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(57) ABSTRACT

Managing wireless fidelity communications for a mobile sta-
tion includes automatically activating and deactivating wire-
less fidelity communication capability on the mobile station.
Whenever wireless fidelity communications are not active,
the wireless fidelity capability is turned off until at least one of
a plurality of preselected triggering events occurs. If at least
one of the triggering events occurs, a wireless fidelity probing
mode begins and a wireless fidelity communication connec-
tion is established if one is available.
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MANAGING MOBILE STATION WI-FI
COMMUNICATIONS

FIELD OF THE INVENTION

[0001] This invention generally relates to communications.
More particularly, this invention relates to wireless commu-
nications.

DESCRIPTION OF THE RELATED ART

[0002] Wireless communication systems are well known
and in widespread use. Cellular communication networks
typically include a plurality of base stations geographically
located to serve corresponding regions or cells. Mobile sta-
tions such as cell phones, personal digital assistants and lap-
top computers communicate using radio frequency signals
through the base stations to a cellular network, which facili-
tates communications with other devices.

[0003] There are other wireless communication technolo-
gies that are available such as IEEE 802.11 wireless fidelity
(Wi-Fi) communications. Wi-Fi communications typically
have higher bandwidth capability than IP connectivity avail-
able through cellular networks. Additionally, Wi-Fi commu-
nications are typically available at a lower cost. Wi-Fi com-
munication capability, however, is typically limited to within
a closer range of a Wi-Fi access point or source of Wi-Fi
communications. Typical ranges are from about fifty to sev-
eral hundred meters. Wi-Fiaccess points can be located inside
of buildings that are privately owned or in public buildings,
for example.

[0004] Some mobile stations have the capability of com-
municating using a cellular network, Wi-Fi communications
or both. Some known mobile stations have a connection man-
ager that switches between Wi-Fi and cellular-based (e.g.,
WAN IP connectivity) communications based on the avail-
ability of each network and other criteria such as application
needs, etc. With such devices, the connection manager soft-
ware relies upon the Wi-Fi network card of the mobile station
to provide an indication whether a Wi-Fi communication
network is currently available. Leaving a Wi-Fi network card
switched on for this purpose undesirably utilizes battery
power because the network card must be switched on even
while it is not being used.

[0005] In some cases, the user of the mobile station can
manually select which technology to access. For example, an
individual having such a device may switch on the Wi-Fi
capability of the device once the individual arrives at the
office where there is a Wi-Fi access point. There is a disad-
vantage associated with manual activation in that it can be
inconvenient for the user. Additionally, the user may inadvert-
ently leave on a Wi-Fi network card, which has the battery
draining disadvantage mentioned above.

[0006] Itwould be advantageous to provide automatic man-
agement of Wi-Fi capability for a mobile station that does not
require manual activation of the Wi-Fi capability and does not
require a Wi-Fi network card to be permanently switched on.

SUMMARY

[0007] An exemplary method of managing Wi-Fi capabil-
ity for a mobile station includes turning off a Wi-Fi commu-
nications portion of the mobile station when the mobile sta-
tion is not being used for Wi-Fi communications. The mobile
station enters a Wi-Fi probing mode responsive to at least one
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of a plurality of preselected triggering events to determine
whether the Wi-Fi communications capability should remain
active.

[0008] An exemplary mobile station includes a first portion
having a Wi-Fi communications capability. A second portion
includes a Wi-Fi communications manager that controls
when the first portion is active. The Wi-Fi communications
manager turns off the first portion when Wi-Fi communica-
tions are not in use. The Wi-Fi communications manager
determines when at least one of a plurality of preselected
triggering events occurs and instructs the first portion to enter
a probing mode that is used to determine whether the first
portion should remain active.

[0009] The various features and advantages of this inven-
tion will become apparent to those skilled in the art from the
following detailed description. The drawings that accompany
the detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 schematically illustrates selected portions of
a communications arrangement including a mobile station
that has wireless fidelity communication capability.

[0011] FIGS. 2A and 2B include a flow chart diagram that
summarizes one example approach for managing wireless
fidelity communication capabilities on a mobile station.
[0012] FIG. 3 includes a flowchart diagram that summa-
rizes a technique for using wireless fidelity communications
along with the example of FIGS. 2A and 2B.

[0013] FIG. 4 includes a flowchart diagram summarizing
one example feature useful with the embodiment of FIG. 2.
[0014] FIG. 5 includes a flowchart diagram summarizing
another example feature useful with the embodiment of FIG.
2.

DETAILED DESCRIPTION

[0015] The disclosed example arrangement allows for
automatically controlling the activation of wireless fidelity
(Wi-Fi) communication capability for a mobile station with-
out requiring the Wi-Fi capability of the mobile station to be
continuously active at all times. With the disclosed example,
it is possible to automatically control the activation of the
Wi-Fi capability for amobile station responsive to at least one
of a plurality of preselected triggering events that instigate a
Wi-Fi probing mode used for determining whether the Wi-Fi
capability should remain active.

[0016] FIG. 1 schematically shows an example mobile sta-
tion 20. While the illustration shows a cellular phone, other
mobile stations can be used in an embodiment of this inven-
tion. Example mobile stations include personal digital assis-
tants and notebook or laptop computers. This invention is not
necessarily limited to any particular type of mobile station.
[0017] The example mobile station 20 includes a first por-
tion 24 that provides the mobile station 20 with Wi-Fi com-
munication capability. In one example, the first portion 24 of
the mobile station 20 comprises a Wi-Fi network card. In the
illustration, the mobile station 20 can communicate with at
least one source 26 of Wi-Fi communications. The source 26
may be any known Wi-Fi access point or device.

[0018] The example mobile station 20 includes a second
portion 28 that comprises a Wi-Fi communications manager
(WCM) that controls when the first portion 24 is active. The
WCM 28 automatically controls when the first portion 24 is
turned on such that the first portion 24 need not be on con-
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tinuously at all times. Automatically controlling when the
first portion 24 is turned on saves battery life for the mobile
station 20, for example. The WCM 28 in this example deter-
mines when at least one of a plurality of preselected triggering
events occurs for purposes of controlling when the first por-
tion 24 is active.

[0019] The example mobile station 20 also has communi-
cation capability such as cellular phone communications over
a wireless network (e.g., UMTS, GSM or CDMA communi-
cations). Because the example mobile station 20 is capable of
Wi-Fi communications on the one hand and another type of
communications on the other hand, the mobile station 20 is
considered a dual mode service (DMS) mobile station. The
mobile station 20 has the capability of operating in more than
one mode for communicating.

[0020] FIGS. 2A and 2B include a flowchart diagram 30
that summarizes one example approach for managing the
operation of the first portion 24, which provides Wi-Fi com-
munication capability. The example approach facilitates acti-
vating the first portion 24 only when Wi-Fi communications
are available, which avoids the need to leave the first portion
24 active at all times. By only selectively activating the first
portion 24, the illustrated example allows for saving battery
power and reducing processing requirements, for example.
[0021] The example process of FIGS. 2A and 2B begins at
32. At 34 a DMS probe timer is set. As shown at 36, the Wi-Fi
capabilities of a mobile station are not active. In other words,
there is no attachment to a DMS zone, which is an area within
which Wi-Fi communications are possible. Whenever the
Wi-Fi capabilities are turned off, they remain off until at least
one of a plurality of preselected triggering events 40 occurs.
In the example of FIG. 2A, the triggering events include an
incoming cellular call at 42, an outgoing call setup at 44, the
DMS probe timer expiring at 46, a user-initiated probing
request at 48, the loss of a location information source at 50
and a location information update at 52. Any one of the
example triggering events will be used to initiate a Wi-Fi
probing mode in which the mobile station (e.g., the first
portion 24) searches for a Wi-Fi access point in the vicinity of
the current location of the mobile station.

[0022] Using an incoming cellular call or an outgoing call
setup (i.e., the triggering events 42 and 44 in the illustrated
example) for initiating a Wi-Fi probing mode allows for
potential cost savings, for example. In many circumstances, a
call can be handled less expensively and delivered in better
quality with a higher bit rate over a Wi-Fi connection com-
pared to using a cellular network connection, directly. The
example of FIG. 2 A recognizes the possibility of establishing
a Wi-Fi connection for purposes of handling the call when-
ever possible. Even though the Wi-Fi capabilities have been
inactive, whenever an incoming cellular call or an outgoing
call setup begins, the Wi-Fi capabilities of the mobile station
are turned on to determine whether the call may be handled
using a Wi-Fi connection, for example.

[0023] Using a DMS probe timer (i.e., the triggering event
46) allows for periodically checking for Wi-Fi capabilities
even if no other triggering event occurs.

[0024] The example of FIG. 2A also recognizes that a user
of'a mobile station may desire to attempt to establish a Wi-Fi
connection. Accordingly, the triggering event 48 recognizes
when an appropriate selection is made by a user to initiate
Wi-Fi activity.

[0025] Using the loss of a location information source as a
triggering event (i.e., the triggering event 50) addresses a
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situation where the mobile station may control Wi-Fi capa-
bility based on known location information. For example, a
user of a mobile station may typically activate Wi-Fi commu-
nication capability when they enter their home or office build-
ing. Various sources of location information are available to
different mobile stations. The triggering event 50 recognizes
that if a mobile station loses contact with a source of location
information (e.g., loses sight of GPS satellites), it may be
beneficial to probe for Wi-Fi access at that time. Additionally,
the example triggering event 50 allows for potentially estab-
lishing a Wi-Fi connection, which can be used to obtain
location information.

[0026] Wheneverone of the triggering events 42-50 occurs,
the Wi-Fi capability of a mobile station is turned on and a
Wi-Fi probing mode begins at 54. Activating the Wi-Fi com-
munication capability responsive to one of the triggering
events in this manner allows for selectively turning on the
Wi-Fi communication capability only when it is potentially
useful or needed. At 56, a determination is made whether a
Wi-Fi access point is detected in the vicinity of the current
location of the mobile station. When Wi-Fi network is
detected and through which DMS service is accessible (e.g.,
successful registration with a VoIP gateway), that is consid-
ered a DMS zone. In one example, just recognizing a Wi-Fi
network is not considered sufficient to identify a DMS zone.
Instead, in such an example, a DMS zone is discovered when
the Wi-Fi network is discovered and a connection to some
VoIP gateway over that particular Wi-Fi network is possible.
In the example of FIG. 2A, if no DMS zone is found, the Wi-Fi
capability of the mobile station is turned off at 58 and the
process returns to the step at 36.

[0027] Inthe event that a DMS zone is found (e.g., a Wi-Fi
access point is available and it is possible to register with a
VoIP gateway), information regarding the current mobile sta-
tion location is collected from the mobile station at 60. As
shown in FIG. 2B, the location information is then compared
to previously stored Wi-Fi availability locations from a loca-
tion list, which is stored on the mobile station, for example. If
the location of the located DMS zone is not already on the list
based upon the determination made at 62, a new location is
added to the location list at 64. In the example of FIG. 2B, at
the same time, a timestamp is set in association with that
location entry to keep track of when the last time the mobile
station was in that location. If the DMS zone was already in
the location list or once it has been added to the list, a Wi-Fi
connection begins at 66 by initiating the appropriate authen-
tication and registration procedures through the Wi-Fi access
point. This portion of the process occurs in a known manner.
Once the appropriate authentication and registration is com-
pleted, the DMS zone is considered attached at 68 and the
Wi-Fi communication capabilities of the mobile station
remain active.

[0028] Inone example, the mobile station 20 has a service
set identifier (SSID) whitelist of known SSIDs stored in
memory. When the SSID of a discovered DMS zone is on the
whitelist, that is a known DMS zone. The mobile station 20
may discover a new DMS zone when it detects an unknown
SSID by attempting to go through the due authentication and
registration procedures. That SSID is added to the known
SSID whitelist if the due authentication and registration pro-
cedures are performed successfully with a served network.
One example includes always attempting to locate a known
DMS zone based on the known SSIDs before attempting to
identify new or previously unknown SSIDs.
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[0029] Referring to FIG. 3, once the Wi-Fi capabilities are
active, they remain active until a user disconnects from the
Wi-Fi access point manually or leaves the area of coverage of
that DMS zone. In the example of FIG. 3, even though the
DMS probe timer expires at 70, no action is taken at 72 and the
Wi-Fi capabilities of the mobile station remain active. At 74,
the mobile station leaves the existing DMS zone. At 76 the
Wi-Fi capabilities of the mobile station are automatically
turned off. Then, the DMS probe timer is reinitiated at 34 and
the process continues to the step 36 as shown in FIG. 2A.
[0030] InFIG.2A, when the triggering event 52 occurs, the
WCM 28 detects an update regarding a location of the mobile
station. This may be the result of user movement between
different locations, for example. A decision is made at 80
whether the current location is found in the location informa-
tion already in the location list, which indicates where Wi-Fi
capability is known to be available. If the current location of
the mobile station does not correspond to a location deter-
mined to have Wi-Fi capability, the Wi-Fi capability of the
mobile station remains inactive. If the current location of the
mobile station corresponds to a location where Wi-Fi com-
munications are available, the Wi-Fi capability is turned on at
82 and previously stored information regarding the Wi-Fi
network at that location is used to begin the process of estab-
lishing a Wi-Fi connection. A decision is made at 84 whether
the DMS zone is actually available. This recognizes that in
some circumstances a Wi-Fi access point may be reconfig-
ured or moved so that it is no longer available where one had
previously been available.

[0031] This portion of the example process continues in
FIG. 2B where the current time is added at 86 to a record
regarding that DMS zone to indicate the most recent time that
the mobile station visited that DMS zone. At 88, the client
registration begins to establish a Wi-Fi connection. Assuming
that is successful, the DMS zone is attached at 68.

[0032] A flowchart diagram 100 in FIG. 4 summarizes an
example approach for managing the list of DMS zone loca-
tions. When an audit timer expires at 102, that is a triggering
event to perform the example process of F1G. 4. A location list
audit procedure beings at 104. A decision is made at 106
whether an amount of time that has elapsed since the last visit
to a DMS zone is greater than a selected threshold. If so, that
DMS zone entry on the location list is considered expired and
removed from the location list at 108. At 110 a determination
is made whether the entire location list has been audited. If
not, the next item is considered at 114. If any of the DMS
zones in the location list has been visited relatively recently
(e.g., not enough time has passed since the last visit to exceed
the selected threshold), that item remains on the list as a
potential DMS zone within which Wi-Fi communication
capability may be accessible. The audit timer is reset at 118
once the audit process is completed.

[0033] The example procedure of FIG. 4 allows for main-
taining a list of DMS zone locations that does not become
unduly large. Mobile stations are portable and carried to a
variety of potential DMS zones. The procedure of FIG. 4
recognizes that a user may not care about many such zones or
may only need access in one of those zones once or rarely. The
auditing process of F1G. 4 allows for minimizing the amount
of time the Wi-Fi capability of the mobile station is turned on
if the triggering event 52 occurs, for example.

[0034] FIG. 5 includes a flowchart diagram 120 that sum-
marizes another example approach for managing a list of
DMS zone locations. At 122, the size of the list exceeds a
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selected threshold size. At 124, at least one of the oldest
entries of a DMS zone location is removed from the list. The
oldest entry is based upon how recently the DMS zone was
visited and accessed using that mobile station. This example
approach allows for keeping the DMS zone locations a user is
most likely to utilize within the list to increase the chances of
establishing a desired Wi-Fi connection in those locations
following the procedure for automatically activating Wi-Fi
communication capability as described above. At 126 an
audit timer is reset to control the timing of the next auditing
process.

[0035] The preceding description is exemplary rather than
limiting in nature. Variations and modifications to the dis-
closed examples may become apparent to those skilled in the
art that do not necessarily depart from the essence of this
invention. The scope of legal protection given to this inven-
tion can only be determined by studying the following claims.

1. A method of managing a mobile station’s wireless fidel-
ity (Wi-Fi) communication capability, comprising the steps
of:

turning off the Wi-Fi communication capability when the

mobile station is not actively engaged in Wi-Fi commu-
nications; and

characterized by

automatically activating a Wi-Fi probing mode respon-
sive to at least one of a plurality of preselected trig-
gering events for determining whether the Wi-Ficom-
munication capability of the mobile station should
remain active.

2. The method of claim 1, comprising

determining whether a Wi-Fi access point is available in

the vicinity of the mobile station during the Wi-Fi prob-
ing mode; and

establishing a Wi-Fi communications connection ifa Wi-Fi

access point is detected.

3. The method of claim 1, comprising

determining a location of the mobile station when a Wi-Fi

access point is detected;

determining whether the current location is on a list of

known dual mode service zones; and

adding the current location to the list if the current location

is not already on the list.

4. The method of claim 1, comprising

associating an indication of a current time with a location

on the list when the mobile station detects a Wi-Fi access
point at the location.

5. The method of claim 4, comprising

determining an amount of time that has elapsed since the

most recent time associated with a location in the list;
and

deleting the location from the list if the amount of elapsed

time exceeds a threshold.

6. The method of claim 1, wherein at least one of the
triggering events comprises initiation of a cellular call involv-
ing the mobile station.

7. The method of claim 1, wherein at least one of the
triggering events comprises a dual mode service probe timer
expiring.

8. The method of claim 1, wherein at least one of the
triggering events comprises a user-initiated probing mode.

9. The method of claim 1, wherein at least one of the
triggering events comprises the mobile station losing contact
with a source of location information.
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10. The method of claim 1, where in at least one of the
triggering events comprises an update on information regard-
ing a current location of the mobile station.

11. The method of claim 1, comprising

determining whether a size of a list of locations of known
dual mode service zones exceeds a threshold; and

removing a location from the list that has not been visited
by the mobile station as recently as any of the other
locations on the list.

12. A mobile station, comprising:

a first portion having wireless fidelity (Wi-Fi) communi-
cation capability, the first portion being turned off when
the mobile station is not actively engaged in Wi-Ficom-
munications; and

characterized by

a Wi-Fi communications manager that activates the first
portion in a probing mode responsive to at least one of a
plurality of preselected triggering events for determin-
ing whether the Wi-Fi communication capability of the
mobile station should remain active.

13. The mobile station of claim 12, wherein the first portion

is configured to

operate in the probing mode to determine whether a Wi-Fi
access point is available in the vicinity of the mobile
station during the Wi-Fi probing mode; and

establish a Wi-Fi communications connection if a Wi-Fi
access point is detected.

14. The mobile station of claim 12, wherein the Wi-Fi

communications manager is configured to

determine a location of the mobile station when a Wi-Fi
access point is detected;

determine whether the current location is ona list of known
dual mode service zones; and
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add the current location to the list if the current location is
not already on the list.
15. The mobile station of claim 12, wherein the Wi-Fi
communications manager is configured to
associate an indication of a current time with a location on
the list when the mobile station detects a Wi-Fi access
point at the location.
16. The mobile station of claim 15, wherein the Wi-Fi
communications manager is configured to
determine an amount of time that has elapsed since the
most recent time associated with a location in the list;
and
delete the location from the list if the amount of elapsed
time exceeds a threshold.
17. The mobile station of claim 12, wherein the plurality of
triggering events comprises at least one of
initiation of a cellular call involving the mobile station;
a dual mode service probe timer expiring; or
the mobile station losing contact with a source of location
information
18. The mobile station of claim 17, wherein the plurality of
triggering events comprises at least one of
a user-initiated probing mode; or
an update on information regarding a current location of
the mobile station.
19. The mobile station of claim 12, wherein the Wi-Fi
communications manager is configured to
determine whether a size of a list of locations of known
dual mode service zones exceeds a threshold; and
remove a location from the list that has not been visited by
the mobile station as recently as any of the other loca-
tions on the list.
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