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A system and method for wireless communication over multi-rate channels are disclosed. One embodiment of the system operates
on wake-up schedules for power saving. The system Includes a first multi-band wireless station that is capable of using a first
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the first station, the second station, and an access point.
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Description

Title of Invention: SYSTEM AND METHOD FOR POWER
SAVING BY COORDINATED WAKE-UP IN A WIRELESS

[1]

[2]

[3]

[4]

[S]

[6]

[ 7]

MULTI-BAND NETWORK
Technical Field

The present invention relates to a wireless network, and 1n particular, to a wireless

network having multi-rate channels.

Background Art

Wireless networks typically include a plurality of wireless stations. Such wireless
stations can communicate with each other on a wireless channel having a selected
frequency.

Certain wireless stations can use multiple channels for transmission and/or reception
of signals. For example, a wireless station can use a high-rate channel (for example, 60
GHz channel) and a low-rate channel (2.4/5 GHz channel). Such a wireless station can
use either or both of the channels, depending on the needs.

It 1s often desirable to use a higher frequency channel among the multiple channels to
have a higher transmission rate. However, such a higher frequency channel may not be
always available for transmission between two wireless stations at a given time. Thus,
there 1s a need for managing the use of the multiple channels to optimize wireless

transmissions between the wireless stations.

Disclosure of Invention
Solution to Problem

In one embodiment, there 1s a device for wireless communication. The device
comprises: a first antenna system configured to use a first frequency band for wireless
communication; and a second antenna system configured to use a second frequency

band for wireless communication.

Advantageous Effects of Invention

The methods of the embodiments described above allow a multi-band station to test
the availability ot an access point and/or another station without performing un-
necessary scanning during their sleep periods. Thus, the multi-band station can ef-
fectively and promptly associate with an access point or the other station on an unas-
sociated band. This also saves power, which 1s an important resource in most wireless

devices, especially mobile devices.

Brief Description of Drawings

Figure 1 1s a block diagram 1illustrating an example wireless network including a
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plurality ot sub-networks.
Figure 2 1s a block diagram of a wireless network including a low-rate basic service

set and high-rate basic service sets according to one embodiment.

Figure 3 1s a block diagram illustrating a multi-band wireless device having high-rate
and low-rate communication capabilities according to one embodiment.

Figure 4 1s a block diagram illustrating the MAC layer of the wireless device of
Figure 3, including a multi-band manager according to one embodiment.

Figures SA-3D 1llustrate a method ot wireless communication by multi-band wireless
devices according to one embodiment.

Figure 6 1s a timing diagram 1illustrating a method of wireless communication by a
multi-band wireless device transmitting a wake-up information element tor wake-up
schedules according to one embodiment.

Figure 7A 1s a frame format ot an information element including information on an
awake window according to one embodiment.

Figure 7B 1s a frame format ot an information element including information on a
wake-up schedule according to one embodiment.

Figure 8 1s a timing diagram illustrating a method of wireless communication by
multi-band wireless devices operating on wake-up schedules according to one em-
bodiment.

Figure 9 1s a flowchart 1llustrating a method of wireless communication using a

wake-up schedule according to one embodiment.

Best Mode for Carrying out the Invention

In one embodiment, there 1s a device for wireless communication. The device
comprises: a first antenna system configured to use a first frequency band for wireless
communication; and a second antenna system configured to use a second frequency
band for wireless communication. The second trequency band i1s ditferent from the
first frequency band. The device further comprises a memory configured to store 1in-
formation comprising one or more wake-up schedules on the second trequency band of
the device and/or other wireless devices; and a medium access control (MAC) layer
configured to transmit and/or receive a signal via a pre-established wireless link on the
first frequency band, wherein the signal contains at least part of the one or more wake-
up schedules.

In another embodiment, there 1s a wireless communication system. The system
comprises: a first multi-band wireless station that 1s capable of using a first frequency
band and a second trequency band for wireless communication. The second frequency
band 1s different from the first frequency band. The system also comprises a second

multi-band wireless station that 1s capable of using the first frequency band and the



CA 02774873 2012-03-21

WO 2011/034405 PCT/KR2010/006497

[19]

[20]

[21]

[22]

second trequency band for wireless communication. One or more ot the first and
second stations 1s contigured to maintain therein one or more wake-up schedules on
the second frequency band of one or more of the first station, the second station, and an
access point. The first and second stations are configured to share the one or more

wake-up schedules with each other via the first frequency band.
In yet another embodiment, there 1s a method of wireless communication. The

method comprises: establishing, by a first multi-band wireless station capable of using
first and second trequency bands tfor wireless communication, a wireless link on the
first frequency band with a second multi-band wireless station capable of using the
first and second trequency bands tor wireless communication. The second trequency
band 1s different from the first frequency band. The method also comprises
transmitting, by the first station, one or more wake-up schedules on the second
frequency band to the second station via the first frequency band. The one or more
wake-up schedules comprise a wake-up schedule of the first station and/or an access
point. The access point 1s associated with the first station on the second trequency
band.

In yet another embodiment, there 1s a method of wireless communication. The
method comprises: establishing, by a first multi-band wireless station capable of using
first and second frequency bands tfor wireless communication, a wireless link on the
first frequency band with a second multi-band wireless station capable of using the
first and second frequency bands tor wireless communication. The second trequency
band 1s different from the first frequency band. The method also comprises receiving,
by the first station, one or more wake-up schedules on the second trequency band from
the second station via the first tfrequency band. The one or more wake-up schedules
comprise a wake-up schedule of the second station and/or an access point. The access

point 1s associated with the second station on the second trequency band.

Mode for the Invention

The following detailed description of certain embodiments presents various de-
scriptions of specitic embodiments ot the invention. However, the invention can be
embodied 1n a multitude ot different ways as defined and covered by the claims. In this
description, reference 1s made to the drawings where like reference numerals indicate
identical or functionally similar elements.

The terminology used in the description presented herein 1s not intended to be 1n-
terpreted 1n any limited or restrictive manner, simply because it 1s being utilized in
conjunction with a detailed description of certain specific embodiments of the
invention. Furthermore, embodiments of the invention may include several novel

features, no single one of which 1s solely responsible tor its desirable attributes or
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which 1s essential to practicing the inventions herein described. Various processors,
memories, computer readable media and programs can be used to implement the
invention.

Overview of Wireless Network

Reterring to Figure 1, an example wireless network will be described below. The
wireless network 1 includes a plurality of sub-networks 10, 20, 30 and a network
backbone 40. The illustrated portion of the network 1 includes three sub-networks, but
a skilled technologist will appreciate that the network can include more or less sub-
networks.

Each of the sub-networks 10, 20, 30 includes an access point 110, 120, 130 and one
or more wireless stations or devices 111-114, 121-126, 131-134. Each of the access
points 110-130 1s capable ot performing wireless communication with the one or more
wireless stations within the sub-network according to a wireless communication
protocol. The access points 110-130 are also connected to the network backbone 40 via
wired or wireless channels 50. Each of the access points 110-130 may provide commu-
nication between stations within its respective sub-network 10-30 or between a station
in 1ts sub-network and another station in another sub-network. The term “‘access point™
can also be referred to as a “coordinator’” in this document. A network including such
an access point can be reterred to as an infrastructure network. In the context ot this
document, an access point and non-access point stations in communication with the
access point can be collectively referred to as a basic service set.

The one or more wireless stations 111-114, 121-126, 131-134 are located within a
coverage region within which the access point can communicate wirelessly. The one or
more stations 111-114, 121-126, 131-134 can be electronic devices that can wirelessly
connect to one or more of the access points 110, 120, 130. Examples of such electronic
devices include, but are not limited to, a mobile phone, a smart phone, a telephone, a
television, a set-top box, a computer monitor, a computer, a hand-held computer, an
electronic book device, a personal digital assistant (PDA), a microwave, a refrigerator,
a stereo system, a cassette recorder or player, a DVD player or recorder, a CD player
or recorder, a VCR, a digital video recorder (DVR), an MP3 player, a radio, a
camcorder, a camera, a digital camera, a portable memory chip, a washer, a dryer, a
washer/dryer, a copier, a tacsimile machine, a scanner, a multi functional peripheral
device, a wrist watch, a clock, a game device, etc. In certain arrangements, one or more
stations can belong to two or more sub-networks. In certain embodiments, at least one
of the access points 110, 120, 130 may be part of such an electronic device.

The network backbone 40 serves to interconnect the sub-networks 10, 20, 30 to one
another, providing a path tfor the exchange of information between them. The network

backbone 40 can be connected to another backbone for communication with another
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[28] In one embodiment, the sub-networks 110-130 may be in compliance with the same

[29]
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[31]

[32]

[33]

communication protocol. In other embodiments, one of the sub-networks 110-130 may
comply with a communication protocol ditterent from the protocols ot the other sub-
networks. In some embodiments, the sub-networks 110-130 can use different
frequency bands from one another. In certain arrangements, the access points and the
stations may be in compliance with the IEEE 802.11 standard. In one embodiment, the
network 1 can form a wide area network (WAN), and each of the sub-networks 10-30
can form a local area network (LAN). In another embodiment, the network 1 can form
a local area network (LAN). In certain embodiments, at least one of the sub-networks
110-130 may form an ad-hoc network without an access point.

Wireless Networks Employing Multi-Rate Channels

In some embodiments, a wireless station or device can use multiple channels for
transmission and/or reception of data or control signals. Such a wireless station or
device can be referred to as a multi-band station or device in the context of this
document. In this document, the term “channel” can be interchangeably used with
“band,” “frequency band,” or “frequency.” For example, the multiple channels can
include two or more channels, including, but not limited to, 2.4/5 GHz (for example, 1n
current WiF1), 60 GHz, Bluetooth band (2.4 GHz), and Terahertz.

In one embodiment, a wireless station can use two channels: a high-rate channel
(HRC) and a low-rate channel (LRC) for transmission and/or reception. The term
“high-rate channel” can be interchangeably used with “high frequency channel,” “*high
frequency band,” “high-rate band,” or “high band” in this document. The term
“low-rate channel” can be interchangeably used with “low frequency channel,” “low
frequency band,” “low-rate band,” or “low band” in this document.

The high-rate channel has a shorter range than the low-rate channel. The high-rate
channel may be directional whereas the low-rate channel may be directional or omni-
directional. In certain embodiments, the low rate channel may be omni-directional as a
detault, and optionally directional. The channels can be established to be directional or
omni-directional by using different antenna systems. In the context of this document,
the terms “‘directional channel” and “omni-directional channel” can be interchangeably
used with “directional transmission/reception capability” and “omni-directional
transmission/reception capability,” respectively.

In one embodiment, the high-rate channel may have a trequency trom about 6 GHz
to about 300 GHz. Such a frequency may include an extremely high frequency (EHF).
The high-rate channel may be a 60 GHz channel that 1s supported by 60 GHz
millimeter-wave radio. In one embodiment, the communication range ot a 60GHz

channel for an indoor environment may be of the order of 10 meters. In other em-
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bodiments, the high-rate channel can use a terahertz trequency ranging between 300
GHz and 3 THz.

| 34] The low-rate channel may be a channel having a frequency below 6 GHz. In one em-
bodiment, the low-rate channel can be a 2.4 GHz or 5 GHz channel that can support
Wireless Local Area Network (WLAN). The intertace tor the low-rate channel may be
in compliance with IEEE 802.11. In one embodiment, the low-rate channel for an
indoor environment that has a frequency lower than 6 GHz can have a range ot about
20 meters to about 100 meters.

[35] In some embodiments, a multi-band station can be part of multiple infrastructure
networks that use channels of ditterent frequencies. Referring to Figure 2, one em-
bodiment of such multiple infrastructure networks will be described below. The 1l-
lustrated wireless system 200 includes a low-rate (LR) infrastructure network 210, a
first high-rate (HR) intrastructure network 220a, and a second high-rate (HR) 1nfras-
tructure network 220Db.

|36] The LR network 210 overlaps with the first HR network 220a and the second HR
network 220b. Because the LR network 210 uses a lower rate channel than the HR
networks 220a, 220b 1n data or control signal transmissions, the LR network 210 has a
greater coverage than the HR networks 220a, 220b. The first and second HR networks
220a, 220b do not overlap with each other due to a distance between them. The LR
network 210 can include a low-rate (LR) access point 215. The first and second HR
networks 220a, 220b can include first and second high-rate (HR) access points, re-
spectively. The tirst HR access point 225a may also be referred to as a tirst personal
basic service set (PBSS) control point (PCP) 1n the context of this document. The
second HR access point 225b may also be referred to as a second personal basic
service set (PBSS) control point (PCP) 1n the context of this document.

[37] The system 200 can also include a first multi-band station 230 and a second multi-
band station 240. In the 1llustrated instance, the first multi-band station 230 1s as-
sociated with the low-rate access point 215, and thus 1s part of the LR network 210
when using a low-rate channel. The tirst multi-band station 230 1s also associated with
the first high-rate access point 225a, and thus 1s part of the first HR network 220a
when using a high-rate channel. The second multi-band station 240 1s also associated
with the low-rate access point 215, and thus 1s part of the LR network 210 when using
the low-rate channel. The second multi-band station 240 1s also associated with the
second high-rate access point 225b, and thus 1s part of the second HR network 220b
when using the high-rate channel.

|38] In the embodiment shown in Figure 2, the LR network 210 that includes devices
using the low-rate channel (for example, the LR access point 215, the first station 230,

and the second station 240) can be referred to as a low-rate basic service set (LRBSS).
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The tirst HR network 220a that includes devices using the high-rate channel (for
example, the first HR access point 225a and the first station 230) can be referred to as a
first high-rate basic service set (HRBSS1). The second HR network 220b that includes
devices using the same high-rate channel as the first high-rate network 220a (for
example, the second HR access point 225b and the second station 240) can be reterred
to as a second high-rate basic service set (HRBSS2).

[39] During operation, the LR access point 215 can communicate with either or both of
the first and second stations 230, 240 via the low-rate channel. In one embodiment, the
first and second stations 230, 240 can start communication with the LR access point
215 by performing an association process. In certain embodiments, the low-rate access
point 215 can transmit low-rate beacon signals periodically to inform a transmission
schedule that can be used by devices within the network 210.

[40] In the context of this document, the term “‘association” can refer to a process to
establish a link between an access point and a non-access point station or between non-
access point stations. In one embodiment, the association process allows a non-access
point station to join in a network. The association process can include exchange ot an
association request and an association response between an access point and a non-
access point station. The association process can also include authentication ot devices
involved 1n the process. In certain embodiments, an association process for the high-
rate channel can include beamforming for directional transmission. In other em-
bodiments, the association process can refer to a process tor establishing a link
between two non-access point stations, which can involve exchange ot control frames,
beamforming, and/or authentication.

[41] The first and second stations 230, 240 can communicate with each other on the low-
rate channel via the LR access point 215. In another embodiment, the first and second
stations 230, 240 can communicate directly with each other on the low-rate channel via
a direct link or a peer-to-peer link, without using the LR access point 215.

[42] In some embodiments, the first HR access point 225a can transmit first beacon
signals periodically to inform a transmission schedule that can be used by devices
within 1ts network 220a. The first beacon signals are transmitted over the high-rate
channel, and can be directional. The first beacon signals can also be used by devices to
determine whether the devices are within the coverage of the first HR network 220a. It
it 1s determined that the devices are within the coverage of the tirst HR network 220a,
such devices can start communication with the tirst HR access point 225a by
performing an association process. Devices that have been associated with the tirst HR
access point 225a can communicate with each other on the high-rate channel, either via
the first HR access point 225a or directly.

143] Similarly, the second HR access point 225b can transmit second beacon signals peri-
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odically to inform a transmission schedule that can be used by devices within its
network 220b. The second beacon signals are transmitted over the high-rate channel,
and can be directional. The second beacon signals can include ditferent information
from the first beacon signals, and can be used by devices to determine whether the
devices are within the coverage ot the second HR network 220b. If 1t 1s determined that
the devices are within the coverage ot the second HR network 220b, such devices can
start communication with the second HR access point 225b by performing an as-
sociation process. Devices that have been associated with the second HR access point
225b can communicate with each other on the high-rate channel, either via the second
HR access point 225b or directly.

In the illustrated example, the first station 230 1s within the coverage of the tirst HR
basic service set 220a, and 1s associated with the ftirst HR access point 225a. The
second station 240 1s within the coverage of the second HR basic service set 220b, and
1s associated with the second HR access point 225b. In certain embodiments, the multi-
band stations 230, 240 may operate in a distributed mode without being associated
with the first or second HR access points 225a, 225b.

In the illustrated example, the first and second stations 230, 240 can communicate
with each other over the low-rate channel, but not over the high-rate channel due to a
distance between them. However, when either or both of the first and second stations
230, 240 are relocated close enough to each other to allow communication over the
high-rate channel, they can also communicate over the high-rate channel.

Referring to Figure 3, a multi-band wireless station that can communicate with one
Or more stations or access points via a high-rate channel and a low-rate channel
according to one embodiment will be described below. The illustrated wireless station
300 may serve as a transmitter. The wireless station 300 can include an application
layer 310, a medium access control (MAC) layer 320, and a physical (PHY) layer 330,
and a first antenna system 342, and a second antenna system 344.

The application layer 310 may include a data pre-processing module 312 and a data
control module 314. The data pre-processing module 312 can perform pre-processing
of data, such as partitioning of data. The data control module 314 provides a standard
way to exchange data handling information such as capability information. For
example, before a connection begins, the data control module 314 negotiates the data
formats to be used, and when the need for the connection 1s completed, data control
commands are used to stop the connection.

The MAC layer 320 may include a control plane 322, a management plane 324, a
high-rate data plane 326, and a low-rate data plane 328. The control plane 322 serves
to control how the station 300 gains access to data and permission to transmit it over

the network. In one embodiment, at least one of the control plane 322 can include a
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high-rate control plane and a low-rate control plane to provide access control over the
high-rate channel and the low-rate channel, respectively. Further, the management
plane 324 can include a high-rate management plane and a low-rate management plane
to provide channel management over the high-rate channel and the low-rate channel,
respectively.

The high-rate data plane 326 serves to process data tfrom the application layer 310 to
form packets suitable for high-rate transmission over a high-rate channel 352. The low-
rate data plane 328 serves to process data from the application layer 310 to form
packets suitable tfor low-rate transmission over a low-rate channel 354. In one em-
bodiment, both the high rate data plane 326 and the low rate data plane 328 may use
the control plane 322 and the management plane 324 when transmitting data. In other
embodiments, each of the high rate data plane 326 and the low rate data plane 328 can
include dedicated control and management planes.

The PHY layer 330 serves to turther process the data and/or control packets tfrom the
MAC layer 320, and send them over wireless channels. The illustrated PHY layer 330
includes a high-rate (HR) PHY module 332 and a low-rate (LR) PHY module 334. The
high-rate PHY module 332 adds PHY headers to data packets, and sends the packets
over the high-rate channel 352 via the first antenna system 342. The first antenna
system 342 may be capable of directional transmission and/or reception. The low-rate
PHY module 332 adds PHY headers to control or data packets from the MAC layer
320, and sends the packets over the low-rate channel 354 via the second antenna
system 344. The second antenna system may be capable of omni-directional and/or di-
rectional transmission and/or reception. In certain embodiments, the second antenna
system 344 1s contigured to pertorm omni-directional transmission/reception as a
detault and to optionally provide directional transmission/reception.

Alternatively, the illustrated wireless station 300 may serve as a receiver. When
serving as a receiver, the application layer 310, the MAC layer 320, and the PHY layer
330 of the station 300 can perform an inverse processing method of the layers 310-330
to regenerate data from data packets transmitted from another station over the wireless
channels. A skilled technologist will appreciate that the contiguration of the station can
vary widely, depending on the design of the station as long as the station can send data
and control information via a high rate channel and a low-rate channel, as described
above.

Reterring to Figure 4, the MAC layer of a multi-band wireless station (for example,
the first and second stations 230, 240 of Figure 2) according to one embodiment will
be described below. The 1llustrated MAC layer 320 can also include a multi-band

manager 400 in addition to one or more of the components 322, 324, 326, 328 of the
MAC layer 320 ot Figure 3.
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The multi-band manager 400 serves to manage use of multiple bands, based at least
partly on multi-band information 430. The multi-band information 430 can be stored in
a storage device (tor example, a memory, a solid state disk, and/or a hard disk) of the
multi-band station itself. At least part ot the multi-band information 430 can be
provided and updated by the multi-band station. In addition, at least part of the multi-
band information 430 can be provided and updated by another wireless station or an
access point.

In some embodiments, access points and/or non-access point wireless stations can
periodically switch between an active mode and an inactive mode for saving power.
The term “‘active mode” can also be referred to as an “awake mode” or “normal mode.”
The term “inactive mode” can also be referred to as a ““sleep mode,” “‘doze mode,” or
“power saving mode.” Each of such access points and non-access point stations can
have a wake-up cycle or schedule. In such embodiments, the multi-band information
430 can also include information on the wake-up cycle or schedule ot one or more ot
the access points and non-access point stations.

In the illustrated embodiment, the multi-band manager 400 can include a fast session
transter module 410 and a wake-up cycle monitor module 420. The wake-up cycle
monitor module 420 can monitor the wake-up cycle or schedule of i1ts own and one or
more of the access points and other non-access point stations on one or more of the
multiple bands, based at least partly on the multi-band information 430. Other details
of the operation ot the multi-band station including the wake-up cycle monitor module
420 will be described below in connection with Figures SA-9.

The fast session transter module 410 can switch transmission between the multiple
bands, based at least partly on the availability of the bands and the wake-up cycle or
schedule of an access point and/or another wireless station. For example, while the first
station 230 (Figure 2) 1s using the low-rate band in communication with the second
station 240 (Figure 2), the first station 230 can switch to the high-rate band 1t the high-
rate band 1s available tor communication with the second station 240 and the second
station 240 1s awake. A skilled technologist will appreciate that the modules 410, 420
can be implemented using various software and/or hardware components, not limited
to those shown 1n Figure 4.

In one embodiment, the LR access point 215 ot Figure 2 can include an application
layer, a MAC layer, and a PHY layer which are contigured to process, send, and
receive signals over the low-rate channel. Each of the HR access points 225a, 225b ot
Figure 2 can include an application layer, a MAC layer, and a PHY layer which are
configured to process, send, and receive signals over the high-rate channel. A skilled
technologist will appreciate that various configurations of access points can be adapted
for use as the LR access point 215 and the HR access points 225a, 225b.
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[ 58] Wake-Up Coordination In Multi-Band Wireless Network
[59] A multi-band wireless system can include multi-band wireless stations, each ot

which can use multiple bands tor wireless communication with another station.
Because the multiple bands may have ditterent characteristics (for example, coverage
and signal strength) from one another, the multi-band wireless stations may be 1n a
situation to be able to use some of the multiple bands, but not other bands, for wireless
communication at a given time.

[60] In such an 1nstance, the stations can be associated with each other via one of
available bands, and use the band for communication between the stations. For
example, the stations can be associated with each other over a low frequency band. In
the context of this document, a band which multi-band stations are currently using for
communication between them can be referred to as an ““associated band.” On the other
hand, a band which multi-band stations are not currently using for communication
between them can be referred to as an “unassociated band.” However, it may be
desirable to use an unassociated band (for example, a higher frequency band) for faster
data transmission when the unassociated band becomes available. Thus, there 1s a need
for keeping track of the status and/or availability of the multiple bands.

[61] In one embodiment, two or more multi-band wireless stations can form a link or
connection for communication by associating with each other on a first (associated)
band of multiple bands. The multi-band wireless stations can exchange information ot
a second (unassociated) band on which no link i1s currently established between the
stations. The exchange of the information can be pertormed on the first (associated)
band. Based on the exchanged information, the stations can determine whether the
second (unassociated) band 1s now available for data transmission between them, and
can switch to the second band if the second band 1s available,

[162] In some embodiments, access points and/or non-access point wireless stations can
periodically switch between awake mode and sleep mode on one or more wake-up
schedules for saving power. In certain embodiments, access points and/or non-access
point stations in a multi-band wireless system (for example, the system 200 ot Figure
2) can use such a power saving scheme with wake-up schedules different from one
another. In addition, each ot the access point and the stations can have independent
wake-up schedules on the multiple bands that 1t can use.

[163] In such embodiments, atter any two ot the access point and the stations establish a
link on a first (associated) band, either or both of the two devices may be in sleep mode
on a second (unassociated) band. For example, two multi-band stations, which have
formed a link therebetween on a low-tfrequency band, can be active on the low-
frequency band while either or both of the stations are 1n sleep mode on a high-

frequency band. In such an instance, an attempt by a station to associate with an access
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point 1n sleep mode or to establish a link with another station 1n sleep mode on the
unassociated band would be unsuccesstul. In addition, without having information on
the wake-up schedules of the access point and/or the other station, the station needs to
make multiple attempts until it can successtully communicate with the access point or
the other station in awake mode. This would not only take long time, but also waste
power, thereby adversely attecting the pertormance of the station. Thus, there 1s a need
for exchanging information on the wake-up schedules 1n advance between the stations
in a multi-band wireless system.

In one embodiment, non-access point wireless stations 1n a multi-band wireless
system share information on the wake-up schedules on an unassociated band of an
access point and/or the non-access point stations in the system, using an associated
band. In addition, the access point on the unassociated band may also share such 1n-
formation with the non-access point stations. In another embodiment, the non-access
point wireless stations can share information on the awake windows on an unas-
sociated band of the non-access point stations i1n the system, using an associated band.
The non-access point stations can share such information with one another.

In some embodiments, the access point on an unassociated band can adjust i1ts wake-
up duty cycle on the unassociated band for facilitating association with one or more
stations. Some of the wireless stations can also adjust their wake-up duty cycles on an
unassociated band for facilitating setting up a link between the stations. Further, some
of the wireless stations can adjust their awake windows on an unassociated band for fa-
cilitating setting up a link between the stations. These schemes allow the stations in the
multi-band wireless system to etfectively and quickly associate with an access point
and to establish a link therebetween, thereby saving power.

Referring to Figures 5SA-5D, a method of wireless communication between multi-
band stations in multi-band networks according to one embodiment will be described
below. As shown 1n Figure 5A, a first multi-band station 230 and a second multi-band
station 240 are within the range of a low-rate network 210. Both of the first and second
stations 230 have performed an association process with a low-rate (LR) access point
215, and are now connected to the LR access point 215 on a low-rate band (or
channel). In the context of this document, such a network may also be referred to as a
low-rate basic service set (LRBSS).

At the same time, the first station 230 1s within the range of a first high-rate network
220a, and the second station 240 1s within the range of a second high-rate network
220Db. The first station 230 has performed an association process with a first high-rate
(HR) access point 225a, and 1s now connected to the first HR access point 225a on a
high-rate band (or channel). In the context ot this document, such a network may also

be referred to as a first high-rate basic service set (HRBSS1).
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|68] The second station 240 has performed an association process with a second high-rate
(HR) access point 225b, and 1s now connected to the second HR access point 225b on
the same high-rate band (or channel) as that of the first high-rate basic service set
(HRBSS1). In the context of this document, such a network may also be referred to as
a second high-rate basic service set (HRBSS2). Other details of the access points 215,
225a, 225b, and the stations 230, 240 can be as described above in connection with
Figure 2.

[69] Because there 1s no overlap between the first and second high-rate networks 220a,
220b, the first and second stations 230, 240 cannot communicate with each other over
the high-rate band. However, both the first and second stations 230, 240 are associated
with the LR access point 215 on the low-rate band, and thus the first and second
stations 230, 240 can establish a link on the low-rate band. The link may be, for
example, a peer-to-peer (P2P) link or a direct link specitied under IEEE 802.11
standard. The term “direct link™ refers to a bidirectional link from one non-access point
(non-AP) quality of service (QoS) station to another non-AP QoS station operating in
the same infrastructure QoS basic service set (BSS) that does not pass through a QoS
access point. Once a direct link has been set up, all frames can be exchanged directly
between the two non-AP QoS stations.

[ 70] In the context of this document, a band which multi-band stations are currently using
for communication between them can be referred to as an “‘associated band.” For
example, the low-rate band in Figure 5A can be an associated band. On the other hand,
a band which multi-band stations are not currently using for communication between
them (because no association between them has been yet established) can be reterred
to as an “‘unassociated band.” For example, the high-rate band in Figure SA can be an
unassociated band. A band may not be used for communication between multi-band
stations for various reasons, including, but not limited to: an inferior link quality (for
example, Bit Error Rate (BER), Signal to Interterence and Noise Ratio (SINR),
Received Signal Strength Indication (RSSI), and the like), a lower data rate, a lower
effective available time due to a higher channel load, a difterent awake schedule, and
distance separation.

| 71] In the 1llustrated embodiment, each of the first and second high-rate access points
225a, 225b, the first station 230, and the second station 240 can periodically switch
between awake mode and sleep mode on a wake-up schedule. One or more of the first
and second high-rate access points 225a, 225b, the first station 230, and the second
station 240 can have a ditferent wake-up schedule on the high-rate band trom the
others.

[72] In such an embodiment, the first and second stations 230, 240 can exchange 1n-

formation on the status of the unassociated (high-rate) band over the associated
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(low-rate) band. The information can include information on the wake-up schedules on
the unassociated (high-rate) band of the high-rate access points 225a, 225b, the first
station 230, and the second station 240. Details of the information will be described
below 1n connection with Figures 6, 7A and 7B.

In one embodiment, the information on the wake-up schedules can be periodically
generated and transmitted on the low-rate (used) band between the stations 230, 240.
In another embodiment, the information can be generated and transmitted by one of the
stations 230, 240 upon a request by the other of the stations 230, 240. In addition, the
information can be transmitted between the stations 230, 240 when there 1s a change in
the information. In certain embodiments, the information can be transmitted between
the stations 230, 240 only when there 1s a change 1n the information. In such em-
bodiments, less power 1s consumed by the stations than when the status 1s periodically
transmitted.

Referring to Figure 5B, the first station 230 has moved closer to the second HR
access point 225b such that the first station 230 1s within the range of the second HR
network 220b and 1s no longer within the range of the first HR network 220a. The first
station 230 can now successtully associate with the second high-rate access point 225b
during an awake period of the second HR access point 225b, based at least partly on
the information on the wake-up schedule ot the second HR access point 225b. Thus,
the first station 230 can avoid attempting to associate with the second HR access point
225b while the access point 225b 1s 1nactive, thereby preventing waste ot power.

Referring to Figure 5C, the first station 230 can send the second station 240 a request
to establish a link on the unassociated (high-rate) band with the second station during
an awake peri1od of the second station 230, based at least partly on the information on
the wake-up schedule of the second station 240. Thus, the first station 230 can avoid
attempting to establish a link with the second station 240 while the second station 240
1s 1nactive, thereby preventing waste ot power. In one embodiment, the link between
the first and second stations 230, 240 can be a direct link. In another embodiment, the
link between the first and second stations 230, 240 can be established via the low-rate
access point 215.

Once a link 1s established on the high-rate band between the tirst and second stations
230, 240, either or both of the stations 230, 240 can determine 1f a session transfer
from the low-rate band to the high-rate band can be triggered. The determination can
be based at least partly on, for instance, whether 1t may be more efticient to change the
transmission channel. Efficiency of the transmission can be determined by the multi-
band manager, based on various factors (for example, the beacon quality from the new
unassociated BSS meets the acceptable SNR limit). In one embodiment, this process

can be performed at least partly by the multi-band manager of the station 230, 240, as
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shown 1n Figure 4. After the session transter 1s completed, the first and second stations
230, 240 can use the link for data communication between them, as shown in Figure
SD.

Referring to Figure 6, one embodiment of wireless communication by a multi-band
wireless device operating on a wake-up schedule will be described below. In the 1l-
lustrated embodiment, awake beacons and non-awake beacons are alternately
transmitted at a selected interval from an access point on one of multiple bands that the
multi-band device can use. The awake beacons are transmitted at, for example, t2, t4,
and t6 1n Figure 6. The non-awake Target Beacon Transmission Time (TBTT) occurs
at, tor example, t3 and t5 1n Figure 6. In one embodiment, the non-awake TBTTs may
not have beacons present when the access point 1s in sleep mode as well.

The multi-band station can switch between awake mode and sleep mode. For
example, the multi-band station, when 1t has a S0% awake period duty cycle (more
details on the awake period duty cycle will be described later), can be in awake mode
between an awake beacon and an immediately following non-awake beacon, and 1n
sleep mode between a non-awake beacon and an immediately following awake beacon.

In the illustrated embodiment, the multi-band wireless device can transmit a wake-up
schedule information element 601 on an associated band to an access point and/or
other stations on the associated band. The wake-up schedule information element 601
can be transmitted during a time period between t0 and t1.

The wake-up schedule information element 601 can include information on the
wake-up schedules of the unassociated band of the multi-band station itself or an
access point with which the multi-band station 1s associated. For example, in the em-
bodiment of Figures 5A-5D, the second station 240 can transmit a wake-up schedule
information element on the low-rate band. The information element can include the
wake-up schedules of the second station 240 itselt and/or the second high-rate access
point 225b.

In one embodiment, the wake-up schedule information element 601 can include 1n-
formation on the start time of a wake-up schedule on an unassociated band. In Figure
6, the start time can be t2.

The wake-up schedule information element 601 can also include information on a
sleep interval, which represents a time ditfference between the starting points in time of
two successive awake windows or a duration of one cycle of awake mode and sleep
mode. In Figure 6, the sleep interval can be a time difference between t2 and t4.

The wake-up schedule information element 601 can turther include information on
an awake window on the unassociated band. In Figure 6, the awake window can be
between t2 and t23. During the awake window of the multi-band station, other stations

can pertorm contention-based communication with the multi-band station on the unas-
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soclated band. While the multi-band station 1s 1n awake mode, but 1s out of the awake
window, other stations can pertorm pre-scheduled communication with the multi-band
station. A time period between t2 and t3 can be reterred to as an awake period. In
Figure 6, an awake window (t2 to t23) 1s shown to be shorter than the awake period (t2
to t3). However, 1n another embodiment, the length of the awake period and awake
window can be substantially the same as each other, 1.e., the awake period and awake
window substantially fully overlap with each other. Other details of the wake-up
schedule information element 601 will be described below 1n connection with Figures
7A and 7B.

Reterring to Figures 7A and 7B, one embodiment of a frame format for a wake-up
schedule information element will be described below. The wake-up schedule 1n-
formation element can be part of any suitable control frame exchanged between multi-
band wireless devices. The wake-up schedule information element can include 1n-
formation on wake-up schedules and/or awake window, as described above 1n
connection with Figure 6.

Reterring to Figure 7A, an information element according to one embodiment can
include information on the awake window ot the multi-band station. The 1llustrated in-
formation element 700A includes an element ID tield 710a, a length tield 720a, and an
awake window tield 730a.

In the 1llustrated embodiment, the element ID field 710a includes information 1n-
dicative of the identitier of the information element 700A, and 1s one octet long. The
length tield 720a indicates the length of the information element 700A, and 1s one octet
long. The awake window field 730a includes the length of the awake window
measured in microsecond, and 1s two octets long.

Reterring to Figure 7B, an information element according to another embodiment
can include information on the wake-up schedules of a multi-band station. The 1l-
lustrated information element 700B includes an element ID field 710b, a length field
720b, a start time field 740b, and a sleep interval field 750b.

In the 1llustrated embodiment, the element ID field 710b includes information 1n-
dicative of the identifier of the information element 700B, and 1s one octet long. The
length field 720b indicates the length of the information element 700B, and 1s one octet
long.

The start time tield 740b can be 4 octets long. For non-access point station
management, the start time field 740b can indicate anticipated start time, expressed in
microseconds, from the end of transmission of the information element to a first awake
beacon. The start time field 740b can include a value that represents the lower order 4
octets of a timing synchronization function (‘TSF) timer value at the start ot the first

awake beacon. The term “timing synchronization function™ refers to a tunction that
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keeps the timers for all stations 1n the same basic service set synchronized. An example
of the TSF timer 1s specitied in IEEE 802.11 standard. For access point power
management, the start time field 740b can indicate start time, expressed 1n mi-
croseconds, of a first non-awake beacon interval. The start time field 740b can include
a value that represents the lower order 4 octets of a TSF timer value at the start ot the
first non-awake beacon interval.

The sleep interval field 750b can be 2 octets long. For non-access point station
management, the sleep interval tield 750b indicates time, expressed in number of target
beacon transmission times (TBTTs), between two successive awake beacons. For
access point power management, the sleep interval field 750b indicates the length ot
the access point sleep interval, expressed in number of TBTTs. A skilled technologist
will appreciate that the contiguration and order ot each of the tields ot the information
elements ot Figures 7A and 7B can vary widely depending on the design of the
wireless system.

In certain embodiments, an information element can include information on both the
awake window ot the multi-band station and the wake-up schedules of the station and
its access point on the unassociated band. In such embodiments, the information
element can include an element 1D tield, a length field, an awake window field, a start
time field, and a sleep interval field. Details of these tields can be as described above
in connection with Figures 7A and 7B.

Reterring to Figure 8, a method of wireless communication between multi-band
wireless stations operating on a wake-up cycle or schedule according to one em-
bodiment will be described below. Figure 8 1s a timing diagram 1llustrating one
example of wake-up cycles on an unassociated (high-rate) band of the second high-rate
access point 225b, the first station 230, and the second station 240 of Figures SA-35D.

In the 1llustrated embodiment, the second station 240 1s associated with the second
high-rate access point 225b. The first station 230 1s associated with the first high-rate
(HR) access point 225a at first, as shown 1n Figure 5A. The first station 230 can move
close to the second HR access point 225b, as shown in Figure 5B. In the illustrated em-
bodiment, each of the first and second stations 230, 240 can share and monitor the
wake-up cycle or schedule of its own and one or more ot the access points and other
non-access point stations, as described above in connection with Figures 4 and SA.

In the illustrated embodiment, the second high-rate access point 225b transmits
awake beacons AB1-ABS and non-awake beacons NB1-NBJ5 at a selected interval. For
example, the second high-rate access point 225b can alternately transmit the beacons
AB1-AB5 and NB1-NB5S at t0O, tl, t2, ..., t9. The second high-rate access point 225 1s
awake during awake periods 801, for example, between tO and t1, between t2 and t3,
between t4 and t5, between t6 and t7, and between t8 and t9. In the 1llustrated em-
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bodiment, t1, t3, t5, t7, and t9 are at a midpoint between t0 and t2, between t2 and t4,
between t4 and t6, between t6 and t8 and between t8 and t10 (not shown), respectively.

[95] The second high-rate access point 225b has an awake period duty cycle of 50%. The
term “‘awake period duty cycle” refers to a ratio of an awake period duration to a sleep
interval. As described above, the sleep interval i1s a period between the starting points
in time of two immediately succeeding awake periods. With respect to the second
high-rate access point in Figure 6, it can be calculated tfrom, for example,
“(t1-t0)/(t2-t0)x 100.”

[96] The second station 240 1s awake during awake periods 811, for example, between t0
and tl, between t4 and t5, and between t8 and t9. The second station 240 has an awake
period duty cycle ot 25%, which can be calculated trom, tor example,

“(t1-t0)/(t4-t0)x 100.”

197] The second station 240 has an awake window during each of its awake period. The
awake window starts at the starting point in time of the awake period, and ends betore
the ending point in time of the awake period. In Figure 6, for example, a first awake
window 821 starts at tO and ends at tO1 which 1s between t0 and tl. A second awake
window 822 starts at t4 and ends at t45 which 1s between t4 and t5. A third awake
window 823 starts at t8 and ends at t89 which 1s between t8 and t9.

98] The first station 230 can have 1ts own wake-up schedule that 1s not synchronized with
the wake-up schedules of the second station 240 and/or the second high-rate access
point 225b. For example, the first station 230 can have awake periods 831a, based on
its wake-up schedule. However, the first station 230 can also have information on the
wake-up schedules of the second station 240 and/or the second high-rate access point
225b by receiving wake-up schedule information elements.

[99] When the first station 230 has moved close to the second high-rate access point 2235b,
the first station 230 can adjust i1ts wake-up schedule, based at least partly on the wake-
up schedule of the second high-rate access point 225b. For example, the first station
230 can have adjusted awake periods 831b that are at least partially synchronized with
the awake periods 801, 811 of the second station 240 and/or the second high-rate
access point 225b.

[ 100] Then, the first station 230 can attempt to associate with the second high-rate access
point 225b during an awake period 801 of the second high-rate access point 225b. For
example, the first station 230 can 1nitiate an association process with the second high-
rate access point 225b between t4 and t5.

[ 101] Once the association process 1s successfully completed, the first station 230 can also
attempt to establish a link with the second station 240 during an awake window of the
second station 240. For example, the first station 230 can attempt to set up a link with

the second station 240 during a next available awake window ot the second station
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240, tfor example, the third awake window 823. When setting up such a link, the first
station 230 can transmit a control frame to request for setting up, tor example, a direct
link. In one embodiment, the control frame can be an ad-hoc tratfic indication message
(ATIM). In another embodiment, the first station 230 can establish a link with the
second station 240 via the second high-rate access point 225b. In other embodiments,
the first station 230 can establish a link with the second station 240 without first as-
soclating with the high-rate access point 225b.

Reterring to Figure 9, a process ot wireless communication using a multi-band
wireless station operating on one or more wake-up schedules according to one em-
bodiment will be described below. The illustrated process can be performed by a
station (for example, the first station 230 of Figures SA-5D) moving close to a new
access point (for example, the second high-rate access point 225b of Figures SA-5D)
on an unassociated band (for example, a high-rate band). The access point can be as-
sociated with another wireless station (for example, the second station 240 ot Figures
SA-5D) on the unassociated band. The other station can have a pre-established link
with the station on an associated band (for example, a low-rate band).

At block 910, the first station 230 can receive a wake-up schedule information
element including information on the associated band. The information can include the
wake-up schedules of the second high-rate access point 225b and the second station
240 and the awake window ot the second station 240.

At block 920, the first station 230 can wake up immediately beftore or during an
awake period on the unassociated band of the second high-rate access point 225b,
based at least partly on the wake-up schedule of the second high-rate access point
225b. At block 930, the first station 230 can receive a beacon signal on the unas-
soclated band from the second high-rate access point 225b, and perform an association
process with the second high-rate access point 225b during the awake period on the
unassociated band. Then, the first station 230 can optionally go into an inactive or
sleep mode.

At block 940, the first station 230 can wake up immediately betore or during an
awake peri1od on the unassociated band of the second station 240, based at least partly
on information on the awake window of the second station 240. The first station 230
can establish a link with the second station 240 by performing an association process
during the awake window on the unassociated band.

At block 950, the first station 230 and the second station 240 can perform a session
transter from the associated band to the newly associated band. Then, the first and
second stations 230, 240 can communicate data with each other on the newly as-
sociated band.

In certain embodiments, an access point and/or non-access point stations can adjust
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their wake-up schedules atter exchanging wake-up schedule information elements with
one another for facilitating association and link formation. For example, after receiving
the wake-up schedules ot the second high-rate access point 225b and the second station
240 at block 910, the first station 230 can suggest an alternative wake-up schedule on
the unassociated band to the second high-rate access point 225b and the second station
240. In response, the second high-rate access point 225b and the second station 240
can adjust their wake-up schedules and/or awake window on the unassociated band. In
other embodiments, an access point and/or non-access point stations can adjust their
wake-up duty cycles on an unassociated band after exchanging wake-up schedule 1n-
formation elements with one another.

[108] In the methods ot the embodiments described above, one or more blocks may be
omitted, depending on the design of the system. In addition, two or more of the blocks
may be combined together. A skilled technologist will also appreciate that the methods
may include additional blocks, depending on the design of the system.

[109] The methods of the embodiments described above allow a multi-band station to test
the availability of an access point and/or another station without performing un-
necessary scanning during their sleep periods. Thus, the multi-band station can ef-
fectively and promptly associate with an access point or the other station on an unas-
sociated band. This also saves power, which 1s an important resource 1n most wireless
devices, especially mobile devices.

[110] The embodiments described above may be used ftor data (e.g., video data and audio
data) streaming over a wireless network. For example, the embodiments may be
adapted tor transmission of uncompressed video 1n a wireless local area network
(WLAN) under the IEEE 802.11 standard (for example, IEEE 802.11ad). The em-
bodiments can also be adapted tor a wireless system having a very high throughput
(VHT) of about 0.5 Gbps to about 4 Gbps. For example, the embodiments can be
adapted for a standard such as the WiGig standard. In other arrangements, the em-
bodiments can be adapted tor a wireless system having a bandwidth ot 60 GHz, while
supporting the IEEE 802.11 standard.

[111] While the above detailed description has shown, described, and pointed out the fun-
damental novel teatures of the invention as applied to various embodiments, it will be
understood that various omissions and substitutions and changes in the torm and
details of the system illustrated may be made by those skilled in the art, without
departing from the intent ot the invention.

[112]

[113]
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Claims:

1. A device for wireless communication, the device comprising:

a first antenna system that uses a first frequency band for wireless

communication;

a second antenna system that uses a second frequency band for wireless

communication, the second frequency band being different from the first frequency
band;

a memory that stores information comprising one or more wake-up

schedules on the second frequency band of one or both of the device and other

wireless devices; and

a physical (PHY) layer that transmits, receives or transmits and receives a
signal on the first frequency band, wherein the signal contains at least part of the

one or more wake-up schedules on one or both of the second frequency band of the

device and other wireless devices;

wherein the device switches communication between the first frequency band
and the second frequency band based on frequency band availability and the one or

more wakeup schedules of another wireless device.

2. The device of claim 1, wherein the first frequency band has a lower
frequency than the second frequency band, and wherein the first frequency band

has a longer range of transmission than the second frequency band.

3. The device of claim 2, wherein the first frequency band has a frequency of
about 2.4 or 5 GHz, and wherein the second frequency band has a frequency of
about 60 GHz.

4, The device of claim 2, wherein the first antenna system uses the first
frequency band for wireless communication in a first wireless network, and wherein

the second antenna system uses the second frequency band for wireless
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communication in a second wireless network different from the first wireless

network.

5. The device of claim 1, wherein the one or more wake-up schedules comprise
information on one or more of an awake period, a sleep period, and an awake

window.

6. The device of claim 1, wherein the one or more wake-up schedules comprise

information on one or both of a wake-up schedule start time and a sleep interval.

7. The device of claim 1, wherein the signal comprises an information element
containing one or more of an element ID field, a length of element field, and an

awake window field.

8. The device of claim 1, wherein the signal comprises an information element
containing one or more of an element ID field, a length of element field, a start

time field, and a sleep interval field.

0. The device of claim 1, wherein the PHY layer transmits the signal, wherein
the signal contains information on one or more wake-up schedules on the second
frequency band of one or both of the device and an access point with which the

device is associated.

10. The device of claim 1, wherein the PHY layer receives the signal, wherein the

signal contains information on one or more wake-up schedules on the second

frequency band of one or both of a non-access point wireless device and an access

point with which the non-access point wireless device is associated.

11. The device of claim 10, further comprising a medium access control (MAC)
layer, wherein the MAC layer adjusts the wake-up schedule of the device, based at

least partly on the information contained in the received signal.

12. The device of claim 11, wherein the device associates with one or both of an
access point and a non-access point wireless device via the second frequency band,

using the adjusted wake-up schedule of the device.
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13. The device of claim 10, wherein the PHY layer transmits a suggested wake-
up schedule on the second frequency band for one or more of the device, the other

non-access point wireless device, and the access point, based at least partly on the

information contained in the received signal.

14. The device of claim 1, wherein the first frequency band is a frequency band
on which a peer-to-peer communication link has been established by an association

process with another wireless device.

15. The device of claim 1, wherein the second frequency band is a frequency

band on which a peer-to-peer communication link has not been established by an

association process with another wireless device.

16. The device of claim 1, wherein the device is in awake mode on one or more

of the first frequency band and the second frequency band at a given time instance.

17. The device of claim 1, wherein the device switches from the first frequency
band to the second frequency band based on availability of communication on the
second frequency band with another wireless device and the other wireless device

being awake.

18. The device of claim 1, the one or more wakeup schedules of the wireless

device and the other wireless device are different from one another on the second

frequency band.

19. The device of claim 1, wherein the information comprising one or more wake-

up schedules on the second frequency band of one or both of the device and other
wireless devices is transmitted on the first frequency band between the device and

other devices only upon a change in the information.
20. A wireless communication system, the system comprising:

a first multi-band wireless station that uses a first frequency band and a
second frequency band for wireless communication, the second frequency band

being different from the first frequency band; and
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a second multi-band wireless station that uses the first
frequency band and the second frequency band for wireless communication,

wherein one or more of the first and second stations maintains therein one or
more wake-up schedules on the second frequency band of one or more of the first

station, the second station, and an access point, and

wherein the first and second stations communicate the one or more wake-up

schedules with each other via the first frequency band;

wherein the first station switches communication between the first frequency
band and the second frequency band based on frequency band availability and the

one or more wakeup schedules of the access point and the second station.

21. The system of claim 20, wherein the first frequency band has a lower
frequency than the second frequency band, and wherein the first frequency band

has a longer range of transmission than the second frequency band.

22. The system of claim 20, wherein the first and second stations establish a link
between the first and second stations on the first frequency band and to use the

link for sharing the one or more wake-up schedules.
23. The system of claim 20, further comprising:

a first access point associated with the first and second stations, using the

first frequency band; and

a second access point associated with one or more of the first and second

stations, using the second frequency band.

24. The system of claim 23, wherein the one or more wake-up schedules

comprise a wake-up schedule of the second access point.

25. The system of claim 20, wherein one or more of the stations adjusts its own

wake-up schedule, based at least partly on the one or more wake-up schedules.
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26. The system of claim 25, wherein the first and second stations communicate
with each other via the second frequency band, using the adjusted wake-up

schedule.

27. The system of claim 25, wherein the one or more of the stations associate
with the second access point on the second frequency band, using the adjusted

wake-up schedule.

28. The system of claim 20, wherein the first frequency band is a frequency band
on which a peer-to-peer communication link has been established by an association

process between the first and second stations.

29. The system of claim 20, wherein the second frequency band is a frequency
band on which a peer-to-peer communication link has not been established by an

association process between the first and second stations.

30. The system of claim 20, wherein each of the first and second stations is in
awake mode on one or more of the first frequency band and the second frequency

band at a given time instance.
31. A method of wireless communication, the method comprising:

establishing, by a first multi-band wireless station that uses first and second
frequency bands for wireless communication, a wireless link on the first frequency

band with a second multi-band wireless station capable of using the first and
second frequency bands for wireless communication, the second frequency band

being different from the first frequency band;

transmitting, by the first station, one or more wake-up schedules on the

second frequency band to the second station via the first frequency band,

wherein the one or more wake-up schedules comprise a wake-up schedule

of one or both of the first station and an access point, and

wherein the access point is associated with the first station on the second

frequency band;
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wherein the first station switches communication between the first frequency
band and the second frequency band based on frequency band availability and the

one or more wakeup schedules of the access point and the second station.

32. The method of claim 31, wherein the first frequency band has a lower
frequency than the second frequency band, and wherein the first frequency band

has a longer range of transmission than the second frequency band.

33. The method of claim 31, wherein the one or more wake-up schedules
comprise information on one or more of an awake period, a sleep period, and an

awake window.

34. The method of claim 31, wherein the one or more wake-up schedules
comprise information on one or both of a wake-up schedule start time and a sleep

interval.
35. A method of wireless communication, the method comprising:

establishing, by a first multi-band wireless station capable of using first and
second frequency bands for wireless communication, a wireless link on the first
frequency band with a second multi-band wireless station capable of using the first
and second frequency bands for wireless communication, the second frequency

band being different from the first frequency band;

receiving, by the first station, one or more wake-up schedules on the second
frequency band from the second station via the first frequency band,

wherein the one or more wake-up schedules comprise a wake-up schedule of

one or both of the second station and an access point, and

wherein the access point is associated with the second station on the second

frequency band;

wherein the first station switches communication between the first frequency
band and the second frequency band based on frequency band availability and the

one or more wakeup schedules of the access point and the second station.



CA 02774873 2015-09-03

27

36. The method of claim 35, wherein the first frequency band has a lower
frequency than the second frequency band, and wherein the first frequency band

has a longer range of transmission than the second frequency band.

37. The method of claim 35, further comprising adjusting the wake-up schedule

of the first station, based at least partly on the received wake-up schedule.

38. The method of claim 37, further comprising communicating, by the first
station, with one or both of the access point and the second station via the second

frequency band, based at least partly on the adjusted wake-up schedule.

39. The method of claim 35, further comprising transmitting a suggested wake-
up schedule for one or more of the first station, the second station, and the access

point, based at least partly on the received wake-up schedule.
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