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LOCATION AWARE BACKGROUND ACCESS POINT SCANNING
FOR WLAN

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of U.S. Provisional Application No.:
60/981,616, entitled “LOCATION AWARE BACKGROUND SCAN,” filed on October

22, 2007, which is hereby incorporated by reference herein in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to communication systems, and more
particularly, to wireless communication systems that employ position information to

enhance the performance of wireless data communication.

DESCRIPTION OF RELATED ART

[0003] Many communication devices such as mobile phones, laptops, or personal
digital assistants (PDAs) now are provided with capabilities to allow them to

communicate with a wireless local area network (WLAN).

[0004] Communication devices may connect with a WLAN upon detection of an access
point. To detect access points that are in range, the communication device may actively
or passively search for access points having signals that have an acceptable quality, such
as having a received signal strength indicator (RSSI) that is above a threshold. A
communication device that falls out of the range of an associated access point may
attempt to connect with one or more other access points, if available. Since access points
are not always readily available, WLAN coverage may be spotty with a mobile device

such as a mobile phone, a PDA, etc., and thus mobile communication devices may be
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continually searching for additional access points with which to connect. For Instance, a
communication device such as a mobile phone operating in a long range mobile phone
network, such as global system for mobile communication (GSM), may continually
perform a background scan for WLAN access points, looking for access points having

acceptable RSSI levels.

[0005] RSSI1s generally a measurement of the power of a received signal. Currently,
communication devices with WLAN capabilities select access points based on RSSI. For
instance, a communication device whose RSSI drops below a certain threshold may seek

to connect to another access point with an RSSI above the threshold, if available.

[0006] A communcation device may scan a wireless communication network that is
compliant with the Institute for Electrical and Electronics (IEEE) 802.11 Standard
handoff algorithm for available access points using one of two known channel scanning
methods, passive scanning and active scanning. Referring to Fig. 1, an example wireless
network 100 compliant with the IEEE 802.11 Standard handoff algorithm includes a
communication device 102 and a plurality of access points 104-1 14, each at potentially
different distances from the communication device 102. Each access point 104-114 (or at
least access points in close proximity or with overlapping coverage areas) may be
operating on a different communication channel. To facilitate the discovery of the access
points, each access point periodically may transmit a signal often referred to as a beacon
to let other communication devices know of its presence. The beacon will include
various information including a channel number to indicate which channel it is using. In
passive scanning, the communication device 102 may switch to each of a plurality of
potentially available channels and listen for a beacon. For each channel, if a beacon is
received and an RSSI is above a threshold, the channel/access point may be noted as
available. After scanning all the channels, the communication device 102 may choose

one of the available access points (if there is more than one) and attempt to associate with
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the chosen access point. For example, the communication device 102 may choose the

access point with the highest RSSI.

[0007] When a communication device with WLAN capabilities powers up in an already
existing wireless network, it may utilize passive scanning to find available wireless
access points and determine with which access point to associate. Passive scanning may
also be used when the device is already associated with an access point. For example, if
the communication device 102 is a mobile device, it may continuously perform passive
scanning in case the connection with the current access point is suddenly lost or degrades.
Additionally, if the RSSI for an access point with which the communication device 102 is
associated has fallen below a threshold (for example, because the communication device
102 has moved further away from the associated access point), the communication device
102 may utilize passive scanning to find another access point with which to associate. If
there are fourteen channels and it is assumed that beacons are transmitted at 100
millisecond (ms) intervals, the device 102 may listen for beacons for approximately 100
ms at each channel, for instance. Thus, the device 102 may spend 1.4 seconds (100

ms/channel x 14 channels) scanning for beacons.

[0008] In active scanning, the communication device 102 may maintain a list of access
points in range of the device 102. The communication device 102 may transmit a probe
request signal on each of the channels associated with the access points on the list, except
for the access point with which it is currently associated. After transmitting a probe
request signal, the communication device 102 may wait a period of time for a response
from the corresponding access point. The response may indicate the RSSI of the channel
and/or the channel load. Once the communication device 102 has scanned all channels
corresponding to the list of access points (except the currently associated access point),
the device 102 may seek to disconnect from the current access point and connect to an

access point with a higher RSSI or a better combination of RSSI and channel load, for

example.
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SUMMARY OF THE DISCLOSURE

[0009] In one embodiment, a method includes determining respective distances
between a communication device and a plurality of wireless local area network (WLAN)
access points, and selecting one of the plurality of WLAN access points with which the

communication device is to associate based on the determined distances.

[0010] In another embodiment, an apparatus comprises a wireless local area network
(WLAN) channel scanning control unit configured to determine respective distances
between a communication device and a plurality of WLAN access points, and select one
of the plurality of WLAN access points with which the communication device is to

associate based on the determined distances.

[0011] In yet another embodiment, a method includes comparing a velocity of a
communication device to a threshold, and disabling a wireless local area network

(WLAN) access point scanning process based on comparing the velocity to the threshold.

[0012] In still another embodiment, an apparatus, comprises a wireless local area
network (WLAN) channel scanning control unit configured to compare a velocity of a
communication device to a threshold, and disable a WLAN access point scanning process

based on comparing the velocity to the threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1is a block diagram of an implementation of a wireless local area network;

[0014] Fig. 2 is a block diagram of a mobile phone that may utilize location awareness

~ techniques such as described herein;

[0015] Fig. 3 is a flow diagram of an example method for implementing a sleep mode

for a communication device based on velocity.
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[0016] Fig. 4 is a flow diagram of an example method for testing conditions in which a

background scan on a set of neighboring channels may occur.

[0017] Fig. 5is a flow diagram of an example method for a communication device
which may be aware of the location of the neighboring access points may perform a

background scan.

[0018] Fig. 6A is a block diagram of a high definition television that may utilize

location awareness techniques such as described herein;

[0019] Fig. 6B is a block diagram of a vehicle that may utilize location awareness

techniques such as described herein;

[0020] Fig. 6C is a block diagram of a set top box that may utilize location awareness

techniques such as described herein,

[0021] Fig. 6D is a block diagram of a media player that may utilize location awareness

techniques such as described herein; and

[0022] Fig. 6E is a block diagram of a voice over IP device that may utilize location

awareness techniques such as described herein.

DETAILED DESCRIPTION

[0023] Many communication devices today incorporate a positioning system such as a
global positioning system (GPS) receiver with a WLAN interface. As will be described
below, location information generated by the positioning system can be utilized to help

improve the performance of the WLAN interface.

[0024] Fig. 2 is a block diagram of an example mobile phone 250 that includes both a
WLAN interface 252, having a WLAN channel scanning control unit 253, and a GPS
receiver 254. The mobile device 250 also may include a cellular antenna 256, signal

processing and/or control circuits, which are generally identified in Fig. 2 at 258, a mass
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data storage 264, and/or a memory 266. In some implementations, the mobile phone 250
includes a microphone 268, an audio output 270 such as a speaker and/or audio output
jack, a display 272 and/or an input device 274 such as a keypad, pointing device, touch
pad, voice actuation and/or other input device. In some implementations, the input
device 274 may include a touch screen associated with the display 272. Signal
processing and/or control circuits 258 and/or other circuits (not shown) in mobile phone
250 may process data, perform coding and/or encryption, perform calculations, format

data and/or perform other mobile phone functions.

[0025] Mobile phone 250 may communicate with mass data storage 264 that stores data
in a nonvolatile manner such as optical and/or magnetic storage devices for example hard
disk drives HDD and/or DVDs. Mobile phone 250 may include a memory 266 such as

RAM, ROM, low latency nonvolatile memory such as flash memory and/or other suitable

electronic data storage.

[0026] The GPS receiver 254 may generate location information indicative of a location
of the mobile phone 250. As will be described in more detail below, the location
information may be utilized to enhance the performance of the WLAN interface 252.

The WLAN interface 252 enables the mobile phone 250 to communicate via a WLAN.
For example, it may be preferable to utilize a WLAN for voice or data communications

as compared to utilizing wide-area cellular network when out of range of the cellular
network but in range of the WLAN, when communication via the WLAN may be less

expensive than communication via the cellular network, etc.

[0027] A communication device with a positioning system such as the mobile phone
250 may also be aware of its velocity. For example, the position information may be
analyzed over time to generate velocity information. In the example device 250, the GPS
receiver 254 may generate velocity information. Optionally, some other component such
as the WLAN interface 252 or the signal processing/control block 258 may generate

velocity information based on the position information generated by the GPS receiver
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254. The position information and/or the velocity information may be utilized to enhance
the power efficiency of the WLAN interface 252, for example. For instance, if the mobile
phone 250 is traveling at high speeds (e.g., in an automobile), the WLAN interface 252
might continuously scan for WLAN access points because the mobile phone 250 may be
quickly entering and leaving the coverage areas of access points. In such a scenario,
WLAN communication cannot occur effectively. Yet, the continuous scanning process
may consume power, which may be a limited resource if the mobile phone 205 is
operating on battery power, for example. But if the mobile phone 250 is aware of its
velocity, the WLAN scanning process could be disabled, thereby reducing power

consumption.

[0028] The WLAN scanning control unit 253 may receive position information and/or
velocity information, such as from the GPS receiver 254. The WLAN scanning control
unit 253 may be configured to control WLAN scanning based on the position information
and/or velocity information. Although the WLAN scanning control unit 253 is illustrated
in Fig. 2 as being a component of the WLAN interface 252, the WLAN scanning control
unit 253 can be implemented in other components of the mobile phone 250, such as in the

signal processing and/or control circuits 258.

[0029] Fig. 3 is a flow diagram of an example scanning method 300 that utilizes
velocity information and position information. The method 300 may be implemented by
a communication device such as the example mobile phone 250 of Fig. 2. For ease of
explanation, the method 300 will be described with reference to Fig. 2. Of course, the
method 300 may be implemented by a communication device different than the mobile
phone 250, and the mobile phone 250 may utilize a different scanning method that
utilizes velocity and/or position information. The method 300 may be utilized when a

mobile device is not currently associated with an access point, for example,

[0030] At a block 302, a positioning system such as the GPS receiver 254 may report

position and velocity information. For example, the GPS receiver 254 may send the
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position information and the velocity information to the WLAN scanning control unit
253. Alternatively, if the positioning system does not itself generate velocity
information, it may merely report the position information. In this scenario, the velocity
information may be generated (by the s WLAN scanning control unit 253, for example)
based on position information generated over time by the positioning system. Then, at a
block 304, it may be determined if the velocity is above a threshold T1. Because an
access point may have a limited range, threshold T1 may be set to a velocity at which the
RSSI of an access point will not quickly diminish, relatively speaking. For example,
threshold T1 may be set at 2 m/s, the speed at which a person would typically walk. At
this velocity, the communication device can be expected to stay within range of the
access point for some amount of time that would permit effective, practical, and/or
acceptable WLAN communication. But at a higher speed, such as 8 m/s, WLAN
communication may become ineffective because the communication device would be
expected to stay within range of any one access point for only a short amount of time.
Thus, data communications may become unacceptably slow and/or intermittent because
too much time is spent attempting to associate with and disassociating with different
access points, scanning for new access points, etc., or the device intermittently and/or for
unacceptably long periods goes out of range of any access point. Of course, the threshold
T1 may be set to a variety of other speeds besides 2 m/s, and different thresholds may be
utilized for different implementations. The WL AN scanning control unit 253, for
example, may determine if the velocity is above a threshold T1. If the velocity is above
the threshold T1, the WLAN interface 252 may be put in a sleep mode or at least the
scanning process may be disabled at a block 306, The WLAN scanning control unit 253,
for example, may cause the WLAN interface 252 to go into the sleep mode or at least
cause the scanning process may be disabled. In this mode, the mobile phone 250 may
conserve power that it may otherwise be inefficiently using by continuously scanning for
access points that may quickly fall out of range or with which it may even not be able to

associate. If the velocity information is less than or equal to the threshold T1 then at a
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block 308, the mobile phone may scan for available access points, such as by using a
passive scanning technique. The WLAN scanning control unit 253, for example, may

enable or cause the WLAN interface 252 to scan for available access points.

[0031] Each of at least some access points may be aware of its location, and this access
point location information may be transmitted to the mobile phone 250 during the
scanning block 308. Additionally, the mobile phone 250 also may be able to determine
the RSSI associated with each access point. Thus, after the block 308, the device 250
may be aware of the RSSI associated with each of one or more access points and position

information for possibly one or some or all (or possibly none) of the access points.

[0032] Ata block 310, respective distances between the mobile device and each of the
access points (for which it has position information) may be calculated using the position
information generated by the GPS receiver 254. For example, the WLAN scanning
control unit 253 may calculate the distance information. In one particular
implementation in which position information is indicated by coordinate triplets (e.g., an
x coordinate, a y coordinate, and a z coordinate), a distance between the mobile device

250 and an access point may be calculated based on:

[0033] d = (X 1p = Xpgy ) +(Vyp = Ypgy ) +(Z,p ~Zp)* . (Equation 1)
[0034] where:

[0035] (Xap, Yap, Zap) are the coordinates of the access point, and

[0036] (Xpevs Ypev, Zpev) are the coordinates of the mobile device.

[0037] Of course, distance information may be determined using any of a variety of

techniques and may vary depending upon the format of the position information.

[0038] At a block 314, an access point with which to associate is determined based on
the distances calculated at the block 310. Determining the access point with which to

connect may be based on other information as well such as RSSI information, channel
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load information (such as channel load indicators), etc. In one particular implementation,
the nearest access point in which the RSSI is above a threshold T2 may be chosen. The
threshold T2 may be at a level corresponding to a sufficient RSSI power level. The

threshold T2 may be chosen depending on the particular implementation.

[0039] The WLAN scanning control unit 253, for example, may determine or select the
access point. Selecting an access point based on location may provide an advantage over
typical passive and active scanning techniques, on average. For example, if the closest
access point is chosen, the mobile device may be expected, on average, to stay within its
coverage area for a longer time as compared to choosing an access point that is farther
away. Of course choosing the closest access point may not always result in staying in a
coverage area for the longest time. For example, if the mobile phone is moving away
from the closest access point, the mobile phone may stay within the coverage area of
another access point which the mobile phone is moving towards. Thus, optional
implementations may include determining direction information, and determining an
access point with which to associate may be further based on the direction information.
The direction information may indicate a direction in which the mobile device is
traveling, and the direction information may be generated by the positioning system (e.g.,
GPS receiver 254), the WLAN interface or some other component such as the signal

processing/control block 258.

[0040] Fig. 4 is a flow diagram of an example method 400 for determining, based on
position information, whether to initiate background scanning when a mobile device is
already associated with an access point. The method 400 may be implemented by a
communication device such as the example mobile phone 250 of Fig. 2. For ease of
explanation, the method 400 will be described with reference to Fig. 2. Of course, the
method 400 may be implemented by a communication device different than the mobile

phone 250, and the mobile phone 250 may implement methods other than the method
400.
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[0041] At a block 402, the mobile device may send a neighbor information request to
an access point with which it is currently associated (the “current access point”). The
neighbor information request may be a request for information about access point
neighbors of the current access point, such as the channels on which each neighbor is
operating, the location of each neighbor, etc. For example, if the current access point and
neighboring access point are compliant with the IEEE 802.11k Standard, they may
exchange information with each other, and the current access point may be aware of the
neighbors and have information about the neighbors. The request for information sent by
the mobile device may be a neighbor request frame specified in the IEEE 802.11k
Standard, for example. With the mobile phone 250, the WLAN scanning control unit
253, for example, may cause the request to be sent via a WLAN link with the current

access point.

[0042] Then, at a block 404, the current access point may respond to the request (block
402) by, for example, sending information to the mobile device regarding neighboring
access points, such as the position of each neighboring access point, the channel on which
each neighboring access point is operating, channel load information for each
neighboring access point, etc. With the mobile phone 250, the WLAN interface 252 may

receive the response via the WLAN link with the current access point.

[0043] At a block 406, respective distances between the mobile device and the
neighboring access points may be calculated. With the mobile phone 250, the WLAN
scanning control unit 253, for example, may calculate the distances. Table 1 is an
example list of neighboring access points arranged in order of increasing distance from
the mobile phone 250. In this example, positions an x, y, z coordinate format, but any
other suitable position information format may be used. In Table 1, it is assumed for
simplicity that the mobile phone 250 is located at coordinates (0,0,0). In reality,
however, the mobile phone 250 will typically not be located at position (0,0,0). Table 1

also lists the channel via which each access point communicates. Information such as the
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information of Table I may be obtained based on execution of the blocks 404 and 406.
Such information may be stored in a memory. With the mobile phone 250, the
information may be stored in a memory coupled to or included in the WLAN scanning
control unit 253, for example. The information could be organized in any of a variety of
formats to facilitate ease of ranking or sorting based on one or more parameters such as
distance, channel load, etc. For example, the information regarding access points could
be ordered based on the distance information, such as in Table 1. With the mobile phone
250, the WLAN scanning control unit 253, for example, may calculate the distance

information and cause the distance information to be stored.

Table 1
AP Position AP Channel Distance (AP<-> DEV)
AP1 (0,4,0) 6 4
AP2 (3,4,0) 1 S
AP3 (8,0,0) 11 8

[0044] Blocks 408, 412, and 414 represent conditions that a mobile device may check
to decide whether to perform a background scan. The order in which each of the three
conditions 408, 412, and 414 are checked may vary. Generally, as long as at least one of
the three conditions 408, 412, and 414 is met, a background scan may be performed.
With the mobile phone 250, the WLAN scanning control unit 253, for example, may

check the three conditions.

[0045] At the block 408, it may be determined if the RSSI of the current access point is
less than a threshold T3. Threshold T3 may be, for example, a minimum requirement
corresponding to an RSSI level sufficient to sustain a connection. For example, the
threshold T3 may be the same as the threshold T2. Of course, the threshold T3 may be
different than the threshold T2, such as higher or lower than the threshold T2. The
WLAN scanning control unit 253, for example, may determine if the RSSI of the current
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access point is less than the threshold T3. If the RSSI of the associated access point falls
below the threshold T3, then at a block 410, the mobile phone 250 may initiate a
background scan on a set of channels corresponding to the neighboring access points
determined based on the information received at the block 404. The block 410 may be
implemented using a variety of techniques, including known techniques. For example,
the block 410 may be implemented using a conventional active scanning technique.
Alternatively, the block 410 may be implemented using a background scanning technique
utilizing position information. An example method for background scanning technique
utilizing position information will be described below with reference to Fig. 5. With the
mobile phone 250, the WLAN scanning control unit 253, for example, may cause the
background scanning process to be initiated. With the mobile phone 250, the WLAN

interface 252 may implement the background scanning process.

[0046] Ifitis determined at the block 408 that the RSSI of the current access point is
greater than the threshold T3, then the flow may proceed to a block 412, at which it may
be determined if a distance, D1, between the mobile device and the current access point is
greater then a threshold T4. The threshold T4 may be set using a variety of techniques.
For example, the threshold T4 may be set to a distance beyond which it is estimated that
the RSSI may begin to quickly degrade below an acceptable level. If the distance D1 is
greater than threshold T4, then the flow may proceed to the block 410.

[0047]  On the other hand, if the distance D1 is not greater than threshold T4 then the
flow may proceed to the block 414, at which it may be determined if the distance D1 is
greater than a distance D2. The distance D2 may be a distance between the mobile
device and a nearest neighboring access point (other than the current access point). If the

distance D2 is less than the distance D1 then the flow may proceed to the block 410.

[0048]  Checking the conditions corresponding to the blocks 408, 412, 414 optionally
may be repeated some number of times, for some time period, until some event occurs,

etc. For example, checking the conditions corresponding to the blocks 408, 412, 414 may
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be repeated until it is determined that the method 400 should be restarted. Checking the
conditions corresponding to the blocks 408, 412, 414 may be implemented by the WLAN

scanning control unit 253, for example.

[0049] In an alternative implementation, checking the conditions corresponding to the
blocks 408, 412, 414 may not be performed when it is determined that a velocity of the

mobile device is above a velocity threshold, such as the velocity threshold discussed with

respect to Fig. 3.

[0050] Fig. 5 is a flow diagram of an example background scanning method 500 that
utilizes position information. The method 500 may vbe implemented by a communication
device such as the example mobile phone 250 of Fig. 2. For ease of explanation, the
method 500 will be described with reference to Fig. 2. Of course, the method 500 may be
implemented by a communication device different than the mobile phone 250, and the

mobile phone 250 may implement methods other than the method 500.

[0051] The method 500 may be implemented by a mobile device when the mobile
device is currently associated with an access point (the current access point). If the
method 400 is implemented by the mobile device, the block 410 may include the method
500. The method 500 may begin at a block 504, at which it may be determined if there
are other neighboring access points (besides the current access point) with which the
mobile device might be able to associate. Determining if there are other neighboring
access points may be implemented based on information obtained from previously
performed scanning procedures such as a passive scan or an active scan. In one
implementation, determining if there are other neighboring access points may be
implemented based on information obtained from a procedure such as described with
respect to blocks 402 and 404 of Fig. 4. For instance, if the mobile device and the current
access point are compliant with the IEEE 802.11k Standard, determining if there are

other neighboring access points may be implemented based on information obtained in
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response to a neighbor request frame. If there are no other access points with which the

mobile device might be able to associate, the method 500 may end.

[0052] On the other hand, if there are one or more other access points with which the
mobile device might be able to associate, the flow may proceed to a block 508. At the
block 508, the closest other access point may be determined. The block 508 may be
implemented based on distance information for the one or more other access points (i.e.,
respective distances between the mobile device and each of the other access points)
calculated according to a method such as described with respect to the block 406 of Fig.
4, for instance. Distance information for the one or more other access points may have
been previously calculated and stored in a memory, and this information may be analyzed
to determine the closest other access point. For example, access points could be ranked
or ordered according to their distance from the mobile device, and the closest access
point could be determined based on the order or ranking. Optionally, distance

information for the other access points could be compared to determine the closest access

points.

[0053] At a block 512, it may be determined whether an RSSI corresponding to the
access point determined at the block 508 is above a threshold TS. The threshold TS may
be selected in a variety of manners. As just one example, the threshold TS5 may be
selected based on the threshold T3 and a hysteresis parameter (e.g., T5 = T3 + hysteresis
parameter). As another example, the threshold TS5 may be selected to be the same as the

threshold T3.

[0054] If the RSSI is greater than TS, the flow may proceed to the block 516, at which
the mobile device may attempt to roam to the access point that was determined at the
block 508. On the other hand, if the RSSI is less than T5, the flow may proceed back to
the block 504. In particular, the access point previously determined at the block 508 may
be removed from consideration in terms of implementing the next round of the blocks

504, 508, 512. In this way, the next closest access point will next be considered. Thus,
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the blocks 504, 508, 512 may be repeated, evaluating the next closest access point each
time, until there are no more other access points to consider or until an access point with

an RSSI greater than TS5 1s found.

[0055] In an alternative implementation, it may be determined if a velocity of the
mobile device is greater than a velocity threshold (such as the threshold T1 discussed
with respect to Fig. 3. Depending on when it is determined that the velocity is greater
than the velocity threshold, the method 500 may be not started, terminated if already

started, etc.

[0056] Generally speaking, the method 500 analyzes other access points in an order,
wherein the order is based on the distance of the other access points to the mobile device.
The other access points are analyzed in the order to determine an access point to which to
roam. Generally speaking, it can be expected that an access point that is closer to the
mobile device will tend to have a higher associated RSSI as compared to an access point
that is further away. In this way, the method 500 may find another access point having
an acceptable RSSI more quickly than other methods that do not utilize position
information. Of course, in other implementations, the order may be based on other

information in addition to the position information, such as RSSI, channel load, etc.

[0057]  With the mobile phone 250, each of the blocks 504, 508, 512, 516 may be
implemented by the WLAN scanning control unit 253, for example.. For example, if the
WLAN scanning control unit 253 is implemented in the signal processing/control block
258, the WLAN scanning control unit 253 could implement the method 500 based on
information from the WLAN interface 252 and by sending control information to the
WLAN interface 252, such as a signal instructing the WLAN interface 252 to attempt to
roam to a particular access point. As another example, if the WLAN scanning control
unit 253 is implemented in the WLAN interface 252, the WLAN scanning control unit
253 could implement the method 500 based on information from other components of the

WLAN interface 252 and by sending control information to other components of the
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WLAN interface 252, such as a signal instructing the WLAN interface 252 to attempt to
roam to a particular access point. More generally, the WLAN scanning control unit 253
may analyze other access points in an order, wherein the order is based on the distance of
the other access points to the mobile device, to determine an access point to which the

WLAN interface 252 should attempt to roam.

[0058]  As discussed above, one or more of the methods 300, 400, and 500, or portions
of these methods (or similar methods) may be implemented by a WLAN channel
scanning control unit, which in turn may be implemented in hardware, firmware,
software, or any combination of hardware, firmware, and/or software. The WLAN
channel scanning control unit may be a component of a WLAN interface, for example.
Alternatively, the WLAN channel scanning control unit may be a component of another
subsystem of a communication device, such as a control block separate from the WLAN
interface. In this implementation, the WLAN channel scanning control unit may be

coupled to the WLAN interface.

[0059]  Although the example mobile phone 250 was described as including a GPS
receiver 254, it will be understood that other positioning systems may also be utilized
such as other satellite-based positioning systems. Also, non-satellite-based positioning
systems may also be utilized. For example, if the mobile device is a mobile phone, a
positioning system could determine position information based on signals received from
multiple cellular phone base stations, or based on signals received from multiple WLAN
access points. A positioning system may utilize a triangulation type method, for
example, to determine a position of the mobile phone 250 based on the signals received
from the multiple base stations or access points. Also, the positioning system could be
located outside of the mobile phone 250. For instance, a positioning system in a cellular
phone base station or a WLAN access point could determine position information based
on signals received from the mobile phone 250 at multiple cellular phone base stations or

at multiple WLAN access points. Such a positioning system may utilize a triangulation
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type method, for example, to determine a position of the mobile phone 250 based on the
signals received at the multiple base stations or access points. The positioning system
could then transmit the determined position information to the mobile phone 250 via a

cellular phone link or a WLAN link.

[0060] Although the above example scanning methods that utilize position and/or
velocity information were described in the context of a mobile phone, it will be
understood that similar methods may be utilized in other types of mobile devices having
WLAN capabilities. Moreover, similar methods may be utilized in other types of devices

having WLAN capabilities, but that typically may not be considered mobile devices.

[0061] For instance, Figs. 6A-6E, illustrate various devices in which WLAN scanning

techniques such as described above may be employed.

[0062] Referring now to Fig. 6A, such techniques may be utilized in a high definition
television (HDTV) 620, such as an HDTV. HDTV 620 includes a mass data storage 627,
an HDTYV signal processing and control block 622, a memory 628, a WLAN interface
629 and a GPS receiver 600. HDTV 620 receives HDTV input signals in either a wired
or wireless format and generates HDTV output signals for a display 626. In some
implementations, signal processing circuit and/or control circuit 622 and/or other circuits
(not shown) of HDTV 620 may process data, perform coding and/or encryption, perform

calculations, format data and/or perform any other type of HDTV processing that may be

required.

[0063] HDTV 620 may communicate with a mass data storage 627 that stores data in a
nonvolatile manner such as optical and/or magnetic storage devices. The mass storage
device may be a mini HDD that includes one or more platters. HDTV 620 may be
connected to memory 628 such as RAM, ROM, low latency nonvolatile memory such as
flash memory and/or other suitable electronic data storage. HDTV 620 also may support
connections with a WLAN via WLAN interface 629. One or more of the signal
processing/control block 622, the WLAN interface 629, and the GPS receiver 600 may
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implement channel scanning techniques such as described above. For example, a WLAN
scanning control unit (not shown) in one or more of the signal processing/control block
622, the WLAN interface 629, and the GPS receiver 600 may implement channel

scanning techniques such as described above.

[0064] Referring now to Fig. 6B, such techniques may be utilized in a vehicle 630. The
vehicle 630 includes a control system that may include mass data storage 646, a WLAN
interface 648, and a GPS receiver 650. A powertrain control system 632 may receive
inputs from one or more sensors 636 such as temperature sensors, pressure sensors,
rotational sensors, airflow sensors and/or any other suitable sensors and generate one or
more output control signals 638 such as engine operating parameters, transmission

operating parameters, and/or other control signals.

[0065] Control system 640 may likewise receive signals from input sensors 642 and/or
output control signals to one or more output devices 644. In some implementations,
control system 640 may be part of an anti-lock braking system (ABS), a navigation
system, a telematics system, a vehicle telematics system, a lane departure system, an
adaptive cruise control system, a vehicle entertainment system such as a stereo, DVD,
compact disc and the like. In some implementations, the WLAN interface 648 and the
GPS receiver 650 may be coupled to the control system 640. Control system 640 also
may support connections with a WLAN via the WLAN interface 648. The WLAN
interface 648 may be used when the vehicle is within access of one or more network

access points.

[0066] Powertrain control system 632 may communicate with mass data storage 627
that stores data in a nonvolatile manner such as optical and/or magnetic storage devices.
Powertrain control system 632 may be connected to memory 647 such as RAM, ROM,
low latency nonvolatile memory such as flash memory and/or other suitable electronic
data storage. Powertrain control system 632 also may support connections with a WLAN

(not depicted) via a WLAN interface 648. One or more of the powertrain control system
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632, the control system 640, the WLAN interface 648, and the GPS receiver 650 may
implement channel scanning techniques such as described above. For example, a WLAN
scanning control unit (not shown) in one or more of the powertrain control system 632,
the control system 640, the WLAN interface 648, and the GPS receiver 650 may

implement channel scanning techniques such as described above.

[0067] Referring now to Fig. 6C, a set top box 680 may include signal processing
and/or control circuits, which are generally identified in Fig. 6C at 684, and mass data
storage 690. Set top box 680 also may include a WLAN interface 696 and a GPS
receiver 698. Set top box 680 receives signals from a source such as a broadband source
and outputs standard and/or high definition audio/video signals suitable for a display 688
such as a television and/or monitor and/or other video and/or audio output devices.
Signal processing and/or control circuits 684 and/or other circuits (not shown) of the set
top box 680 may process data, perform coding and/or encryption, perform calculations,

format data and/or perform any other set top box function.

[0068] Set top box 680 may include mass data storage 690 that stores data in a
nonvolatile manner. Mass data storage 690 may include optical and/or magnetic storage
devices for example hard disk drives HDD and/or DVDs. Set top box 680 may include
memory 694 such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. Set top box 680 also may support
connections with a WLAN via WLAN interface 696. One or more of the signal
processing/control block 684, the WLAN interface 696, and the GPS receiver 698 may
implement channel scanning techniques such as described above. For example, a WLAN
scanning control unit (not shown) in one or more of the signal processing/control block
684, the WLAN interface 696, and the GPS receiver 698 may implement channel

scanning techniques such as described above.

[0069] Referring now to Fig. 6D, a media player 700 may include either or both signal

processing and/or control circuits, which are generally identified in Fig. 6D at 704, and/or
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mass data storage 710. In some implementations, media player 700 includes a display
707 and/or a user input 708 such as a keypad, touchpad and the like. In some
implementations, media player 700 may employ a graphical user interface (GUI) that
typically employs ménus, drop down menus, icons and/or a point-and-click interface via
display 707 and/or user input 708. Media player 700 further includes an audio output 709
such as a speaker and/or audio output jack. Signal processing and/or control circuits 704
and/or other circuits (not shown) of media player 700 may process data, perform coding
and/or encryption, perform calculations, format data and/or perform any other media

player function.

[0070] Media player 700 may communicate with mass data storage 710 that stores data
such as compressed audio and/or video content in a nonvolatile manner and may utilize
jitter measurement. In some implementations, the compressed audio files include files
that are compliant with MP3 format or other suitable compressed audio and/or video
formats. The mass data storage may include optical and/or magnetic storage devices for
example hard disk drives HDD and/or DVDs. Media player 700 may include memory
714 such as RAM, ROM, low latency nonvolatile memory such as flash memory and/or
other suitable electronic data storage. Media player 700 also may support connections
with a WLAN via a WLAN interface 716. Media player 700 also may include a GPS
receiver 718. Communication via the WLAN interface 716 may be used to support real-
time updates, downloading content, streaming of media content, etc. One or more of the
signal processing/cohtrol block 704, the WLAN interface 716, and the GPS receiver 718
may implement channel scanning techniques such as described above. For example, a
WLAN scanning control unit (not shown) in one or more of the signal processing/control
block 704, the WLAN interface 716, and the GPS receiver 718 may implement channel

scanning techniques such as described above.

[0071]  Referring to Fig. 6E, such techniques may be utilized in a Voice over Internet

Protocol (VoIP) phone 750 that may include an antenna 752. The VoIP phone 750 may
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include either or both signal processing and/or control circuits, which are generally
identified in Fig. 6E at 754, and mass data storage of the VoIP phone 750. In some
implementations, VoIP phone 750 includes, in part, a microphone 758, an audio output
760 such as a speaker and/or audio output jack, a display monitor 762, an input device
764 such as a keypad, pointing device, voice actuation and/or other input devices. VoIP
phone 750 also may include a WLAN interface 766 and a GPS receiver 718. Signal
processing and/or control circuits 754 and/or other circuits (not shown) in VolIP phone
750 may process data, perform coding and/or encryption, perform calculations, format
data and/or perform other VoIP phone functions. One or more of the signal
processing/control block 754, the WLAN interface 766, and the GPS receiver 768 may
implement channel scanning techniques such as described above. For example, a WLAN
scanning control unit (not shown) in one or more of the signal processing/control block
754, the WLAN interface 766, and the GPS receiver 768 may implement channel

scanning techniques such as described above.

[0072] VoIP phone 750 may communicate with mass data storage 756 that stores data
in a nonvolatile manner such as optical and/or magnetic storage devices, for example
hard disk drives HDD and/or DVDs. VoIP phone 750 may be connected to memory 757,
which may be a RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. VoIP phone 750 is configured to establish
communications link with a VoIP network (not shown) via Wi-Fi communication module
766. |

[0073] Although example devices were described above with reference to Figs. 2 and
6A-6E, it will be understood that channel scanning techniques such as described above
may be utilized in other types of devices as well, such as handheld gaming consoles,

handheld mapping/positioning systems, personal digital assistants, etc.

[0074] The various blocks, operations, and techniques described above may be

implemented in hardware, firmware, software, or any combination of hardware,
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firmware, and/or software. When implemented in software, the software may be stored
in any computer readable memory such as on a magnetic disk, an optical disk, or other
storage medium, in a RAM or ROM or flash memory of a computer, processor, hard disk
drive, optical disk drive, tape drive, etc. Likewise, the software may be delivered to a
user or a system via any known or desired delivery method including, for example, on a
computer readable disk or other transportable computer storage mechanism or via
communication media. Communication media typically embodies computer readable
instructions, data structures, program modules or other data in a modulated data signal
such as a carrier wave or other transport mechanism. The term “modulated data signal”
means a signal that has one or more of its characteristics set or changed in such a manner
as to encode information in the signal. By way of example, and not limitation,
communication media includes wired media such as a wired network or direct-wired
connection, and wireless media such as acoustic, radio frequency, infrared and other
wireless media. Thus, the software may be delivered to a user or a system via a
communication channel such as a telephone line, a DSL line, a cable television line, a
wireless communication channel, the Internet, etc. (which are viewed as being the same
as or interchangeable with providing such software via a transportable storage medium).
When implemented in hardware, the hardware may comprise one or more of discrete

components, an integrated circuit, an application-specific integrated circuit (ASIC), etc.

[0075] While the present invention has been described with reference to specific
examples, which are intended to be illustrative only and not to be limiting of the
invention, it will be apparent to those of ordinary skill in the art that changes, additions or
deletions in addition to those explicitly described above may be made to the disclosed

embodiments without departing from the spirit and scope of the invention.
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CLAIMS

What is claimed is:

1. A method, comprising:

determining respective distances between a communication device and a plurality

of wireless local area network (WLAN) access points; and

selecting one of the plurality of WLAN access points with which the

communication device is to associate based on the determined distances.

2. The method of claim 1, wherein determining the respective distances
between the communication device and the plurality of WLAN access points is based on
position information corresponding to the plurality of WLAN access points and position

information corresponding to the communication device.

3. The method of claim 2, further comprising receiving the position

information corresponding to the plurality of WLAN access points.

4. The method of claim 3, wherein the position information corresponding to
the plurality of WLAN access points is received from a WLAN access point with which

the communication device is currently associated.

5. The method of claim 1, wherein selecting one of the plurality of WLAN
access points with which the communication device is to associate is further based on
respective received signal strength indicators corresponding to the plurality of WLAN

access points.
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6. The method of claim 1, wherein selecting one of the plurality of WLAN
access points with which the communication device is to associate is further based on

respective channel load indicators corresponding to the plurality of WLAN access points.

7. The method of claim 1, wherein the communication device is already
associated with a current WLAN access point not included in the plurality of WLAN
access points;

wherein selecting one of the plurality of WLAN access points with which the

communication device is to associate comprises selecting one of the plurality of WLAN

access points to which the communication device is to roam.

8. The method of claim 7, wherein selecting one of the plurality of WLAN

access points to which the communication device is to roam comprises:

evaluating the plurality of WLAN access points in an order, wherein the order is
based on the determined distances, wherein evaluating each WLAN access point includes

determining if the WLAN access point is acceptable; and

stopping evaluating the plurality of WLAN access points before all of the plurality

of WLAN access points have been evaluated if an acceptable WLAN access point is

determined.

9. The method of claim 8, wherein determining if a WLAN access point is
acceptable is based on a received signal strength indicator associated with the WLAN

access point,

-225 ..



WO 2009/055304 PCT/US2008/080192

16.  The method of claim 8, wherein determining if a WLAN access point is

acceptable is based on a channel load indicator associated with the WLAN access point.

11. The method of claim 1, wherein the communication device is not already

associated with any WLAN access point,

12. The method of claim 1, further comprising:
determining velocity information corresponding to the communication device; and

initiating the acts of determining respective distances and selecting one of the

plurality of WLAN access points based on the velocity information.

13, An apparatus, comprising:

a wireless local area network (WLAN) channel scanning control unit configured

to:

. determine respective distances between a communication device and a plurality of

WLAN access points, and

select one of the plurality of WLAN access points with which the communication

device is to associate based on the determined distances.

14.  The apparatus of claim 13, wherein the WLAN channel scanning control
unit is configured to determine the respective distances between the communication
device and the plurality of WLAN access points based on the position information
corresponding to the plurality of WLAN access points and position information

corresponding to the communication device.
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15.  The apparatus of claim 14, further comprising a positioning system to

generate the position information corresponding to the communication device.
16.  The apparatus of claim 15, further comprising a WLAN interface.
17.  The apparatus of claim 14, further comprising a WLAN interface.

18.  The apparatus of claim 17, wherein the position information corresponding

to the plurality of WLAN access points is received using the WLAN interface.

19.  The apparatus of claim 17, wherein the WLAN channel scanning control

unit is a component of the WLAN interface.

20.  The apparatus of claim 17, wherein the WLAN channel scanning control
unit is a coupled to the WLAN interface.

21.  The apparatus of claim 13, wherein the WLAN channel scanning control
unit is configured to select one of the plurality of WLAN access points with which the
communication device is to associate further based on respective received signal strength

indicators corresponding to the plurality of WLAN access points.

22.  The apparatus of claim 13, wherein the WLAN channel scanning control
unit is configured to select one of the plurality of WLAN access points with which the
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communication device is to associate further based on respective channel load indicators

corresponding to the plurality of WLAN access points.

23.  The apparatus of claim 13, wherein the WLAN channel scanning control
unit is configured to:

evaluate the plurality of WLAN access points in an order, wherein the order is
based on the determined distances, wherein evaluating each WLAN access point includes

determining if the WLAN access point is acceptable; and

stop evaluating the plurality of WLAN access points before all of the plurality of
WLAN access points have been evaluated if an acceptable WLAN access point is

determined.

24. A method, comprising:
comparing a velocity of a communication device to a threshold; and

disabling a wireless local area network (WLAN) access point scanning process

based on comparing the velocity to the threshold.

25.  The method of claim 24, wherein disabling the WLAN access point
scanning process based on comparing the velocity to the threshold comprises disabling

the WLAN access point scanning process if the velocity is above the threshold.

26.  The method of claim 24, further comprising causing a WLAN interface of
the communication device to go into a low power mode based on comparing the velocity

to the threshold.

--28--



WO 2009/055304 PCT/US2008/080192

27.  The method of claim 24, wherein disabling the WLAN access point

scanning process comprises not starting the WLAN access point scanning process.

28.  The method of claim 24, wherein disabling the WLAN access point
scanning process comprises disabling the WLAN access point scanning process after it

has already started.

29.  The method of claim 24, further comprising receiving the velocity

information from a positioning system.

30.  The method of claim 24, further comprising calculating the velocity

information based on position information.

31.  The method of claim 30, further comprising receiving the position

information from a positioning system.

32.  An apparatus, comprising:

a wireless local area network (WLAN) channel scanning control unit configured

to:
compare a velocity of a communication device to a threshold; and

disable a WLAN access point scanning process based on comparing the velocity to

the threshold.
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33.  The apparatus of claim 32, wherein the WLAN channel scanning control
unit is configured to disable the WLAN access point scanning process if the velocity is

above the threshold.

34.  The apparatus of claim 32, wherein the WLAN channel scanning control
unit is configured to cause a WLAN interface of the communication device to go into a

low power mode based on comparing the velocity to the threshold.

35.  The apparatus of claim 34, further comprising the WLAN interface.

36.  The apparatus of claim 35, wherein the WLAN interface includes the

WLAN channel scanning control unit.

37.  The apparatus of claim 35, wherein the WLAN interface is coupled to the

WLAN channel scanning control unit.

38.  The apparatus of claim 35, further comprising a positioning system to

generate the velocity information.

39.  The apparatus of claim 35, further comprising a positioning system to

generate position information;

wherein the WLAN channel scanning control unit is configured to calculate the

velocity information based on the position information.

--30--



WO 2009/055304 PCT/US2008/080192

1/8
?}g“ 10
(« D) 06
104
é (¢ ))J
102 j::’,',i///,,‘/é;,, é

77)-

Oo
110

b 5

() 112

i

Fig. 1



WO 2009/055304 PCT/US2008/080192

2/8

200
Mobile Phone 254_N\
: | GpPs
: 266"\ "1 Receiver

Data y\ v _[\-252
Storage o

i > WLAN
: 253

Processing and/

: 72

or Control Display
74

User Input

: Mic
L; Signal [Audioow 77 |

[\
[8)]
o
N
I3y
)
<
1
-
-
L
.
<.
-
(o]
o]



WO 2009/055304

3/8

(o)
le}

302

Report position and velocity |
information l

I

306
304

N Yes

< V>T1

e

/
\7/

308 ' No
\ 4

Scan for all available access
points.

' Calculate distance information |

|
i

4

314 |
\ Determine access point based |

J on distance information and }
| RSSI |

PCT/US2008/080192

Put WLAN interface in sleep
mode. ‘

Fig. 3



WO 2009/055304 PCT/US2008/080192

4/8

402

~ Mobile device sends neighbor
~ request to the current access
| point (AP)

A4

404 400

Current AP responds to
request with respective
. positions of neighboring APs

i

v

406 |
\ Determine distance information
for each neighboring AP

|
=r
408 Y
> R Yes
< RSSI<T3 }
v |
412 VNO 410
D1>T4/~-~~~~Yes » Initiate background Scan
N \\// ‘
No
414 v
o N
D2<D1 / “Yes
'No

Fig. 4



WO 2009/055304 PCT/US2008/080192

5/8

o))
(-
&)

504

v

e // \\\\ N 0 P S
e > End )
~

Yes
v 508

Determine closest AP /

No RSSI T5’7\ b
. i > / .,
\

\Y

Yes
516 v
\ Roam to the AP




WO 2009/055304 PCT/US2008/080192

High Definition Television
Memory 528 [\—600

[ Gps )

Mass Receiver :
627- 4 Data 4 629 i
i | Storage . l
r'y WLAN ; 620
\ Yy A P
622—i] HPDTV Signal | e
: rocessing |, . {676
HE and/or <«—>»| Display /—6
: Control :
Fig. 6A
Vehicle
Memory 647 :
A —B50 :
546 [ Gps :
Viass | Receiver :
: Data ¢ 48 T
;| Storage WLAN §
630.... ! 0 V =
N A4 A 4 636. :
Powertrain Sensor(s)
632—\ Control System Output(s)
§ 638 |
642 ;
' ) Sensor(s) :
640 Other Vehicle :
‘T\ Control System Output(s) | !
: sas |

.............................................................



WO 2009/055304 PCT/US2008/080192

7/8

Set Top Box /_.69 4
» Memory :

690—/"| Mass Data s 1| Y

Storage Receiver
680" A —B596
2 \4 \ 4 g
68—\ signal || WIAN —J (%
P ¢ | Processing :
Source < P and/or :
: Control  [% > Display
Fig. 6C
Media Player .
? N_718 T
: | GPS
700, 714*-/\ "| Receiver
Mass M 0 :
7104\ emory ;
: Data A v \-716
: | Storage o[ WLAN :

704. . 'y
: 4 LA A 4 :
L—— 5 Signal o Audio Output 709 4
' rocessing an ‘ 707
or Control Display '
708
User Input '




PCT/US2008/080192

Y/‘752

WO 2009/055304
8/8
750
VolP Player
Memory |— 757 — 768 Y
A GPS :
»| Receiver
: Mass
: 766
756 ——| Data i -
Storage WLAN
754 - ¢ r
\ vy 758
§ e — - Mic L
: 8'9_”al ! Audio Out |— 760
Processing and/ ) 762
or Control > Display
<«—— User Input — 764




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/080192

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W48/20
ADD. HO4W4/02 HO4W84/12

Aocording to Iinternational Patent Ciassification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1 638 360 A (SAMSUNG ELECTRONICS CO LTD 1-4,7,8, .
[KR]) 22 March 2006 (2006-03-22) ' 11,
: 13-20,23
Y - paragraph [0007] - paragraph [0023] 5,6,9,
: 10,12,
21,22
paragraph [0031] - paragraph [0036]
figures 2,3
X US 2007/184835 Al (BITRAN YIGAL [IL] ET 24-39
AL) 9 August 2007 (2007-08-09)
Y paragraph [0008] - paragraph [0013] 12
paragraph [0081] - paragraph [0084];
figures 3,7
Y US 2007/217377 Al (TAKEUCHI SHOJIRO [JP1) : 5,6,9,
20 September 2007 (2007-09-20) 10,21,22
paragraph [0013] - paragraph [0015] :
—f

m Further documents are listed in the continuation of Box C.

E 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 1o establish the publication date of another
citation or other special reason (as specified)

*0O* document referring to an orat disclosure, use, exhibition or
other means

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

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* 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

“Y* document of particular relevance; the claimed invention
cannot be considered to invoive an inventive step when the
document is combined with one or more other such docu-
ments, 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

4 February 2009

Date of mailing of the intemational search report

17/02/2009

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

Schorgg, Alfred

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/080192

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2002/187792 Al (KATO HISATOMO [JP] ET
AL) 12 December 2002 (2002-12-12)
paragraph [0005] - paragraph [0016]
paragraph [0023] - paragraph [0024]
figures 1,2

US 2006/148486 Al (KIM JIN-KYEONG [KR] ET
AL) 6 July 2006 (2006-07-06) .

paragraph [0009] - paragraph [0018]
paragraphs [0036], [0051]

figure 2

1-23

1-23

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2008/080192

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

EP 1638360 A 22-03-2006 KR 20060092884 A 23-08-2006
US 2006063560 Al 23-03-2006

US 2007184835 Al 09-08-2007  NONE

UsS 2007217377 Al 20-09-2007 WO 2007107839 A2 27-09-2007

US 2002187792 Al 12-12-2002 CN 1391423 A 15-01-2003
JP 3717805 B2 16-11-2005
JP 2002369237 A 20-12-2002

US 2006148486 Al 06-07-2006 JP 2006508603 T 09-03-2006
KR 20040048146 A 07-06-2004

Form PCT/ISN21O (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 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

