wo 2015/011091 A1 |1 I} NP0 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/011091 A1

29 January 2015 (29.01.2015) WIPO | PCT
(51) International Patent Classification: Dept, 1 rue Jeanne d'Arc, F-92443 Issy-les-Moulineaux
HO04W 52/02 (2009.01) (FR).
(21) International Application Number: (74) Agent: BARR, Angela; Technicolor, 1 rue Jeanne d'Arc,
PCT/EP2014/065621 F-92443 Issy-les-Moulineaux (FR).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
21 July 2014 (21.07.2014) kind of national protection available): AE, AG, AL, AM,
25) Filing L . Enalish AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(25) Filing Language: nglis BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(26) Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(30) Priority Data: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
13306057.4 23 July 2013 (23.07.2013) EP MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(71) Applicant: THOMSON LICENSING [FR/FR]; Tech- OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
nicolor, 1 rue Jeanne d'Arc, F-92443 Issy-les-Moulineaux SC, SD, SE, 8G, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM,
(FR). TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(72) Inventors: PEFKIANAKIS, Ioannis; Technicolor - IP&L

Dept, 1 rue Jeanne d'Arc, F-92443 Issy-les-Moulineaux
(FR). CHANDRASHEKAR, Jaideep; Technicolor -
IP&L Dept, 1 rue Jeanne d'Arc, F-92443 Issy-les-Moulin-
caux (FR). LUNDGREN, Henrik; Technicolor - IP&L

(84)

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[Continued on next page]

(54) Title: METHOD OF MANAGEMENT OF A WIRELESS INTERFACE OF A DEVICE AND CORRESPONDING WIRE-
LESS DEVICE

( Start )
~

31

y. —

Momitoring

!

\\,\f 32
OFF T

ON
e \Wimless I/F to turn {mfoﬁ’?\\\-—-—

/
33\/

¥ [

34
—

(57) Abstract: The present invention generally relates to a
management of a wireless interface of a device; the manage-
ment comprises steps of: - monitoring (31) of at least one
component of the device, other than a wireless network ele-
ment; - switch (33, 34) a power state of the wireless interface
to another power state according to the monitored activity.

low-~high power state
Wireless I/F

high -> low power state
Wireless UF

Fig. 3



WO 2015/011091 A1 WK 00T VAT AR A

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, Published:

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, __ P .

SM, TR), OAPI (BF, B, CF, CG, CL, CM, GA, GN, GQ. with international search report (Art. 21(3))
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))



10

15

20

25

30

WO 2015/011091 PCT/EP2014/065621

Method of management of a wireless interface of a device

and corresponding wireless device

1. Field of invention

The present invention generally relates to a method of
management of a wireless interface of a device. Embodiments of the invention
enable management of power consumption of a wireless device in a view to

optimize and reduce power consumption.

2. Technical background

Wireless interface typically consume amounts of energy. Thus,
there is a need for devices implementing one or several wireless interfaces
(especially for devices using a battery) to save energy. Some systems, such
as systems based on active periods and sleep periods specified by a network
protocol, enable power consumption to be reduced; however, they are not
optimized to save energy.

There is thus a need to improve energy saving in wireless systems.

3. Invention summary

The present invention proposes to alleviate some of the
inconveniences of prior art by enabling improvement of energy saving in a
wireless device (e.g. a smart phone, a laptop, a game console, a music or
video device).

According to a first aspect of the invention there is provided a method of
management of a wireless interface of a device, the wireless interface being
for connection to a wireless local area network the method comprising:
monitoring activity of at least one component of the device, other than a
wireless network element operable for connection to the wireless local area
network; switching a power state of the wireless interface to another power

state on the basis of the monitored activity.
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In an embodiment, the method includes determining if the device is within
operating range of at least one accessible wireless local area network and
switching the power state of the wireless interface if the device enters or
leaves an operating range.

In an embodiment, the device comprises at least one mobile network
interface for connection to a wireless wide area network, and wherein the
power state of the wireless interface is switched from a low power state to a
higher power state, in the case where activity is detected on the mobile
network interface.

In an embodiment, the power state of the wireless interface is switched
from a low power state to a higher power state, on the condition that the
device is within operating range of at least one accessible wireless local area
network.

In an embodiment, the power state of the wireless interface is switched
from a low power state to a higher power state, on the condition that the
application causing activity on the mobile network interface is compliant with a
wireless local area network.

In an embodiment, the method includes verifying, in the case where the
application belongs to a set of registered authorized applications, that can
switch from the mobile network interface to the wireless interface; or does not
belong to a set of registered unauthorized applications, that cannot switch
from the mobile network interface to the wireless interface; the application
being compliant with the wireless interface, in the case where the result of the
verification is positive.

In an embodiment, the device comprises at least one screen, if the
wireless interface is in a low power state, the wireless interface switches to a
higher power state, in the case where the at least one screen of the wireless
device is switched to an active state.

In an embodiment,, the device comprises at least a location module, and in
the case where the wireless interface is in a low power state, the wireless
interface switches to a higher state if a move greater than a move threshold is

detected by the location module.
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A second aspect of the invention concerns a wireless device comprising a
wireless interface for connection to a wireless local area network, the wireless
device comprising: a monitor adapted to monitor activity of at least one
component of the device , other than a wireless network element operable for
connection to the wireless local area network; a switch adapted to switch a
power state of the wireless interface to another power state on the basis of the
monitored activity.

In an embodiment, a wireless network detection module is provided for
determining if the device is within operating range of at least one accessible
wireless local area network wherein the switch is configured to change the
power state of the wireless interface if the device enters or leaves an
operating range.

In an embodiment, at least one mobile network interface is provided for
connection to a wireless wide area network, and wherein the switch is
configured to switch the power state of the wireless interface from a low power
state to a higher power state, in the case where activity is detected on the
mobile network interface.

In an embodiment, the power state of the wireless interface is switched
from a low power state to a higher power state, on the condition that the
device is within operating range of at least one accessible wireless local area
network.

In an embodiment, the power state of the wireless interface is switched
from a low power state to a higher power state, on the condition that the
application causing activity on the mobile network interface is compliant with a
wireless local area network.

In an embodiment the wireless device is provided with mobile phone
functionalities.

A further aspect of the invention provides a computer program product for
a programmable apparatus, the computer program product comprising a
sequence of instructions for implementing a method according to any
embodiment of the first aspect of the invention when loaded into and executed

by the programmable apparatus.
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More specifically, the wireless interface being in a lower power state, it
switches to a higher power state if an event associated with at least one
monitored component of the device, other than a wireless network element, is
detected.

In a specific embodiment, the wireless interface being in a high power
state, the wireless interface switches to lower power state, if no activity is
detected on the wireless interface during a time greater than an inactivity time
threshold.

In a specific embodiment, the device comprising at least one
screen, if the wireless interface is in a low power state, the wireless interface
switches to a higher power state, if the at least one screen of the wireless
device is switched to an active state.

According to a specific implementation, the device comprising at
least a location module, if the wireless interface is in a low power state, the
wireless interface switches to a higher state if a move greater than a move
threshold is detected by the location module.

Specifically, the device comprising at least a mobile network
interface, if the wireless interface is in a low power state, the wireless interface
switches to a higher power state if an application use is detected on the
mobile network interface.

In a particular embodiment, the device comprising at least a mobile
network interface, if the wireless interface is in a low power state, the wireless
interface switches to higher power state if an application use is detected on
the mobile network interface and if the application is compliant with the
wireless interface.

According to a variant, the method comprises a check, if the
application

- belongs to a set of registered authorized applications, that can switch
from the mobile network interface to the wireless interface; or
- does not belong to a set of registered unauthorized applications, that
cannot switch from the mobile network interface to the wireless
interface;
the application being compliant with the wireless interface, if the result of the
check is positive.
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In a specific embodiment, if the wireless interface is in a low power
state and if an application use is detected on the mobile network interface, the
wireless interface is prevented to switch to a higher power state, if no wireless
network is available.

The invention also concerns a wireless device comprising:

- a monitor adapted to monitor at least one component of the device, other
than a wireless network element;

- a switch adapted to switch a power state of the wireless interface to
another power state according to the monitoring;

According to a specific implementation, the wireless interface being
in low power state, the switch is adapted to switch the wireless interface to a
higher power state if an event associated with at least one component of the
device, other than a wireless network element, is detected.

In a variant, the wireless interface being in high power state, the
switch is adapted to switch the wireless interface to lower power state, if no
activity is detected on the wireless interface during a time greater than an
inactivity time threshold.

According to specific embodiments, the wireless device comprises
mobile phone functionalities.

4. List of figures

More advantages of the invention will appear through the
description of particular, non-restricting embodiments of the invention,
illustrated or not by means of the accompanying drawings. The description
refers to the appended drawings in which:

- Figure 1 represents an example of wireless devices in network
environment;

- Figure 2 represents an exemplary architecture of the wireless
device represented in figure 1, according to an embodiment of
the invention;

- Figures 3 and 4 are flowcharts illustrating steps of methods
management of wireless interface of wireless device of figure 2
in accordance with embodiments of the invention; and
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- Figure 5 is a block diagram illustrating functional modules of the
wireless device of figures 1 or 2.

5. Detailed description of the invention

A wireless network element is an element dedicated to wireless use
such as antenna, RF stage, physical layer, MAC layer.

In embodiments of the invention, the monitoring of at least one
component of a wireless device, that is not a wireless network element, and
that may be an application, a location module, a screen, a key board, a
cellular network element, is used to turn off or turn on a wireless interface of
the wireless device. The inventors have realized that the wireless interface
consumes some energy, even it is not used. Then, according to embodiments
of the invention, a behavior or an event associated with a component of the
wireless device, that is not a wireless network element is monitored to switch
a power state (e.g. off/on power state or sleep/idle/active power states) of the
wireless interface, while this behavior or event entails that it is respectively
unlikely/likely that the wireless interface will be needed or used. For example,
if a screen is switched on, then, it is possible or likely in some circumstances
that the wireless interface will be used, then, if the wireless interface is on a
low power state (e.g. off, sleep or idle), it is switch to a higher power state
(e.g. on, idle or active). When the wireless interface is in high power state
(e.g. on, active, idle), if no activity is detected on the wireless interface during
a time greater than an inactivity time threshold (e.g. 10s.), the wireless
interface switches to a lower power state (e.g. off, idle, sleep). This enables
more time to be spent in off state (or sleep state) than in an idle state as
defined in wireless standard such as, for example, IEEE 802.11, that enables
reduced power consumption, but that still uses energy in in idle state (a state
in which no data can be received or sent), the wireless interface is still
powered. Even as this is a serious concern today, we expect the situation to
be exacerbated in the near future, as high speed features make their way into
the mobile devices. Recent features of IEEE 802.11 specifications (e.g. IEEE
802.11n or ac) such as Multiple-Input Multiple-Output (MIMO) and channel-

bonding require even higher power at idle state than before. Embodiments of
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the invention enables the time in idle state to be reduced, the off state of
wireless interface being privileged.

A number of power save mechanisms exist and have been
supported in the IEEE 802.11 standards (PSM, A-PSM, SMPS). However, the
energy gains from these mechanisms are modest in practice on mobile
devices in the day to day use of smartphones and tablets, for the following
reasons. First, they mainly rely on feedback from the wireless radio (e.g.,
losses, buffering, etc.) and are agnostic, even independent, of how the phone
is being made use of. Consequently, they spend considerable time *blindly"
looking for available networks or (potential) incoming traffic (even when it is
obvious that these are unlikely to manifest). Second, they are infrastructure-
driven and designed to extract the energy savings when the device is actually
associated with an AP; the average user today spends a considerable amount
of time outside of home or work, which are the two locations, generally
speaking, where the device might have the required credentials to associate
with an AP. Third, they offer limited adaptation of the power state by being
completely focused on increased performance, while being oblivious of the
power footprint of high speed features like MIMO and channel-bonding. Thus,
even as the general principles to conserve energy are well established, i.e.,
convert idle states to sleep as much as possible, the actual gains derived from
infrastructure solutions are limited.

Embodiments of the invention focus on a device (it is user centric
or device centric). It usually makes a determination of whether there will likely
be traffic in the near future based on a number of contextual signals and uses
this to allow the interface to sleep. While a wireless interface is asleep, a
device according to some embodiments of the invention tracks a mobile
network interface and reactivates the wireless interface when any traffic
activity is detected (so that the traffic can be offloaded). Some
implementations of the invention also prevent unnecessary scanning for
wireless network access points (APs), which also causes the interface to stay
idle for long periods, by leveraging mobility and screen state information.
Some implementations of the invention also incorporate an application
monitor to prevent interface transition decisions that may adversely affect

particular applications. Finally, some implementation of the invention also
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incorporate support for a low power level wireless module, which can be
optionally used to allow the wireless interface to operate at a lowest power
MIMO/channel-bandwidth setting, when idle listening cannot be avoided.
Apart from this low power level module, embodiments of the invention can
operate completely in a user space and can be implemented with very little
overhead to the system.

Wireless devices (such WiFi devices) have usually three states:

- In sleep state, a wireless interface is turned off, consuming a
small constant amount of power. Wireless interface cannot
accommodate traffic while sleeping.

- In idle state, the wireless interface consumes some power, by
being awake to listen for incoming transmissions. During idle
state, a wireless device still receives beacon frames.

- In active state, the wireless interface is transmitting, receiving
data.

Here, a low power state is defined as off state, sleep state or idle
state; a high power state is defined as on state, idle state or active state.
Considering off state and idle state, higher states are respectively on state
and active. Considering a sleep state, higher states are idle and active states.
Considering on state and idle state, lower states are respectively off state and
sleep state. Considering an active state, lower states are idle and sleep
states.

When three states, sleep, active and idle states (idle and active
states corresponding both to an on-state; the device on idle state cannot
receive or transmit data on wireless link, however, the wireless interface is on)
are identified, the estimated energy, E, consumed in one unit of time is equal
to:

E =Pu.Tx + P. Tix + Pidie. Tigle + Psieep- T steep-

where,

- Px (respectively Py) represents an estimation of Power
consumption for data reception (respectively transmission) in

active state;
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- T (respectively Ty) represents needed time in one unit of time
to receive (respectively transmit) the required application data
rate (active state);

- Psweep represents estimation of Power consumption in sleep
state;

- Tseeprepresents the time in idle state in one unit of time.

- Pige represents estimation of Power consumption in sleep state,
as estimated;

- Tgerepresents the time in sleep state in one unit of time.

So, according to the invention, the use of sleep state is optimized.

Here, a variant must be understood as a variant of the invention
and an embodiment or implementation are an embodiment or implementation
of the invention.

A wireless interface having low (respectively high) power state
corresponds to a wireless interface consuming a low (respectively high) power
level. A wireless interface having a lower (higher) power state than another
state correspond to a wireless interface consuming a lower (respectively
higher) power level than in the other state.

Figure 1 represents a wireless device 10 according to an
embodiment of the invention, in a typical network environment.

The wireless device 10 is adapted to be connected through a
wireless link 15 with wireless access points 13 and/or 14, that are themselves
linked to wide area network 12. The wireless device 10 and access points 13
and 14 comprise each at least a wireless interface adapted to enable local
wireless communication; typically, they can communicate together according
to a protocol such as IEEE 802.11, WiFi ®, IEEE 802.15 and its variants or
any other wireless local communication protocol.

The wireless device 10 also comprises a GPS interface able to get
its location from a GPS network.

The wireless device 10 also comprises a mobile interface able to
communicate with a mobile network 11 (typically a cellular network, e.g. a 3G
or LTE network).
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Figure 2 diagrammatically shows a preferred embodiment of the

wireless device 10, according to the invention.

The wireless device 10 comprises, connected to each other by an

address and data bus 106, also transporting a clock signal:

a microprocessor 100 (or CPU) ;

a non-volatile memory of the ROM type (Read Only Memory)
101 ;

a Random Access Memory or RAM 102 ;

a clock 103 ;

a screen 104;

a wireless network interface 105 adapted to communicate with a
wireless Local Area Network or another wireless device through
the wireless link 14;

a mobile network interface 107 (typically cellular network
interface) adapted to communicate with the mobile network 11;
and

a GPS interface 108 adapted to determine a position of the
device 10 using GPS network 16.

Each of the elements 100 to 108 is well known by a person skilled

in the art. These common elements are not described here.

The ROM memory 101 notably comprises a "prog" program 1010.

The algorithms implementing the steps of the method specific to the invention

and described below are stored in the memory ROM 101 associated with the

device 10 implementing these steps, and more specifically in program 1010.

When powered up, the microprocessor 100 loads in RAM 102 and runs the

instructions of these algorithms.

The random access memory 102 notably comprises:

in a register 1020, a loaded program corresponding to program
1010;

a state 1021, typically ON or OFF of the wireless device 105 ;

a value of a timer « Trimer » in a register 1022;

an information 1023 representative of a location or geographical

position of the device 10 (and, according to a specific
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implementation, of at least a location of authorized or location of
absence of any authorized network);

- ascreen state 1024, typically ON or OFF,;

- awireless interface state 1025, typically ON or OFF;

- a status of application 1026, typically elastic or not, or
authorized or not authorized for a switch from mobile network
interface to wireless network; according to a variant, this
register comprises a list of authorized applications for this
switch; according to another variant, this register comprises a
list of non-authorized applications for this switch;

- amobile interface state 1027, typically ON or OFF; and

- a wireless activity state 1028, typically inactive or active;
according to a variant, this register comprises a time since the
latest activity on wireless interface.

Figure 3 schematically illustrates steps of a method of
management of a wireless interface as implemented for example in the device
10 according to an embodiment of the invention.

During a first step 30, the device 10 initializes its various
components and variables.

Then, during a step 31, the device 10 monitors at least one of its
components that are not a wireless network element. This or these
components belong to a set comprising a screen, a man-machine interface
(e.g. a keyboard or a mouse), a location module, an application, or a mobile
network element. A wireless network is considered as a local network,
typically compliant with IEEE 802.11, WiFi ®, IEEE 802.15 and its variants or
any other wireless local communication network. A mobile network is typically
a wide area network (typically a cellular network such as a 3G or LTE
network). In particular, the device 10 monitors some specific events applied to
at least of its components, that are not a wireless network element, such as a
change of power state, state of applications that may use the wireless
interface and another network interface, a change in location of the device

and a switch on of a device screen.
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Then, during a test 32, the device 10 checks if it should switch a
power state of the wireless interface to another power state according to the
monitoring; more specifically, the device 10 decreases or increases the power
state of the wireless interface according to the monitoring; e.g. if a specific
monitored event occurs, and if the likelihood to use the wireless interface
increases or goes beyond a threshold, then the device 10 switches the power
state of the wireless interface to a higher power during a step 33; e.g. if an
application using another network interface (e.g. mobile network interface) can
also run on the wireless interface, then the device 10 also switches the power
state the wireless interface to a higher power state; on the contrary, if no
activity is detected on the wireless interface during a time equal to or greater
than a timer threshold (e.g. 10 seconds), then, the power state wireless
interface is switched to a lower power state during a step 34. After steps 33 or
34, step 31 is reiterated. According to a variant of invention, step 31 is done in
parallel of step 32, as a background task.

Figure 4 schematically illustrates detailed steps of a method of
wireless interface management, as implemented in the device 10 for example
according to an embodiment of the invention.

During a first step 40, the device 10 initializes its various
components and variables. At the end of step 40, for exemplary purpose, the
wireless interface 105 is assumed to be in a low power state (off, sleep or
idle).

Then, during a test 41, the device 10 checks if an application use is
detected on the mobile network interface and, more specifically, if an active
application tries to use or uses the mobile network interface 107 may switch to
the wireless interface 105.

It result of test 41 is negative (no application using the mobile
network interface 107 may switch to the wireless interface 105), during a test
42, the device 10 checks the device has made a move greater than a move
threshold; more specifically, the device 10 checks if location has changed
since a previous registered location corresponding to absence of wireless
network in the range of the device 10. If the difference between current

location and the previous location is greater than a location threshold (for
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example, equal to a mean value of the maximum value of a range of wireless
network access point, e.g. equal to 20 meters), then the location is considered
as changed and the current location is registered. Then, the device 10 checks
if it is or is not in a range of a wireless network. This can be performed on
different ways, e.g. by checking location using a server comprising a list of
wireless network locations or by, at least momentarily, turning on the wireless
interface to check if the device is in a range of an authorized wireless network
(authorized network means that the device is authorized to use this network),
by using a local list of location of available wireless authorization networks
(this list advantageously using registered location of wireless networks that
have previously been used by the device; this may be advantageous, because
the number of corresponding data may be reduced as most of devices are
using a specific work wireless network and a specific home wireless network)
and/or by using a list of locations identifying locations where no authorized
wireless network is available (this list advantageously using registered
locations that have previously been tested and where no authorized network
has been found by the device). The test 42 advantageously avoids useless
blind scan of wireless networks.

If the result of test 42 is negative (i.e. the location of the device is
considered as having not changed, or the device is considered as not being in
the ranged of an authorized wireless network), then during a test 43, the
device checks if at least a screen of the wireless device has switched on since
a previous check of screen in off state or wireless interface in off state.

If the result of test 43 is negative (i.e. no device screen has
switched on), the step 41 is reiterated. According to a variant, the step 41 is
triggered and reiterated after a minimum test period (e.g. 1 second) or a
specific event.

If the result of at least one of tests 41, 42 and 43 is positive (i.e. an
active application using the mobile network interface 107 may switch to the
wireless interface 105 for test 41; the location of the device is considered as
having changed and the device is considered as being in the range of an
authorized wireless network for test 42; at least a device screen has switched
on for test 43), during a step 44, the wireless interface 107 is switched from a
low power state to a higher power state and is associated with wireless
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network access point. This can be done in various way, e.g. by calling a
dedicated software or hardware function. For example, if the device is using
Android ®, it can call the function WiFiEnable(), that turns on the wireless
interface and associates the device with an access point. If finally, the device
cannot connect a wireless network (no credential), the application is informed
and may use the mobile network interface and the wireless interface is
switched to a lower power state, the test 41 being reiterated. In a variant, the
current location of device is registered with the corresponding status of
wireless network (an authorized network is available or not available). During
switch on of step 44, the device move from sleep state to either idle or active
state according to configuration of wireless interface (default or user
configuration). This new state may also depends on the event that has
triggered the switch on (e.g. change from screen off to on may entail an idle
state while, if an active elastic application is running and may use the wireless
interface, the wireless interface is directly switched to an active state).

According to another embodiment of the invention, only one or two
tests among tests 41, 42 and 43 are performed. E.g. if the device has no
cellular network interface or according to specific implementation or device
configuration, the test 41 is not performed.

According to another embodiment of the invention, two tests among
41, 42 and 43 must be positive to enable step 44; else, the tests 41, 42 and
43 are reiterated (either with or without a specific trigger such as a minimum
test period or an event).

According to another variant of invention, all tests 41, 42 and 43
must be positive to enable step 44; else, the tests 41, 42 and 43 are reiterated
(either with or without a specific trigger such as a minimum test period or an
event). In some embodiments, the order of tests 41, 42, 43 is different (e.g.
test 43 being performed before tests 41 and/or 42, or test 42 being performed
before test 41). According to this variant, in a specific embodiment, the device
moves from a first (resp. second) test to a second (resp. third) test, only if the
result of the current test is positive. In this embodiment, the easier or less
consuming test (e.g. test 43) is advantageously performed first. According to a
specific implementation, tests 41, 42 and 43 are triggered respectively by an
event (e.g. dedicated software event or dedicated hardware signal) associated
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respectively to the launch of an application running or susceptible to use the
mobile network interface, a change of location and a screen switch on.

It would be useful to switch an application from a mobile network to
a wireless network or to enable this application to run directly on the wireless
network than a mobile network, because the user may prefer to use a wireless
network than a mobile network (that may be more expensive to use or with a
lower quality of service, a wireless network being usually faster than a mobile
network). In these conditions, the invention is still enabling a save of energy,
because according to state of the art, the wireless device would consumed
more energy as being in state consuming power more often than according to
the invention. The use of off state is increased and enables an application to
run efficiently and/or without disrupting the service provided to a user.

According to a particular embodiment of the invention, the transition
to wireless interface is seamless when an application is transiting from mobile
network to wireless network or when it is launched directly on wireless
interface. If a previous connection using a wireless interface is stopping, the
application itself takes care of a new connection with another wireless network
or with a mobile network. According to the specific implementation, during test
41, the device also checkes if an application using or susceptible to use the
mobile network interface 107 may seamlessly use the wireless interface 105.
An elastic application is an application compliant with the wireless interface
and that can switch from the mobile network interface to the wireless
interface; more specifically, it is an application that can use the wireless
interface 105 without disruption when it is switched from a mobile network to a
wireless network. Examples of elastic applications are connections to
YouTube ® service or web browsing. When a connection on wireless interface
is disrupted, the application using the disrupted connection contacts again a
corresponding distant server (that can be done using the mobile network
interface); routing tables can changed at a TCP level. If a non elastic
application is running on mobile network interface, the wireless network
interface is not activated. According to the particular embodiment, the use of
non elastic application on the mobile network interface prevents the device to
switch for mobile network interface to wireless network interface, any other

application continuing to use the mobile network interface; when all non-
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elastic applications (e.g. a game or voice over |IP application) running on

mobile network interface, the wireless interface can turn on (if susceptible to

be used by another application). According to specific embodiments, elastic

applications are identified as

- either belonging to a set of registered authorized applications, that can
switch from the mobile network interface to the wireless interface;

- or not belonging to a set of registered unauthorized applications, that
cannot switch from the mobile network interface to the wireless interface.
The method comprises a check, if the application is an elastic application, and
if the result of the check is positive (i.e. the application is an elastic
application), the application is considered as being compliant with the wireless
network interface and can switch from mobile network interface to wireless

network interface.

According to miscellaneous variants, the authorized or unauthorized
applications are registered in the device 10 or in a distant server, that is
accessed by the device 10. According to other variants, when the device 10
does not know if an application is authorized or not to switch, it first tries to
switch to the wireless interface and if the behavior of application is fine (e.g.
the application continues to run with a correct behavior or quality of service),
then it stays on the wireless network (and may registered the application as
an authorized application); else, the behavior of the application is not fine (e.g.
the application stop running or have a bad behavior or quality of service), then
it switches back on the mobile network (and may registered the application as
an unauthorized application).

Information representative of device location is provided according
to any means. This location information may, for example, be obtained from
the mobile network and/or the GPS 108 and/or any user information. For this
purpose, a device 10 running on Android ® system may use the commands
location.getAccuracy(), location.getAltitude(), location. getlLatitude() and
location.getlLongitude().

Information representative of screen state is provided according to
any means. This screen state information may, for example, be obtained for
any dedicated software variable or hardware register. For this purpose, a
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device 10 running on Android ® system may use the command isScreenOn(),
this function saying what is the state of a screen device.

As summary, in step 44, the wireless interface 105 being in a lower
power state, it switches to a higher power state if an event associated with at
least one monitored component of the device, other than a wireless network
element, is detected. This enables energy to be saved in the wireless network
interface 105, as the power state of the wireless interface is staying at a low
level if no specific event associated with a likelihood or possibility to use the
wireless network occurs. In addition, if the wireless interface is in a low power
state and if an application use is detected on the mobile network interface
and/or screen activity, the wireless interface is prevented to switch to a higher
power state, if no authorized wireless network is available. This also enables
energy to be saved.

After step 44, if the device 10 is in a high power state, during a test
45, the device checks continuously if there is no activity during a defined
inactivity time threshold (e.g. 10 seconds). For this purpose, the device 10
uses a timer Trimer 1022 (that may be configured by a user or distant
command according to miscellaneous implementations), that is launched,
when an inactivity period starts on wireless interface (i.e. no application is
using the wireless interface); when the timer expires, the device 10 switches
the wireless interface to a lower power state. This can be done using a
dedicated software or hardware command. E.g. if the device is running on
Android ®, it can use the command WiFiDisable() to turn off the wireless
interface. Then, one of the tests 41, 42 and 43 is reiterated according to
different implementations. According to a variant, during step 45, the device
may first switch from active state after expiry of a first timer (e.g. 10 seconds)
and then, to a sleep state after expiry of a second additional timer (e.g. after 5
other seconds) or according to a specific configuration of wireless interface.

As summary, in step 45, the wireless interface 105 being in a high
power state, it switches to lower power state, if no activity is detected on the
wireless interface during a time greater than an inactivity time threshold. This
enables to switch the wireless network interface to a lower power state rather
early after a period of inactivity and, thus, to save energy.
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According to a specific implementation, a user may turn on the
wireless interface of the device, while it is in off state.

Figure 5 illustrates a functional diagram implemented in the device
10.

The device 10 comprises a monitor adapted to monitor at least one
of its component, other than a wireless network element, e.g. an application
(typically a wuser application running on the device), an information
representative of the device location, a phone use indicator such as activity on
key board or switch on or wake up of the screen 104. The device 10 also
comprises a switch adapted to switch a power state of the wireless interface
105 to another power state according to the monitoring result.

More specifically, the device 10 comprises:

a screen monitor 50 adapted to monitor a state of screen
104 and perform step 43;

- a mobile network monitor 51 adapted to monitor an activity
of mobile network interface and/or applications (e.g. user
application) that may run on mobile network interface or
wireless network interface; the monitor 51 is also adapted to
perform step 41;

- a location monitor 52 adapted to monitor a device location
provided by the mobile network interface 107 or GPS
module 108; the monitor 52 is also adapted to perform step
42; and

- a timer 54 able to manage the timer of absence of activity
on wireless network interface in view of monitoring of
wireless interface 105.

The device 10 also comprises a controller 53 including a power
state switch and able to switch the power state of wireless interface to a
higher power state according to results provided by monitors 50 to 52. The
controller 53 is also able to switch the power state of wireless interface to a
lower power state according to expiry of inactivity timer 54. The controller 53
is also adapted to perform steps 44 to 46. Then, the wireless interface being

in low power state, the device 10 is adapted to switch the wireless interface
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105 to a higher power state if an event associated with at least one
component of the device (such as screen 104, key board, user application,
cell network interface and/or location), other than a wireless network element,
is detected. In addition, the wireless interface 105 being in high power state,
the device 10 is adapted to switch the wireless interface 105 to lower power
state, if no activity is detected on the wireless interface during a time greater
than an inactivity time threshold.

According to specific embodiment, the device 10 comprises mobile
phone functionalities; such a device is, for example, a smart phone or a tablet
fitted with a mobile network interface.

Naturally, the invention is not limited to the embodiments previously
described.

In particular, the invention is compliant with any type of wireless
system device that comprises at least a wireless network interface, that is
adapted to have at least two power states.

The invention is not limited to switch power states of a wireless
network interface having least two or three power states and applies to
wireless network interfaces having more than three power states (e.g. 4, 5 or
more). The invention is not limited to switch power states of a wireless
network interface having on/off power states or sleep/idle/active power states
and applies to wireless network interfaces having other power states that have
different levels of power state from low to a high power states.

The invention is not limited to implementation in a IEEE 802.11,
IEEE 802.15 or WiFi wireless interface and applies to any kind of wireless
network interface having different power states.

The monitoring is not limited to mobile network application, screen
state and location and can apply to monitoring of any element of the device
other than a network element (e.g. user interface element or a specific
element (e.g. a card reader) used by a user-application).

The implementations described herein may be implemented in, for
example, a method, an apparatus, a software program or a system. Even if
only discussed in the context of a single form of implementation (for example,
discussed only as a method or a device), the implementation of features
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discussed may also be implemented in other forms (for example a program).
The gateway may be implemented in, for example, appropriate hardware,
software, and firmware. The methods may be implemented in, for example, an
apparatus such as, for example, a processor, which refers to processing
devices in general, including, for example, a computer, a microprocessor, an
integrated circuit, or a programmable logic device..

Additionally, the methods may be implemented by instructions
being performed by a processor in the wireless device system, and such
instructions (and/or data values produced by an implementation) may be
stored on a processor-readable medium such as, for example, an integrated
circuit, a software carrier or other storage device such as, for example, a hard
disk, a compact diskette (“CD”), an optical disc (such as, for example, a DVD,
often referred to as a digital versatile disc or a digital video disc), a random
access memory (“RAM”), or a read-only memory (“ROM”). The instructions
may form an application program tangibly embodied on a processor-readable
medium. Instructions may be, for example, in hardware, firmware, software, or
a combination. Instructions may be found in, for example, an operating
system, a separate application, or a combination of the two. A processor may
be characterized, therefore, as, for example, both a device configured to carry
out a process and a device that includes a processor-readable medium (such
as a storage device) having instructions for carrying out a process. Further, a
processor-readable medium may store, in addition to or in lieu of instructions,
data values produced by an implementation.

As will be evident to one of skill in the art, implementations may
produce a variety of signals formatted to carry information that may be, for
example, stored or transmitted. The information may include, for example,
instructions for performing a method, or data produced or got by one of the
described implementations. For example, a signal may be formatted to carry
as data the rules for writing or reading the syntax of a described embodiment,
or to carry as data the actual syntax-values written by a described
embodiment. Such a signal may be formatted, for example, as an
electromagnetic wave (for example, using a radio frequency portion of
spectrum) or as a baseband signal. The formatting may include, for example,
encoding a data stream and modulating a carrier with the encoded data
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stream. The information that the signal carries may be, for example, analog or
digital information. The signal may be transmitted over a variety of different
wired or wireless links, as is known. The signal may be stored on a processor-
readable medium.

A number of implementations have been described. Nevertheless,
it will be understood that various modifications may be made. For example,
elements of different implementations may be combined, supplemented,
modified, or removed to produce other implementations. Additionally, one of
ordinary skill will understand that other structures and processes may be
substituted for those disclosed and the resulting implementations will perform
at least substantially the same function(s), in at least substantially the same
way(s), to achieve at least substantially the same result(s) as the
implementations disclosed. Accordingly, these and other implementations are

contemplated by this application.
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Claims

1. Method of management of a wireless interface of a device, the wireless
interface being for connection to a wireless local area network the method
comprising:

- monitoring (31) activity of at least one component of the device, other than
a wireless network element operable for connection to the wireless local
area network;

- switching (33, 34) a power state of the wireless interface to another power
state on the basis of the monitored activity.

2. Method according to claim 1, comprising determining if the device is
within operating range of at least one accessible wireless local area network
and switching the power state of the wireless interface if the device enters or

leaves an operating range.

3. Method according to claim 1 or 2 wherein the device comprises at least
one mobile network interface for connection to a wireless wide area network,
and wherein the power state of the wireless interface is switched from a low
power state to a higher power state, in the case where activity is detected on
the mobile network interface.

4. Method according to claim 3 wherein the power state of the wireless
interface is switched from a low power state to a higher power state, on the
condition that the device is within operating range of at least one accessible
wireless local area network.

5. Method according to claim 3 or 4 wherein the power state of the
wireless interface is switched from a low power state to a higher power state,
on the condition that the application causing activity on the mobile network

interface is compliant with a wireless local area network.

6. Method according to claim 5, further comprising verifying, in the case

where the application
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- belongs to a set of registered authorized applications, that can switch from
the mobile network interface to the wireless interface; or

- does not belong to a set of registered unauthorized applications, that
cannot switch from the mobile network interface to the wireless interface;

the application being compliant with the wireless interface, in the case where

the result of the check is positive.

7. Method according to any preceding claim, wherein, the device
comprises at least one screen, if the wireless interface is in a low power state,
the wireless interface switches to a higher power state, in the case where the
at least one screen of the wireless device is switched to an active state.

8. Method according to any preceding claim, wherein, the device
comprises at least a location module, and in the case where the wireless
interface is in a low power state, the wireless interface switches to a higher
state if a move greater than a move threshold is detected by the location

module.

9. Wireless device (10) comprising a wireless interface for connection to a

wireless local area network, the wireless device comprising:

- a monitor (50, 51, 52) adapted to monitor activity of at least one
component of the device (104, 107, 108), other than a wireless network
element operable for connection to the wireless local area network;

- a switch (563) adapted to switch a power state of the wireless interface to
another power state on the basis of the monitored activity.

10. Device according to claim 9, comprising a wireless network detection
module for determining if the device is within operating range of at least one
accessible wireless local area network wherein the switch is configured to
change the power state of the wireless interface if the device enters or leaves
an operating range.

11.  Device according to claim 9 or 10 comprising at least one mobile

network interface for connection to a wireless wide area network, and wherein
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the switch is configured to switch the power state of the wireless interface
from a low power state to a higher power state, in the case where activity is
detected on the mobile network interface.

12.  Device according to claim 11 wherein the power state of the wireless
interface is switched from a low power state to a higher power state, on the
condition that the device is within operating range of at least one accessible

wireless local area network.

13. Device according to claim 11 or 12 wherein the power state of the
wireless interface is switched from a low power state to a higher power state,
on the condition that the application causing activity on the mobile network

interface is compliant with a wireless local area network.

14. Wireless device according to any one of claims 9 to 13, comprising mobile
phone functionalities.

15. A computer program product for a programmable apparatus, the
computer program product comprising a sequence of instructions for
implementing a method according to any one of claims 1 to 8 when loaded
into and executed by the programmable apparatus.
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