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(57) Abstract: A power-save mode for awireless access point is provided. The wireless access point can determine if other wireless
stations are associated with the wireless access point. If there are no associations, then the wireless access point may enter a power-
save mode. Associations may be determined by recent associations with the wireless access point or by media access control address
activity. In the power-save mode, power may be reduced to at least one area of the wireless access point. In the power-save mode,
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point may |leave the power-save mode.
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SYSTEM AND METHOD FOR ACCESSPOINT POWER SAVE

TECHNICAL FIELD

[0001] The present specification describes an apparatus and method that
generally relates to saving power in acommunication system and specifically to saving
power in wireless LANS.

BACKGROUND

[0002 ] Access points (APs) are important wireless devices in WLAN technology.
Wireless devices can transfer data via access points using wireless technology.
Typically, APs operate such that they may be always on and active even if there are no
active wireless stations associated with them. Consider the situation in ahome
environment where auser connects awireless station with an AP and uses the
connection for browsing. If the user subsequently travels from home, e.g. to the office,
the user may return home from his work after 6 - 8 hours. The home-based AP may
still be in on state and actively operating with the AP beacon transmitting every
configured interval (atypical value istransmitting every 100ms). The AP has
consumed considerable power and has not provided useful communication to any
wireless stations. Thus, it would be beneficial if access points had a mode to reduce

power consumption under these conditions.
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SUMMARY

[ 0003] A method for saving power in awireless access point is disclosed. The
wireless access point can determine if there are any active associations related to the
access point. If there are no active associations, the access point can enter a power-save
mode wherein areas of the access point may operate with areduced power. Active
associations may be determined by examining alist of associated access points. Active
associations may aso be determined by examining alist of MAC addresses that may
have been active with the access point. The access point can |leave the power-save
mode when atriggering signal isreceived. In one embodiment, atriggering signal can

be a probe request.

[0004] A wireless access point that supports an AP power-save mode is
disclosed. The wireless access point may include an association table, an activity
monitor, and a power configurator. The activity monitor can monitor the association
table and determine if there are no wireless stations associated with the AP. If there are
Nno associated stations, then the activity monitor can signal the power configurator to
reduce power to a least one area of the wireless access point. If there are no associated
stations, then the power configurator can signal acontroller included in the wireless

access point to stop sending beacon signals.

[00051] The wireless access point may include a media access control (MAC)
address table and a MAC address ager. The MAC address ager may remove MAC
addresses from the MAC address table if no activity related to aparticular MAC address
occurs after a predetermined amount of time. The wireless access point may include a
MAC address table monitor. If the MAC address table is empty, then the MAC address
table monitor may signal the power configurator. In response, the power configurator
can reduce power to at least one portion of the wireless access point. If the MAC
address table is empty, then the power configurator can signal the controller included in

the wireless access point to stop sending beacon signals.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure lillustrates beacon and probe signaling between an access point

and awireless station according to the prior art.

[0007 1] Figure 2 is aflowchart of method steps implementing an AP power-save
mode.
[0008] Figure 3illustrates wireless activity of awireless system according to

one embodiment of the specification.
[0009] Figure 4 is ablock diagram of one embodiment of a wireless station.

[0010 ] The components in the figures are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the present specification. In the
figures, like reference numerals designate corresponding parts throughout the different

views.
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DETAILED DESCRIPTION

[0011] The present specification discloses an access point (AP) power-save

mode that may be used when there are no active wireless stations serviced by the AP.
[ 0012] Definitions

[0013]  Stations, wireless stations, mobile stations, wireless devices, mobile
devices and network cards (NIC) are equivaent functions/devices capable of

wireless communications with an access point.

[ 0014] Access points (APs) may be wireless stations used in awireless local
area network (WLAN) and may support |EEE 802.1 1 or equivaent
communications. An AP may also include arouter and may be referenced as
AP/router. Other wireless stations may associate with an AP. APs may provide
access to networks and/or computers beyond those that may be associated with the
AP by routing traffic from associated wireless stations to other devices beyond the
WLAN.

[ 0015] Soft-AP is a software application which may enable aWLAN
equipped wireless client such as alaptop or mobile phone to act asan AP or an

AP/router combination.

[0016] An active AP refers to an AP that is associated with at least one
wireless station or has at least one current media access control (MAC) address

entry for at least one wireless device.

[0017] Wireless stations may associate (register) with an AP to gain access to a
network. Association enables wireless stations to transmit and receive data to and from
the AP. Association may occur on wireless infrastructure networks, not in ad hoc (peer-
peer) networks, and may be logically analogous to connecting into awired network.

Typicaly, awireless station may only associate with one AP at atime.

[ 0018] Association occurs after authentication. Authentication establishes an
identity of awireless station but does not allow data transfer. An authenticated wireless

station may, for example, join abasic service set (BSS) of an AP, but data may not be
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transferred until the wireless station has associated with the AP.

[0019] Toassociate to an AP, the wireless station may send an association request.
Next, the AP may process the Association Request. The AP may accept the association
request in which case the AP may grant the association and may transmit and receive
frames (data) to/from the wireless station. The AP may make anote of the associated
wireless station to allow future data transfers without having to associate prior to every

transfer.

[ 0020] To prolong battery life of wireless stations, the IEEE 802. 11 standard
defines an optional "power save mode," which is available on many |EEE 802.11
compliant wireless devices. Typically, end users may simply turn the power save mode
on or off via a configuration tool. The wireless station may consume relatively less
power while in apower save mode by reducing power to unused circuits. Typicaly, a
timing circuit is left in apowered state. The timing circuit enables the wireless station
wake up periodically (return to anormal power state) to receive beacon transmissions
from the access point while otherwise operate at areduced power level. The beacons
may identify whether power save mode stations may have data packets buffered at the
access point and waiting for delivery. When awireless station in a power save mode
wakes up and learns from the beacons that there are packets waiting, the wireless station
can communicate with the access point to retrieve the data. After that, the wireless

station may return to the power save mode until the next beacon transmission.

[0021] Thereisno reciprocal, standardized power save mode available for APs.
Per current |IEEE 802.11 standards, beacons are transmitted by the AP when the AP is
switched on. Beacons are typically sent periodically every 100ms. Therefore, in 1
minute, the number of beacons transmitted may be 600. There may be a signification
amount of energy expended if there are no wireless stations actively communicating
with the AP.

[0022] For example, if an AP is switched on and there no associated wireless
station, the beacons may continue to be transmitted and the AP may operate at full
power. This behavior iscommon in 2.4 and 5 GHz. In this scenario, access points may

consume a certain amount of power to transmit beacons to no wireless stations.

[0023] Consider when amobile device such as amobile phone may act as an AP.
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This may be the case when a mobile device may run a Soft-AP program and the mobile
device may perform duties of an AP. The mobile device may transfer data for an
amount of time and may thereafter become idle because, for example, there may be no
associated wireless stations within range of the Soft-AP. The Soft-AP may still transmit
beacons and consume power until the user turns the Soft-AP off. Since mobile devices

are often battery powered, battery life may be adversely affected.

[0024] In such ascenario, i.e. where the user enables the Soft-AP and subsequently
does not use the AP functionality, saving power may be of particular interest to extend

battery life.

[00257 Figure 1illustrates beacon and probe signaling between an access point 102
and awireless station 101 according to the prior art. Per Figure 1, access point 102 may
periodically transmit beacons, which may be received by wireless station 101. A
beacon signal may be aperiodic transmission that may include information such as an
SSID (service set identifier) and capability information such as supported transmission
rates. Wireless station 101 may transmit a probe request that may be received by the
access point 102. A probe request may be sent to retrieve information regarding, among
other things, SSID and capability information. In turn, the access point 102 may
transmit a probe response to the wireless station 101. A probe response may be similar

to abeacon and contain SSID and capability information.

[0026]  In one embodiment, access points may save power when they are not
providing service to wireless stations. Figure 2 is aflowchart of method steps 200
implementing an AP power-save mode.

In step 201, a user associates a wireless station to an AP that supports AP power-save
mode. The user may use this association for accessing the Internet or transferring data
through the AP.

In step 202, the AP monitors MAC addresses used by the AP. The AP may maintain a
list of MAC addresses that may have been recently used. Oftentimes aMAC address
may correspond with an IP (internet protocol) address. The AP may use this
correspondence to route data for associated wireless stations to a particular 1P address.
The presence of a MAC address on this MAC address list may indicate an active or
recent connection between that particular MAC address and the AP. Since the MAC
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address list in the AP may have alimited amount of room, the AP may remove MAC
addresses from the list if the AP has not used them within a predetermined amount of
time. This processis caled MAC address aging herein.

In step 203, the AP monitors list of wireless stations associated with the AP. As
wireless stations associate through the AP, the AP may add these wireless stations to an
association list. The association list effectively enumerates wireless stations that may be
associated and actively transferring data to and from the AP or accessing the Internet

using the AP.

In step 204, if the MAC address list becomes empty and/or the association list becomes
empty, then the AP may enter an AP power-save mode. An empty MAC address list or
an empty association list may indicate that there are no active associations (i.e. no active
wireless stations) with the AP. In this mode, the AP may stop transmitting beacons and
reduce power consumption. In some embodiments, the AP may reduce power to one or

more areas of the AP.

In step 205, the AP waits for atrigger event. The trigger event can be used to indicate
that the AP should leave the AP power-save mode and return to normal operation. In
one embodiment, atrigger event can bereceiving aprobe request or receiving an active

scan request.

In step 206, upon receiving atrigger event, the AP exits the AP power-save mode. The

AP may resume transmitting beacons and/or probe responses.

[00271 Figure 3illustrates wireless activity of awireless system according to one
embodiment of the specification. The wireless system may include an access point 302
and awireless station 301. If the wireless station 301 is out of wireless range of the
access point 302, or if the wireless station 301 is powered down, then the wireless
station may not be included in the association list or the MAC address list maintained
by the access point 30 L If so. then the access point 302 may enter an AP power-save
mode 303 and not transmit beacons. Also, one or more areas of the access point 302

may be placed in areduced power mode.

[0028] Alternatively, wireless station 301 may be powered on and appear on the
association list or the MAC address list maintained by the access point 302. In
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response, access point 302 may enter an active mode 304, and begin transmitting
beacons. Also, in response to receiving a probe request, the access point 302 may

transmit a probe response to the wireless station 303.

[0029] In somelocdlities, the described AP power-save mode may only be
implemented for access points and wireless stations functioning in the 2.4 GHz ISM
(Industrial, Scientific and Medial) band. Operation in the 5GHz frequency band may
be more restrictive because of regulatory rules in somejurisdictions. For example,
some countries may restrict the transmission of probe requests in portions of the 5 GHz
band.

[0030] Figure4isablock diagram of one embodiment of awireless station 400.
The wireless station 400 may be configured to operate as an access point and may
include one or more data processing units 410 and one or more analog processing units
420 that may be configured to transmit and receive wireless data to other wireless
devices that may be associated with the wireless station 400. In one embodiment, the
data processing unit 410 may perform digital signal processing on data to be transmitted
and the analog processing unit 420 may convert digital data from the data processing
unit 410 into analog data and may modulate the analog data with a carrier frequency and
transmit the resulting signal. For simplicity, only one data processing unit 410 and one
analog processing unit 420 is shown in wireless station 400. Other embodiments may
include multiple data processing units 410 and analog processing units 420 as may be

the case for a multiple-input multiple-output (MIMO) system.

[0031] The wireless station 400 may also include acontroller 430. The controller
430 may be coupled to ahost (not shown). The controller 430 may receive data to be
transmitted from the host. The controller 430 may, among other things, process data
from the host prior to passing the data to the data processing unit 410 (wireless data
transmission). The controller 430 may also provide data to the host that has been
received by the data processing unit 410 and the analog processing unit 420 (wireless
data reception). Often, datafor transmission may need aMAC address in order to form
adata packet for transmission to a connected wireless device. The MAC address may
be stored in a MAC address table 440. If datais not transmitted or received from a
MAC address after a predetermined amount of time has elapsed, a MAC address ager
445 may remove the MAC address from the MAC address table 440.



WO 2013/086241 PCT/US2012/068310
10

[0032] A MAC address table monitor 450 may monitor the MAC address table 440.
The MAC address table monitor 450 may signal the power configurator 460 that the
MAC address table 440 may not include any MAC addresses. The power configurator
460 may signal the controller 430 to stop sending beacon signals. In response, the
power configurator 460 may reduce to power to one or more areas of the wireless
station 400. In one embodiment, the power configurator 460 may reduce power to the

data processing unit 410 and/or the analog processing unit 420.

[0033] The wireless station 400 may also include an association table 470. In one
embodiment, the association table 470 may include alist of access points actively
associated with the wireless station 400. By way of example, wireless station 400 may
act as an access point and may be associated with another wireless device, thereby
allowing wireless station 400 to receive data from or transmit data to the other wireless
device. The other wireless device may be noted in the association table 470. If the
other wireless device is no longer being serviced by the wireless station 400 (e.g. the
other wireless device may power down or move out of range of the wireless station
400), then the other wireless device may be removed from the association table 470 by
the controller 430. An activity monitor 475 may monitor the association table 470. If
the association table 470 does not include any wireless devices, then the activity
monitor 475 may signal the power configurator 460. In response, the power
configurator 460 may signal the controller 430 to stop sending beacons. The power
configurator 460 may also reduce power to at least one portion of the wireless station
400.

[0034] While various embodiments of the Specification have been described, it
will be apparent to those of ordinary skill in the art that many more embodiments and
implementations are possible that are within the scope of this Specification. For
example, any combination of any of the systems or methods described in this disclosure

is possible.
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CLAIMS

What is claimed is:
1. A method for saving power in awireless access point (AP), the method
comprising:
determining that there are no active connections related to the access point;
configuring the access point to be in a power-save mode wherein a least one
area of the access point operates in areduced power state; and
remaining in the power-save mode until the access point receives atriggering

signal.

2. The method of claim 1, wherein the active connections are determined by
examining alist of previously associated wireless stations and determining that the list

isempty.

3. The method of claim 2, wherein the active connections are further determined by
examining alist of media access control (MAC) addresses and determining that there
are no MAC addresses on the MAC address list.

4. The method of claim 1, wherein the access point does not transmit beacons in

the power-save mode.

5. The method of claim 3, the method further comprising:
receiving the triggering signal; and
configuring the access point to leave the power-save mode in response to

receiving the triggering signal.

6. The method in claim 5, wherein the trigging signal is a probe request from a

wireless station.

7. An access point comprising:
an association table configured to include alist of wireless stations that are
associated with the access point;

an activity monitor configured to monitor the association table; and
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apower configurator configured to reduce power to at least one area of the
access point when the activity monitor determines that there are no wireless stations

currently associated with the access point.

8. The access point of claim 7, wherein the power configurator is further
configured to stop the access point from transmitting beacon signals when the activity
monitor determines that there are no wireless stations currently associated with the

access point.

9. The access point of claim 7, further comprising:

amedia access control (MAC) address table configured to include MAC
addresses corresponding to wireless stations that have been associated with the access
point;

aMAC address ager configured to remove MAC addresses from the MAC
address table after a predetermined time period has passed if no activity has been
determined from aparticular MAC address,

aMAC address table monitor configured to determine the number of the MAC
addresses included in the MAC address table;

wherein the power configurator is further configured to reduce power to at least
one area of the access point when the MAC address table monitor determines that the
MAC address table is empty.

10. The access point of claim 9, wherein the power configurator is further
configured to stop the access point from transmitting beacon signals when MAC address

table monitor determines that the MAC address table is empty.

11.  The access point of claim 10, wherein the wireless station is further configured

to receive atrigger signal.

12. The access point of claim 11, wherein the trigger signal is a probe request.

13.  Theaccess point of claim 11, wherein the power configurator is further

configured to restore power to at least one area of the access point.
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14. The access point of claim 13, wherein the power configurator allows the access

point to transmit beacon signals.

15. A method for saving power in an access point, the method comprising:
allowing at least one wireless station to connect to the access point;
waiting for the connections to the access point to become inactive;
entering a power-save mode wherein the access point stops transmitting

beacons; and

leaving the power-save mode when the access point receives atrigger signal.

16. The method of claim 15, wherein the trigger signal is a probe request.

17. The method of claim 15, wherein the power-save mode also comprises reducing

the power to at least one area of the access point.
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