communication devices 106 listed in a user list 512 at the access point 102 are contained
in the UL MAP. The user list 512 includes identification information that uniquely identifies
multimode wireless communication devices 106 that are supported by the access point
102. For example, the IEEE 802.16(e) standard uses manufacturer-issued X.509 digital
certificates to identify devices. The user list 512 is typically programmed at the time of
installation of the access point 102 and may be modified to add or remove user IDs. The
users may be members of a household that reside where the access point 102 is
installed. If no user IDs in the user list are contained in the UL MAP, the method returns
to step 502. Otherwise, the method continues at step 514. In some circumstances, the UL
MAP may not contain an explicit identification number and may include indirect
identification information that can be used to determine the identity of the multimode
wireless communication device 106.

At step 514, the control information for all of identified users is extracted from the

UL MAP or other control messages. The control information is the transmission UL control
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information that includes a UL transmission power level and a UL transmission time for
the WWAN UL signals 116 transmitted by the multimode wireless communication devices
106. The timing information corresponding to the identified multimode wireless
communication device 106 is extracted from the decoded UL MAP and stored in memory
314,

FIG. 6 is a flow chart of an exemplary method of managing wireless resources
where the WWAN system 104 operates in accordance with OFDMA based system such
as |IEEE 802.16(e) The exemplary method is performed by the access point 102 and
includes monitoring a WWAN UL channel and initiating an acquisition of WLAN service to
the multimode wireless communication device 106 based on a received WWAN UL signal
116. Using the information determined with the method discussed with reference to FIG.
4, the access point 102 monitors the UL WWAN channel and sends a WLAN acquisition
message if certain criteria met.

At step 602, the WWAN receiver 304 is tuned to the UL sub-carrier frequency
indicated by the UL map. The UL sub-carrier frequency intercepted by the access point
102 is used to tune the WWAN UL receiver 306. In some situations, a single receiver may
be tuned to both uplink and downlink frequencies. In the exemplary embodiment, the
receiver 304 can simultaneously receive UL and DL signals 116, 324.

At step 604, the characteristics of the received UL WWAN signal is measured. In
the exemplary embodiment, the controller 312 determines the power level and the
reception time of the received UL signal 116. In some situations only the reception time or
the power level is determined. Using known techniques, the power of the received UL
WWAN signal 116 is measured and stored in memory 314. The reception time is
determined relative to the system time and stored in memory 314. Other signal
characteristics may be determined in some circumstances where the signal
characteristics provide information régarding the proximity of the multimode wireless
communication device 106 to the access point 102. In the exemplary embodiment, the
identification information is used to identify the multimode wireless communication device
106 only and not to decode the signals in order to minimize cost. In some
implementations, however, the identification information may be used to decode the
WWAN UL signals 116.

At step 6086, the controller 312 calculates the proximity of the multimode wireless
communication device 106 transmitting the UL signal 116 to the access point 102. Based
on the characteristics of the UL signal 116, the controller 204 determines the distance

from the access point 102 to the multimode wireléss communication device 106. Using
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the transmission time of the WWAN UL signal determined from the UL MAP and
reception time, the controller 204 calculates a propagation time of the UL signal 116. The
propagation attenuation of the UL signals 116 is determined by calculation the difference
between the transmission power and the reception power. Using either or both of the
propagation parameters, the controller 204 calculates the proximity of the multimode
wireless communication device 106 to the access point 102. For example, the distance
may be determined by multiplying the propagation time by the speed of light. The
distance may also be calculated by comparing the propagation loss to a known
propagation loss per distance function for the antennas. The distance values may be
averaged or otherwise processed to determine the proximity.

At step 608, it is determined whether the proximity of the multimode wireless
communication device 106 to the access point 102 is less than a threshold. The threshold
may be based on any of several factors and may be dynamic or static. In the exemplary
embodiment, the threshold is the maximum distance between the multimode wireless
communication device 106 and the access point 102 where the access point 102 can
provide WLAN service to the multimode wireless communication device 106. If the
proximity is less than the threshold, the method continues at step 610. Otherwise, the
method continues to step 612 where the procedure includes returning to step 402 of
FIG.4

At step 610, it is determined whether the multimode wireless communication
device 106 should acquire WLAN service. Although the determination may be based
solely on the proximity of the multimode wireless communication device 106 to the access
point 102, other factors may be considered in some circumstances. Examples of other
factors include the capacity of the access point 102, the required bandwidth required by
the multimode wireless communication device 108, the current cost of the WWAN service
and the estimated motion of the multimode wireless communication device 106. If the
controller 204 determines that WLAN service should be acquired, the transmitter 310 in
the access point 102 transmits the beacon signal 118 on the WWAN downlink to the
multimode wireless communication device 1086.

At step 612 the procedure includes returning to step 402 of FIG.4. In some
circumstances the acquisition may result in a handoff from the WWAN communication
system 104 to the WLAN network 120- In other circumstances, service may be
maintained from the WWAN communication system 104 or the multimode wireless
communication device 106 may remain registered on the WWAN communication system

104 although no user data is transmitted over the WWAN communication channels.
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Accordingly, step 610 provides an exemplary technique of performing step 412 where the
WWAN communication system 104 operates in accordance with IEEE 802.16(e)
standards.

FIG. 7 is a block diagram of a multimode wireless communication device 106
within a communication network arrangement 100 in accordance with the exemplary
embodiment of the invention. The multimode wireless communication device 106
comprises functionality implemented with any combination of hardware, software and
firmware that is capable of communicating with at least one WLAN network 120, such as
access point 102, and at least one WWAN communication network 120 104. The
multimode wireless communication device 106, sometimes referred to as an access
terminal, may be a wireless modem, a personal digital assistant, dual mode cellular
telephone, or other such device. A suitable implementation of the multimode wireless
communication device 106 includes a WLAN interface 702, and a WWAN interface 704
connected to a processor 706 and memory 708. The various functions and operations of
the blocks described with reference to the multimode wireless communication device 106
may be implemented in any number of devices, circuits, or elements. Two or more of the
functional blocks may be integrated in a single device and the functions described as
performed in any single device may be implemented over several devices. For example,
at least portions of the functions of the WLAN interface 702 and the WWAN interface 704
may be performed by the processor 706 and/or memory 708. The processor 706
performs the control functions described herein as well as performing other functions and
facilitating the overall operation of the multimode wireless communications device 106.
The processor 706 is connected to, or includes, the memory 708 that may include one or
more random access memory (RAM) and/or read only memory (ROM) memory devices.
The memory 708 may include data, as for example, a device identifier (ID) value, criteria
for determining quality of the received signals, signal quality parameters and any other
data. The WLAN interface 702 comprises a receiver 710 which is tuned to receive
wireless communication signals over the WLAN frequency band air interface 322 from the
WLAN access point 102, and the WILLAN transmitter 712 which transmits wireless
communication signals over the WLAN frequency band air interface 318 to the WLAN
access point 102. The WWAN interface 704 comprises a downlink (DL) receiver 714
tuned to receive wireless communications signals in the WWAN downlink frequency band
air interface from the WWAN communications system 104 and detect the beacon signal
over the OFDM tone (sub-carrier) 118 from the WLAN access point 102. The WWAN
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interface 720 also includes the uplink (UL) transmitter 716 which sends uplink wireless
communication signals 116 within the uplink frequency band.

During operation when the multimode wireless communication device 106 is not
communicating with an access point, the DL receiver 714 monitors the WWAN downlink
channel for a beacon signal 118 transmitted within the WWAN frequency band. A
received beacon signal 118 is detected by the downlink receiver 714 and is decoded in
the receiver 714 to extract the identifier (ID) which uniquely identifies the multimode
wireless communication device 106 as the intended recipient of the beacon signal 118.
The multimode wireless communication device 106 identifier (ID) value may include an
electronic serial number (ESN) or other unique data. The ID value is stored in the memory
708 or some other suitable location, for the processor 706 to compare to the received ID.
If the ID values match, the processor 706 activates the WLAN interface 702. In some
circumstances, other criteria may be evaluated to determine if the WLAN interface should
be activated. Examples of other criteria include a signal strength of the beacon signal
118, a SNR of the beacon signal, and communication requirements of the multimode
wireless communication device. After detection of the beacon signal, the multimode
wireless communication device 106 manages the WLAN connection. In accordance with
known techniques, the multimode wireless communication device 106, establishes,
maintains and disables communications between the multimode wireless communication
device 106 and the WLAN. The WLAN connection may be simultaneously established
and maintained with other communication links, such as communication links with the
WWAN or may be established and maintained after communications have been disabled,
lost, or otherwise made unavailable. Therefore, the WLAN communications may include a
MAKE_BEFORE_BREAK connection that requires WLAN service to be established
before WWAN communication is disabled in some circumstances. The WLAN connection
may be managed by any combination of devices, algorithms, programs, equipment in the
WWAN, WLAN and/ multimode wireless communication device. The multimode wireless
communication device 106 resumes monitoring the downlink link control channel for
detection of the beacon signal 118.

In some circumstances, the multimode wireless communication device 106
includes a GPS receiver (not shown) that receives GPS data from GPS satellites. GPS
information that is at least based on the GPS data is transmitted to the WWAN base
station. The GPS information can be used by the WWAN and/or WLAN in managing the
WLAN connection and or to determine whether the beacon signal should be transmitted.

For example, if the geographical location indicated by the GPS information transmitted by
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a particular device indicates that the device is too far from the access point to receive
WLAN service, the access point does not transmit the beacon signal. Also, if the GPS
information transmitted by the device after the device detects the beacon signal indicates
that the device is too far from the access point to receive WLAN service, a handoff to the
acquisition of WLAN is not attempted. The GPS data may include GPS/AFLT data and
the GPS information may include any combination of GPS data and/or geographical
location information such the latitudinal and longitudinal coordinates. The GPS
information may be intercepted by the access point or may be forwarded by the base
station to the access point in some circumstances.

FIG. 8 is a flowchart of an exemplary method managing communications
performed in the multimode wireless communication device 106. In the exemplary
embodiment, code executed on the processor 706 performs the calculations, controls
other devices and otherwise invokes the steps described below.

At step 802, the multimode wireless communication device 106 monitors the
WWAN 104 downlink control channel with the receiver 714 tuned to the beacon 118
OFDM tone. The receiver is, at least periodically, tuned to appropriate frequency or
frequencies where a beacon signal 108 may be present. Any received signals are
evaluated at step 804.

At step 804, it is determined whether a beacon signal 118 has been detected. If a
beacon signal 118 has been detected, the method continues at step 806. Otherwise, the
method returns to step 802. Any of numerous techniques can be used to determine if a
beacon signal 118 has been detected. Examples include detecting signal energy above a
threshold, receiving and demodulating the signal and evaluating an energy or power level
and/or determining a signal to noise ratio. In the exemplary embodiment, the received
signal is demodulated and, if the signal is above an adequate threshold, the signal is
decoded at step 8086.

At step 8086, the signal is decoded to determine a device identifier (ID). If the
beacon signal 118 is detected at step 804, the multimode wireless communication device
106 further determines if the beacon 118 is intended for the multimode wireless
communication device 106 by decoding the signal and extracting the device ID. In some
circumstances if the device ID is not available other identifying information can be
extracted from the beacon 118 signal to determine if the multimode wireless
communication device 106 can access the access point 102 transmitting the beacon

signal 118.
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At step 808, it is determined whether the beacon signal 118 is being transmitted
from the access point 102 that can be used fof WLAN service by the multimode wireless
communication device 106. The processor 706 compares the received device ID to the
stored device ID value in the memory 708. If a match is found, the multimode wireless
communication device 106 initiates a handoff procedure to acquire WLAN service from
the access point 102. Otherwise the method returns to step 802. In some circumstances,
other criteria may be evaluated to determine if WLAN communication should be
attempted. For example, characteristics of the beacon signal such SNR and/or signal
strength may be compared to thresholds to determine if the WLAN receiver should be
activated. Also, communication requirements may be evaluated to determine if WLAN
communication may be suitable. Further, in some situations, the determination to activate
the WLAN receiver may be based on information received from the WWAN 104. The
determination may be based on combinations of criteria and beacon signal 118
characteristics in some situations.

At step 810, the multimode wireless communication device 106 manages the
WLAN connection. In accordance with known techniques, the multimode wireless
communication device 108, establishes, maintains and disables communications between
the multimode wireless communication device 106 and the WLAN. As described above,
the WLAN connection may be simultaneously established and maintained with other
communication links, such as communication links with the WWAN or may be established
and maintained after communications have been disabled, lost, or otherwise made
unavailable. Therefore, the WLAN communications may include a
MAKE_BEFORE_BREAK connection that requires WLAN service to be established
before WWAN communication is disabled in some circumstances. The WLAN connection
may be managed by any combination of devices, algorithms, programs, equipment in the
WWAN, WLAN and/ multimode wireless communication device. The procedure returns to
step 802 to continue monitoring the beacon channel.

In some circumstances, the multimode wireless communication device 106
manages the WLAN connection by transmitting GPS information to the WWAN base
station where the based on GPS information is based on GPS data received by a GPS
receiver in the multimode wireless communication device 106. The GPS information is
used by WWAN and/or WLAN networks to determine if WLAN service should be acquired
by the multimode wireless communication device 106. For example, the access point may

receive the WWAN message including the GPS information that is being transmitted to
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the WWAN base station. The access point at least partially determines the proximity of
the multimode wireless communication device based on the GPS information.

Clearly, other embodiments and modifications of this invention will occur readily to
those of ordinary skill in the art in view of these teachings. The above description is
illustrative and not restrictive. This invention is to be limited only by the following claims,
which include all such embodiments and modifications when viewed in conjunction with
the above specification and accompanying drawings. The scope of the invention should,
therefore, be determined not with reference to the above description, but instead should
be determined with reference to the appended claims along with their full scope of

equivalents.
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CLAIMS:
1. An access point comprising:

a wireless local area network (WLAN) interface configured to exchange WLAN
signals with a multimode wireless communication device;

a wireless wide area network (WWAN) receiver configured to receive a WWAN
uplink signal transmitted from the multimode wireless communication device;

WWAN transmitter configured to transmit a beacon signal within a WWAN
frequency band when the WWAN uplink signal indicates that a distance between the
multimode wireless communication device and the access point is less than a proximity
threshold.

2. The access point of claim 1, wherein the WWAN transmitter is further configured to

transmit the beacon signal on an orthogonal frequency division multiplexing (OFDM) tone.

3. The access point of claim 1, wherein the WWAN frequency band is a WWAN downlink
frequency band used for transmission of downlink communication signals from a WWAN

base station to the multimode wireless communication device.

4. The access point of claim 1, wherein a decision to handoff the multimode wireless
communication device from the WWAN to the WLAN is at least partially based on a
signal strength of the beacon signal when received at the multimode wireless

communication device.

5. The access point of claim 1, further comprising a WWAN interface to receive downlink

communication parameters from the WWAN.

6. The access point of claim 5 wherein the WWAN is configured to receive the downlink

communication parameters through a wired connection.

7. The access point of claim 5 wherein the WWAN interface is configured to receive the

downlink communication parameters through a wireless connection.

8. The access point of claim 7 wherein the WWAN interface comprises the WWAN
receiver and is configured to receive the downlink communication parameters through a
downlink WWAN control channel.



10

15

20

25

30

35

WO 2009/108709 PCT/US2009/035156

-23.

9. The access point of claim 1, wherein the WWAN transmitter is further configured to
code the beacon signal in accordance with an identifier (ID) of the multimode wireless

communication device.

10. The access point of claim 1, wherein the WWAN transmitter is further configured to

code the beacon signal in accordance with a WLAN identifier (ID) of the access point.

11. A multimode wireless communication device comprising:

a wireless wide area network (WWAN) receiver to receive wireless communication
signals within a WWAN downlink frequency band from a WWAN base station and to
receive a beacon signal within the WWAN downlink frequency band from an access point;

a WLAN receiver to receive WLAN signals from the access point; and

a processor to activate, in response to a determination that a characteristic of the

beacons signal exceeds a threshold, the WLAN receiver to receive the WLAN signals.

12. The multimode wireless communication device of claim 11, wherein the beacon

signal is received on an orthogonal frequency division multiplexing (OFDM) tone.

13. The multimode wireless communication device of claim 11, wherein the WWAN
receiver is configured to decode the beacon signal in accordance with an identifier (ID) of

the multimode communication device.

14. The multimode wireless communication device of claim 11, wherein the characteristic
is a signal to noise ratio (SNR) and the processor is configured to activate the WLAN

receiver when the SNR is above a SNR threshold.

15. The multimode wireless communication device of claim 11, wherein the characteristic
is a signal strength and the processor is configured to activate the WLAN receiver when

the signal strength is above a signal strength threshold.

16. The multimode wireless communication device of claim 11, further comprising:

a GPS receiver to receive GPS data; and

a WWAN transmitter to transmit GPS information based on the GPS data to the
WWAN base station.
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17. A method performed at an access point configured to communicate with a multimode
wireless communication device, the method comprising:

receiving a wireless wide area network (WWAN) down link (DL) signal
comprising uplink (UL) transmission control information;

receiving a WWAN UL signal from the multimode wireless communication
device;

determining a proximity of the multimode wireless communication device to
the access point based on the UL transmission control information and the WWAN RL
signal;

transmitting a beacon signal within a WWAN frequency band to the

multimode wireless communication device when the proximity is less than a threshold.

18. The method of claim 17, wherein the determining the proximity comprises calculating
a power difference between a WWAN UL signal transmission power level included in the

UL transmission control information and a received power level of the WWAN UL signal.

19. The method of claim 16, wherein the determining the proximity comprises calculating
a time difference between a WWAN UL signal transmission time included in the UL

transmission control information and a received time of the WWAN UL signal.

20. The method of claim 16, wherein the determining the proximity comprises evaluating
GPS information transmitted the multimode wireless communication device indicating a

geographical location of the multimode wireless communication device.



WO 2009/108709 PCT/US2009/035156

1/6

120

102 ~
ACCESS POINT

WLAN WWAN
INTERFACE INTERFACE s 118
12 114 /4

N /

MULTI-MODE
WIRELESS

COMMUNICATION

DEVICE

/'104

‘/‘108
BS

e
(=4
(=]

i -~ 110

WWAN
INFRASTRUCTURE

WWAN COMMUNICATION
SYSTEM

FIG. 1



WO 2009/108709 PCT/US2009/035156

2/6

ORIGINATING
GEOGRAPHIC
SERVICE AREA

202

GEOGRAPHIC
SERVICE AREA

202

ORIGINATING
GEOGRAPHIC
SERVICE AREA

FIG. 2A

N
(2]

GEOGRAPHIC
SERVICE AREA

202

FIG. 2B

N
(=4
(-]

ORIGINATING
GEOGRAPHIC
SERVICE AREA

204

GEOGRAPHIC
SERVICE AREA

FIG. 2C



WO 2009/108709

PCT/US2009/035156

/106
s 102 MULTI-MODE
WIRELESS
ACCESS POINT COMMUNICATION
A DEVICE
12 WLAN INTERFACE
™ RX
316 L~ 324
X
320
CONTROLLER ’
312 MEMORY y
«— 314
1
y 114 "
324
WWAN INTERFACE f'
ULRX | DLRX || DLTX Y
36 | 308 || 310 100
304 '
¥ Y 04
302 —] NETWORK
INTERFACE 108
A A BS
t / 110
# 326
ACCESS »| ACCESS
— 330
ROUTER [ | GATEWAY
328
WWAN INFRASTRUCTURE
F|G 3 WWAN COMMUNICATION SYSTEM




WO 2009/108709

~ 402

MONITOR UL WWAN CHANNEL

RECEIVE
UL WWAN
SIGNAL ?

YES _— 406

CALCULATE PROXIMITY

408

PCT/US2009/035156

SYNCHRONIZE USING DL
SUBFRAME PREAMBLE

v _— 506

NO

SEND BEACON ?

YES

TRANSMIT BEACON WITHIN
WWAN DOWNLINK
FREQUENCY BAND

FIG. 4

DETERMINE MAP LENGTH AND CODING

SCHEME BY DECODING FCH

410 USER 512
’ LIST

l 508

DECODE UL MAP

510

DOES UL MAP
SCHEDULE ANY USER
OF USER LIST ?

514
/

EXTRACT CONTROL INFORMATION

FROM UL MAP FOR USER(S)

FIG. 5




WO 2009/108709

TUNE TO UL SUB-
CARRIER INDICATED BY
UL MAP

— 602

v

MEASURE UL WWAN
SIGNAL
CHARACTERSITIC

L~ 604

!

CALCULATE PROXIMITY
BASED ON UL WWAN
SIGNAL
CHARACTERISTIC

— 606

PROXIMITY
LESS THAN
THRESHOLD?

NO

5/6

610
C

TRANSMIT BEACON

L

612

\

MONITOR
WWAN DL
SIGNAL

|

FIG. 6

PCT/US2009/035156

( START )

Y e 802

MONITOR DOWNLINK
CONTROL CHANNEL OFDM
TONE (SUB-CARRIER) FOR

BEACON SIGNAL

804

DETECT BEACON
SIGNAL?

L 806

DECODE BEACON TO
DETRMINE ID

808

ID
MATCHES DEVICE
ID?

NO

YES

/ 810

MANAGE WLAN CONNECTION
L

FIG. 8



WO 2009/108709 PCT/US2009/035156

6/6
s 102
108
ACCESS POINT
MULTI-MODE WIRELESS
COMMUNICATION DEVICE
WLAN INTERFACE
702
‘\ Rx
710
X
12
706 \
PROCESSOR J—»| MEMORY
708
f—y 704
- 324
WWAN INTERFACE
116
DL RX
714 100
ULTX v 104
716 )
1087 N BS
t / 110
FIG. 7 WWAN INFRASTRUCTURE
WWAN COMMUNICATION SYSTEM




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/035156

A. CLASSIFICATION OF SUBJECT MATTER .

V. HO4W36
ADD. HO4W68/12 HO04W88/10

According 1o International Patent Classification (JPC) or to both national claséiﬂcaﬁon and IPC

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation 10 the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulied during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

the whole document

abstract
column 2, lines 19-29
column 9, lines 19-29

column 12, Ttines 5-33
column 12, lines 57,58

claim 1

Y EP 0 504 122 A (ERICSSON TELEFON AB L M 1-20
[SE]) 16 September 1992 (1992-09-16)

column 13, Tine 30 - column

column 2, line 56 — column 3, Tine 21
column 5, lines 1-10,50-56
column 10, 1ine 25 - column 11, line 46

15, Tine 25

-/

P,X WO 2008/066929 A (KYOCERA CORP [JP1; : 1-20
KALHAN AMIT [US]) 5 June 2008 (2008-06-05)

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

'A' document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0" document referring to an oral disclosure, use, exhibition or
other means

'P' document published prior to the international filing date but
later than the priority date claimed

e

Y

s

g

later document published after the international filing date
or priority date and not in conflict with the application but
cited t;) understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m?Rls, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the international search

2 June 2009

Date of mailing of the Intemational search report

08/06/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Englund, Terese

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

. PCT/US2009/035156
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document; with indication, where appropriate, of the relevant passages Relevant to claim No.
Y EP 1 816 888 A (MOTOROLA INC [US]) 1-20
8 August 2007 (2007-08-08)
abstract :
paragraphs [0005], [0006], [0011],
(00141, [0016]1, [0019] :
X HOLCMAN A R ET AL: "CDMA intersystem 1,11,17
operations”
VEHICULAR TECHNOLOGY CONFERENCE, 1994 IEEE
44TH STOCKHOLM, SWEDEN 8-10 JUNE 1994, NEW
YORK, NY, USA,IEEE,
8 June 1994 (1994-06-08), pages 590-594,
XP010123362
ISBN: 978-0-7803-1927-1
abstract ‘
page 590, right-hand column
page 591, left-hand column, lines 1-13
page 592, Teft-hand column, line 13 - page
593, left-hand column, tine 3; figures
2.4-2 \
page 593, right-hand column, Tines 26-30
A WO 2004/057815 A (QUALCOMM INC [US]) 1-20
8 July 2004 (2004-07-08)
abstract
paragraphs [0078], [0084], [0087] -
(00891
A US 2007/254620 Al (LINDQVIST THOMAS L E 1-20
[SE] ET AL) 1 November 2007 (2007-11-01)
paragraphs [0006], [0012], [0013],
[0016] - [0021], [0024], [0028],
(00431, [0045]1, [0046]1, [00511],
fo0521, [0064]1, [0069]
A US 2003/118015 Al (GUNNARSSON MAGNUS [US] 1-20
ET AL) 26 June 2003 (2003-06-26)
abstract
paragraphs [0005], [0022] - [0024],
[0026] - [0028]; figures 2,4
A US 2004/116133 Al (KALHAN AMIT [US] ET AL) 1-20
17 ‘June 2004 (2004-06-17)
abstract
paragraphs [0004], [0006], [0009],
[0013] ~ [0016], [0019]

Form PCT/ASA/210 (continuation of second shest) {April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members .

International applicaﬁon No

PCT/US2009/035156
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2008066929 A 05-06-2008 US 2008130598 Al 05-06-2008
EP 0504122 A 16-09-1992 AT 169172 T 15-08-1998
AU 653005 B2 15-09-1994
AU 1281492 A 17-09-1992
DE 69226388 D1 03-09-1998
DE 69226388 T2 17-12-1998
ES 2119806 T3 16-10-1998
IE 920633 Al 23-09-1992
JP 3167773 B2 21-05-2001
JP 5075533 A 26-03-1993
MX 9201093 Al 01-09-1992
us 5175867 A 29-12-1992
EP 1816888 A 08-08-2007 JP 2007208992 A 16-08-2007
KR 20070079947 A 08-08-2007
US 2007183351 Al 09-08-2007
WO 2004057815 A 08-07-2004 AU 2003301075 Al 14-07-2004
- BR 0317509 A 16-11-2005
CA 2510505 Al 08-07-2004
EP 1590928 A2 02-11-2005
JdP 2006512867 T 13-04-2006
KR 20050085781 A 29-08-2005
MX  PA05006674 A 22—-09-2005
Us 2004120283 Al 24-06-2004
uUs 2007254620 Al 01-11-2007 CA 2648363 Al 08-11-2007
EP 2014119 Al 14-01-2009
W0 2007126351 Al 08-11-2007
US 2003118015 Al 26-06-2003  NONE
US 2004116133 Al 17-06-2004 AT 390815 T 15-04-2008
AU 2003301138 Al 14-07-2004
CN 1726735 A 25-01-2006
EP 1574105 A2 14-09-2005
ES 2301885 T3 01-07-2008
JP 2006511168 T 30-03-2006
KR 20050084276 A 26—-08-2005
WO 2004057906 A2 © 08-07-2004

Form PCT/NSA/210 {patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

