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(57) Abstract: Various embodiments are directed to a wireless access point capable of reserving awireless commumcation channel
by sending a quiet message to multiple legacy devices. The quiet message may include data identifying periodic quiet durations dur-
ing which the legacy devices cannot access the wireless communication channel. The wireless access point may send a polling
schedule to the multiple low power wireless devices. The polling schedule may include data identifying the periodic quiet durations.
The wireless access point may then poll the multiple low power wireless devices during the periodic quiet durations. The low power
wireless devices can exchange data with the wireless access point during the quiet durations. The quiet message sent to the legacy
devices guarantees that the legacy devices will not use the specified channel during the quiet durations. Thus, communications with
the low power wireless devices may occur without interference from the legacy devices.
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SYSTEM AND METHOD FOR ENABLING L OW POWER DEVICES

BACKGROUND

[0001] Local area networks, such asthe Institute of Electrical and Electronics
Engineers (IEEE) 802.1 1 (WiFi) networks, are comprised of devices that utilize relatively
large amounts of bandwidth and power. For very low power wireless devices such as
sensors, it isimpractical to communicate over aWiFi network due to the power
requirements associated with large bandwidth transmissions. Low power devices
typically do not transfer large amounts of data and do not need to utilize large amounts of
bandwidth to operate. The base channel bandwidth for WiFi devices operating in the 2.4
and 5 GHz bands is approximately 20 MHz and the lowest data throughput rate is
approximately 6 Mbps (million bits per second) for the IEEE 802. 1| g and 802. 1In
standards. WiFi iswell suited for high data rate transfers but it consumes too much
power for smaller low power sensor or peripheral devices. Narrowing the channel
bandwidth and lowering the data rate would reduce power consumption for low power
devices but may create coexistence problems with the higher power consuming legacy
WiFi devices operating on the network. Accordingly, there may be aneed for improved

techniques to solve these and other problems.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1illustrates an embodiment of an example OSI stack for a

communications system.

[0003] FIG. 2 illustrates an embodiment of an example WiFi network.

[0004] FIG. 3illustrates an embodiment of a communications timeline.

[0005] FIG. 4 illustrates an embodiment of abeacon management frame.

[0006] FIG. 5 illustrates an embodiment of a probe response management frame.

[0007] FIG. 6 illustrates one embodiment of alogic flow.

[0008] FIG. 7 illustrates an embodiment of an exemplary computing architecture

suitable for implementing various embodiments.

DETAILED DESCRIPTION

[0009] WiFi isamechanism for wirelessly connecting e ectronic devices using the
Institute for Electrical and Electronics Engineers (IEEE) 802.11 family of standards. A
WiFi network istypically comprised of multiple devices that communicate with one
another and/or an external network. IEEE 802. 11isaset of standards for implementing
Wireless Local Area Network (WLAN) computer communication in the 2.4, and 5 GHz
frequency bands. Since most WLANS are also based on |IEEE 802. 11 standards the terms

Wi-Fi network and WLAN may be treated as synonymous in this disclosure.
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[0010] For purposes of this disclosure, certain WiFi devices may be termed legacy
devices. A legacy device represents adevice capable of wireless communication over a
WiFi network according to the rules and protocols of the network (e.g., 802. 11
communications). The rules define many of the conditions for wireless communication
including bandwidth allocations, modulation/coding schemes, etc. Legacy devices
typically utilize relatively large amounts of bandwidth and power. For instance, the base
channel bandwidth for legacy devices operating in the 2.4 and 5 GHz bands is
approximately 20 MHz and the lowest data throughput rate is approximately 6 Mbps for
the 802.1lg and 802.11n standards.

[001 1] Another of the devices in the WiFi network may be termed awireless access
point. The wireless access point may function as acontroller. In various embodiments, a
wireless access point may address the challenges faced by low power wireless devices
operating on higher power WiFi networks. The wireless access point may be responsible
for setting up wireless data channels and managing data communications among network
devices. A wireless access point may include, but isnot limited to, a controller, arouter,
an ethernet switch, and abroadband modem. The controller component may handle
automatic adjustments to radio frequency (RF) power, channel allocations,
authentication, and security for the WiFi network.

[0012] According to embodiments, awireless access point may reserve awireless
communication channel by sending aquiet message to one or more legacy devices
operating on the WiFi network. The quiet message may include data identifying periodic
quiet durations during which the legacy devices cannot access the wireless

communication channel. The quiet durations may reserve the channel for
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communications to and from one or more low power wireless devices. The wireless
access point may send apolling schedule to one or more low power wireless devices.
The polling schedule may include data identifying the periodic quiet durations. The
wireless access point may then poll the one or more low power wireless devices during
the periodic quiet durations. The low power wireless devices can exchange data with the
wireless access point during the quiet durations. The quiet message sent to the legacy
devices guarantees that the legacy devices will not access the specified channel during
the quiet durations. Thus, communications with the low power wireless devices may
occur without interference from the legacy devices during the quiet durations. When not
in aquiet duration, the low power wireless devices may enter a deep state.

[0013] The low power wireless devices may communicate with the wireless access
point over anew Physical Layer (PHY) that uses a substantially narrower wireless
communication channel bandwidth than the legacy devices use to communicate with the
wireless access point. 1n 802.1 1 communications, the PHY isthe air interface between
the wireless access point and the wireless devices and defines the manner with which the
devices communicate.

[0014] A legacy device may utilize up to 20 MHz of bandwidth to communicate with
the wireless access point while alow power wireless device may need only 1-2 MHz to
accomplish its functions. The low power wireless devices may also utilize a simpler
modulation/coding scheme than the legacy devices use to communicate with the wireless
access point. The legacy devices may use higher data rate modulation/coding schemes
such as Direct Sequence Spread Spectrum (DSSS), Orthogonal Frequency Division

Multiplexing (OFDM), Multiple In, Multiple Out Orthogona Frequency Division
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Multiplexing (MIMO-OFDM), Binary Phase Shift Keying (BPSK), Differential Binary
Phase Shift Keying (DBPSK), Quadrature Phase Shift Keying (QPSK), Differential
Quadrature Phase Shift Keying (DQPSK), or 16-State Quadrature Amplitude Modulation
(16-QAM). The low power wireless devices, by contrast, may use a simplified coding
scheme such as Frequency Shift Keying (FSK) or Gaussian Frequency Shift Keying
(GFSK).

[0015] The simpler modulation/coding schemes mean that the low power wireless
devices do not achieve data rates as high as the legacy wireless devices. Thisisnot an
issue because the low power wireless devices do not transmit nearly as much data as the
legacy wireless devices and do not require nearly as much throughput capability. For
example, the base channel bandwidth is20 MHZ wide and the lowest data rate is 6 Mbps
for 802. 1lg/n. By utilizing anarrower channel bandwidth and lower data rate (e.g.,
significantly less than 6 Mbps) the low power wireless devices use substantially less
power than the legacy devices and can afford, from apower perspective, to use the WiFi
network. The quiet message provides dedicated time periods in which the higher
powered legacy devices may not occupy the reserved channel. Since the low power
wireless devices do not have to vie for the channel with the legacy devices they can co-
exist on the WiFi network with the legacy devices even though they use a different PHY

to communicate with the wireless access point.

[0016] Reference is now made to the drawings, wherein like reference numerals are
used to refer to like elements throughout. In the following description, for purposes of
explanation, numerous specific details are set forth in order to provide athorough

understanding thereof. It may be evident, however, that the novel embodiments can be
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practiced without these specific details. In other instances, well known structures and
devices are shown in block diagram form in order to facilitate adescription thereof. The
intention isto cover al modifications, equivalents, and aternatives falling within the

spirit and scope of the claimed subject matter.

[0017] FIG. 1lillustrates the Open Systems Interconnection model (OSI model) for
characterizing and standardizing the functions of a communications system in terms of
seven (7) abstraction layers. The physical layer 102 may define electrical and physical
specifications for devices including modulation schemes and data throughput rates. The
embodiments described herein may utilize adifferent physical layer 102 for low power

devices than it does for legacy devices within aWiFi network.

[0018] The data link layer 104 may provide the functional and procedural means to
transfer data between network entities and to detect and possibly correct errors that may
occur in the physical layer 102. The network layer 106 may provide the functional and
procedural means of transferring variable length data sequences from a source host on
one network to adestination host on adifferent network. Thisisin contrast to the data
link layer 104 which connects hosts within the same network. The transport layer 108
may provide transparent transfer of data between end users, providing reliable data
transfer services to the upper layers. The session layer 110 may control the dialogues
(connections) between computers. The session layer 110 may establish, manage and
terminate the connections between the local and remote application. The presentation
layer 112 may transform data into aform that the application accepts. The presentation

layer 112 may also format and encrypt data to be sent across a network. The application
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layer 114 may interact with software applications that implement acommunicating

component.

[0019] FIG. 2 illustrates an embodiment of an example WiFi network 200. The WiFi
network 200 may be under the control of awireless access point 230. The wireless
access point 230 may include acontroller component 232, a modem component 2344, a
router component 2366, and a switch component 2388. For example, modem component
234 may be awireless transceiver having RF components similar to modem 758

described with reference to FIG. 7.

[0020] The controller component 232 may handle automatic adjustments to radio-
frequency (RF) power, channel allocations, authentication, and security for the WiFi
network 200 and multiple low power wireless devices 210-m and multiple legacy
wireless devices 220-n. The controller component 232 may be responsible for setting up
wireless data channels and managing data communications among the multiple low
power wireless devices 210-m and multiple legacy wireless devices 220-n. The
controller component 232 may also include logic 233 to carry out the responsibilities of
the controller component 232 such as, for instance, exchanging messages with the

multiple low power wireless devices 210-m and multiple legacy wireless devices 220-n.

[0021] The wireless access point 230 may also be communicatively coupled with an
external network 240. The multiple low power wireless devices 210-m and multiple
legacy wireless devices 220-n may be communicable with the external network 240 via

the modem component 234.
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[0022] In the WiFi network 200 of FIG. 2, arouter component 236 may pass data,
(e.g., web pages and email) between aWiFi legacy device 220-n and the modem
component 234 for communications involving external network 240. A router isadevice
that forwards data packets between computer networks. By contrast, anetwork switch,
such as an |EEE 802.3 (Ethernet) switch, isasmall hardware device that joins multiple
devices together within one local area network (LAN). Switches are incapable of joining
multiple networks or sharing an Internet connection. In one embodiment, the switch
component 238 may be an Ethernet switch arranged to communicatively couple the
multiple low power wireless devices 210-m and multiple legacy wireless devices 220-n
within the WiFi network 200.

[0023] The multiple low power wireless devices 210-m may be characterized by their
utilization of a second different PHY having anarrower channel bandwidth and lower
datarate than that typically associated with aWiFi network utilizing afirst PHY that may
be associated with the 802. 11 family of standards. By using less bandwidth and alower
datarate, the multiple low power wireless devices 210-m may use significantly less
power than the legacy wireless devices 220-n. Examples of low power wireless devices
210-m may include various sensor devices.

[0024] The multiple legacy wireless devices 220-n may be characterized by their
utilization of PHY s that comprise standard channel bandwidth, data rates, and modulation
schemes associated with aWiFi network operating under the 802. 11 family of standards.
Examples of legacy wireless devices 220-n may include, but are not limited to WiFi
enabled personal computers, notebook computers, tablet computers, smart phones,

printers, digital cameras, and other WiFi enabled electronic devices.
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[0025] In order to provide ensure that the low power wireless devices 210-m can
successfully operate on the WiFi network, measures are taken to allow the low power
wireless devices 210-m and the legacy wireless devices 220-n to co-exist. Co-existence
may be an issue because the low power wireless devices 210-m utilize anarrower
bandwidth and alower data rate than normal 802. 11 communications. The narrower
bandwidth and alower data rate mean that the low power wireless devices 210-m may

utilize adifferent PHY or air interface than the legacy wireless devices 220-n.

[0026] FIG. 3illustrates acommunications timeline according to an embodiment of
the disclosure. The wireless access point 230 may manage communications among the
multiple low power wireless devices 210-m and the legacy wireless devices 220-n within
the WiFi network 200. Because of the different PHY's used by the low power wireless
devices 210-m and legacy wireless devices 220-n, atiming scheme that prevents the
legacy wireless devices 220-n from using the channel at the same time as the low power

wireless devices 210-m i s needed.

[0027] The wireless access point 230 may sense and reserve achannel on behalf of
the low power sensor devices 210-m. The wireless access point 230 may use aquiet
message to reserve the channel for communications between the wireless access point

230 and the low power wireless devices 210-m.

[0028] In one embodiment, the quiet message may take the form of aquiet element
included as part of abeacon frame as shown in FIG. 4. The beacon frame isan 802.11
management frame that is sent periodically from the wireless access point 230 to

announce its presence and provide the Service Set Identifier (SSID) and other parameters
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to wireless devices within range of the WiFi network 200 associated with the wireless
access point 230. The SSID isaname that identifies aparticular 802.1 1WLAN or WiFi
network. The quiet element may be one of the parameters included in the beacon frame.
The quiet element may define aperiodic quiet duration during which period the legacy
wireless devices 220-n may not access the channel. The embodiments are not limited to

this example.

[0029] In one embodiment, the quiet message may take the form of aquiet element
included as part of aprobe response frame as shown in FIG. 5. The probe response
frame is an 802.1 1 management frame that is sent from the wireless access point 230
containing capability information, supported data rates and other parameters to wireless
devices within range of the WiFi network 200 associated with the wireless access point
230. The quiet element may be one of the parameters included in the probe response
frame. The quiet element may define aperiodic quiet duration during which period the
legacy wireless devices 220-n may not access the channel. The embodiments are not

limited to this example.

[0030] The quiet message may be transmitted to the legacy wireless devices 220-n in
a20 MHz channel according to the rules of the 802. 11 family of standards. Once the
legacy wireless devices 220-n receive and process the quiet message, the legacy wireless
devices 220-n may not access the channel during the quiet duration periods defined in the
guiet message because the channel has been reserved for communications between the

wireless access point 230 and the low power wireless devices 210-m.

10
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[0031] During the first (or a subsequent) quiet duration period as specified in the
guiet message, the wireless access point 230 may send apolling schedule to each of the
low power wireless devices 210-m using the new (second) PHY. The polling schedule
may include schedule data that matches the periodic quiet durations set out in the quiet
message. The polling schedule may provide time periods for the low power wireless
devices 210-m to communicate with the wireless access point 230. The polling schedule
may also provide instructions for the low power wireless devices 210-m are awake at the
beginning of aquiet duration. Thus, the polling schedule may ensure that the low power
wireless devices 210-m awaken such that they can communicate with the wireless access

point 230 during the quiet durations.

[0032] The polling schedule may be sent using anew PHY. The new PHY may be
characterized by anarrower bandwidth of approximately 1-2 MHz and asimple
modulation or coding scheme such as, for instance, FSK or GFSK. These characteristics
greatly reduce the power requirements and data rates of the low power wireless devices
210-m when communicating with the wireless access point 230. The embodiments are

not limited to these examples.

[0033] During al other periods of time that are not reserved for the low power
wireless devices 210-m, the wireless access point 230 may communicate over the channel
and exchange data with the legacy wireless devices 220-n. Such communications may be
carried out according to the rules of the 802.1 1 family of standards that may bein
operation on the WiFi network 200. In addition, the low power wireless devices 210-m

may enter a sleep state during the non-quiet duration time periods further reducing the

11



WO 2013/089747 PCT/US2011/065207

power requirements of the low power wireless devices 210-m. The sleep state does not
refer to the base functions performed by the low power wireless devices 210-m. The
sleep state only refers to communications with the wireless access point 230. Thus, if the
low power wireless devices 210-m are sensors, they may continue to gather data
according to their sensing capabilities while in a sleep state with respect to the wireless

access point 230.

[0034] When aquiet duration time period commences, the wireless access point 230
may poll the low power wireless devices 210-m. The low power wireless devices 210-m
should be awake as the previousy sent polling schedule has specified the quiet durations.
The wireless access point 230 may then poll (e.g., request data from) each low power
wireless device 210-m. Each low power wireless device 210-m may respond by sending
data it has acquired back to the wireless access point 230 since the last time it was polled.
The wireless access point 230 may then forward the data to other devices with which it

may communicate.

[0035] The WiFi network 200 may then settle into aperiodic routine of having the
wireless access point 230 poll the low power wireless devices 210-m during the quiet
durations according to the polling schedule generated using data from the quiet message.
At all other times, the wireless legacy devices 220-n may utilize the channel for normal

802.11 communications with the wireless access point 230.

[0036] Included herein are one or more flow charts representative of exemplary
methodologies for performing novel aspects of the disclosed architecture. While, for

purposes of simplicity of explanation, the one or more methodologies shown herein, for

12
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example, in the form of aflow chart or flow diagram, are shown and described as a series
of acts, it isto be understood and appreciated that the methodologies are not limited by
the order of acts, as some acts may, in accordance therewith, occur in adifferent order
and/or concurrently with other acts from that shown and described herein. For example,
those skilled in the art will understand and appreciate that a methodology could
alternatively berepresented as a series of interrelated states or events, such asin a state
diagram. Moreover, not al acts illustrated in a methodology may berequired for anovel

implementation.

[0037] FIG. 6 illustrates one embodiment of alogic flow 600 in which awireless
access point 230 implements process that allows one or more low power wireless devices
210-m to efficiently operate on aWiFi network 200. The logic flow 600 may be
representative of some or al of the operations executed by one or more embodiments

described herein.

[0038] A wireless access point 230 may reserve awireless communication channel
by sending a quiet message to one or more legacy wireless devices 220-n. The quiet
message may include data identifying periodic quiet durations during which the legacy
wireless devices 220-n cannot access the wireless communication channel. The wireless
access point 230 may send apolling schedule to one or more low power wireless devices
210-m. The polling schedule may include data identifying the periodic quiet durations.
The wireless access point 230 may then poll the one or more low power wireless devices
210-m during the periodic quiet durations. The low power wireless devices 210-m can

exchange data with the wireless access point 230 during the quiet durations. The low

13
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power wireless devices 210-m and the legacy wireless devices 220-n can co-exist on the
WiFi network 200 even if they use different PHY s because they do not access the
channel at the same time.

[0039] In the illustrated embodiment shown in FIG. 6, the logic flow may reserve a
wireless communication channel at block 602. For example, the wireless access point
230 may send aquiet message to one or more legacy wireless devices 220-n. The quiet
message may include data identifying periodic quiet durations during which the legacy
wireless devices 220-n do not access the wireless communication channel. The

embodiments are not limited to this example.

[0040] The logic flow 600 may send apolling schedule at block 604. For example,
the wireless access point 230 may incorporate the quiet duration data from the quiet
message into apolling schedule for each of the low power wireless devices 210-m. The

polling schedule may be sent to the low power wireless devices 210-m using anew PHY .

[0041] The new PHY may include characteristics that significantly reduce the power
consumption of the low power wireless devices 210-m. For instance, the channel
bandwidth may be considerably narrower than the 20 MHz standard channel bandwidth
set out in the 802. 11 family of standards. In addition, the data rate may be reduced to 2
Mbps which iswell below the minimum data rate of 6 Mbps for many in the 802. 11
family of standards. A simpler modulation/coding scheme may be utilized for the new
PHY to alow for communications over the narrower bandwidth at the reduced data rates.
For instance, FSK or GFSK may be used rather than the higher data rate modulation

schemes such as Direct Sequence Spread Spectrum (DSSS), Orthogonal Frequency

14
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Divison Multiplexing (OFDM), Multiple In, Multiple Out Orthogonal Frequency
Divison Multiplexing (MEVIO-OFDM), Binary Phase Shift Keying (BPSK), Differential
Binary Phase Shift Keying (DBPSK), Quadrature Phase Shift Keying (QPSK),
Differential Quadrature Phase Shift Keying (DQPSK), or 26-State Quadrature Amplitude

Modulation (16-QAM). The embodiments are not limited to this example.

[0042] The logic flow 600 may determine whether the WiFi network 200 isin aquiet
duration at block 606. For example, the wireless access point 230 may determine when a
quiet duration begins and ends based on the quiet message and corresponding polling
schedule. Depending on whether the WiFi network 200 isin aquiet duration or outside a
quiet duration, the wireless access point may perform or cause other components to
perform certain activities. The wireless access point 230 continually monitors the WiFi
network 200 and may alter its activities based on entering and/or exiting aquiet duration.

The embodiments are not limited to these examples.

[0043] The logic flow 600 may instruct the low power wireless devices 210-m to
enter asleep state at block 608 if it isdetermined that the WiFi network 200 isin aquiet
duration. For example, the low power wireless devices 210-m may have already received
and processed the polling schedule from the wireless access point 230. The polling
schedule includes data indicative of when the low power wireless devices 210-m may use
the channel for communications with the wireless access point 230. At al other times,
the low power wireless devices 210-m may enter a sleep state with respect to data
communications with the wireless access point 230 to conserve power. The Seep state

may not affect other functions of the low power wireless devices 210-m that are unrelated

15
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to communications with the wireless access point 230. For instance, if alow power
wireless device 210-m happens to be atemperature sensor, it will continue to monitor and
record temperature readings regardless of whether itisin asleep state with respect to
communicating with the wireless access point 230. The embodiments are not limited to

these examples.

[0044] The logic flow 600 may exchange data with the legacy wireless devices 220-n
at block 610 if it isdetermined that the WiFi network 200 isin aquiet duration. For
example, the legacy wireless devices 220-n may have already received and processed the
guiet message from the wireless access point 230. The quiet message includes data
indicative of when the legacy wireless devices 220-n may use the channel for
communications with the wireless access point 230. Because the WiFi network 200 is
not in aquiet duration, the legacy wireless devices 220-n may carry out normal 802. 11
communications with the wireless access point 230. The embodiments are not limited to

these examples.

[0045] The logic flow 600 may prevent the legacy wireless devices 220-n from
accessing the channel at block 612 if it isdetermined that the WiFi network 200 isnot in
aquiet duration. For example, the legacy wireless devices 220-n may have already
received and processed the quiet message from the wireless access point 230. The quiet
message includes data indicative of when the legacy wireless devices 220-n may use the
channel for communications with the wireless access point 230. Because the WiFi
network 200 isin aquiet duration, the legacy wireless devices 220-n may not carry out

normal 802.11 communications with the wireless access point 230 because the legacy

16
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wireless devices 220-n do not have access to the channel during the quiet durations. The

embodiments are not limited to these examples.

[0046] The logic flow 600 may wake up the low power wireless devices 210-m at
block 614 if it isdetermined that the WiFi network 200 isnot in aquiet duration. For
example, the low power wireless devices 210-m may have aready received and
processed the polling schedule from the wireless access point 230. The polling schedule
includes data indicative of when the low power wireless devices 210-m may use the
channel for communications with the wireless access point 230. When aquiet duration is
entered as indicated by the polling schedule, the low power wireless devices 210-m know
to wake up to be ready to communicate with the wireless access point 230. The

embodiments are not limited to these examples.

[0047] The logic flow 600 may poll the low power wireless devices 210-m at block
616 if it isdetermined that the WiFi network 200 isnot in aquiet duration. For example,
the low power wireless devices 210-m may have awakened and may be ready to
communicate with the wireless access point 230 as described above. The wireless access
point 230 may then poll each of the low power wireless devices 210-m seeking data that
may have been gathered since the last time the low power wireless devices 210-m were

polled. The embodiments are not limited to these examples.

[0048] The logic flow 600 may receive data from the low power wireless devices
210-m at block 618 if it is determined that the WiFi network 200 isnot in aquiet
duration. For example, in response to the wireless access point 230 polling, the low

power wireless devices 210-m may send data back to the wireless access point 230. If a

17
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particular low power wireless device 210-m is atemperature sensor, for instance, it may
return temperature data it has gathered to the wireless access point 230 since the last time
it was polled for such data. The wireless access point 230 may then forward the data to
one or more other devices with which it can communicate for further processing. The

embodiments are not limited to these examples.

[0049] FIG. 7 illustrates an embodiment of an exemplary computing architecture 700
suitable for implementing various embodiments aspreviously described, such asthe
wireless access point 230, the low power devices 210-m, or the legacy wireless devices
220-n. Asused in this application, the terms "system” and "device" and "component” are
intended to refer to acomputer-related entity, either hardware, a combination of hardware
and software, software, or software in execution, examples of which are provided by the
exemplary computing architecture 700. For example, acomponent can be, but isnot
limited to being, aprocess running on aprocessor, aprocessor, ahard disk drive, multiple
storage drives (of optical and/or magnetic storage medium), an object, an executable, a
thread of execution, aprogram, and/or acomputer. By way of illustration, both an
application running on a server and the server can be acomponent. One or more
components can reside within aprocess and/or thread of execution, and acomponent can
be localized on one computer and/or distributed between two or more computers.

Further, components may be communicatively coupled to each other by various types of
communications media to coordinate operations. The coordination may involve the uni-
directional or bi-directional exchange of information. For instance, the components may
communicate information in the form of signals communicated over the communications

media. The information can be implemented as signals allocated to various signal lines.
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In such allocations, each message isa signal. Further embodiments, however, may
alternatively employ data messages. Such data messages may be sent across various
connections. Exemplary connections include parallel interfaces, serial interfaces, and bus

interfaces.

[0050] In one embodiment, the computing architecture 700 may comprise or be
implemented as part of an electronic device. Examples of an electronic device may
include without limitation amobile device, apersonal digital assistant, amobile
computing device, a smart phone, acellular telephone, ahandset, a one-way pager, atwo-
way pager, amessaging device, acomputer, apersonal computer (PC), adesktop
computer, alaptop computer, a notebook computer, ahandheld computer, atablet
computer, a server, a server array or server farm, aweb server, anetwork server, an
Internet server, awork station, a mini-computer, a main frame computer, a
supercomputer, anetwork appliance, aweb appliance, adistributed computing system,
multiprocessor systems, processor-based systems, consumer electronics, programmable
consumer electronics, television, digital television, set top box, wireless access point,
base station, subscriber station, mobile subscriber center, radio network controller, router,
hub, gateway, bridge, switch, machine, or combination thereof. The embodiments are not

limited in this context.

[0051] The computing architecture 700 includes various common computing
elements, such as one or more processors, Co-processors, memory units, chipsets,

controllers, peripherals, interfaces, oscillators, timing devices, video cards, audio cards,

19



WO 2013/089747 PCT/US2011/065207

multimedia input/output (1/0) components, and so forth. The embodiments, however, are

not limited to implementation by the computing architecture 700.

[0052] Asshown in FIG. 7, the computing architecture 700 comprises a processing
unit 704, a system memory 706 and a system bus 708. The processing unit 704 can be
any of various commercialy available processors. Dua microprocessors and other multi-
processor architectures may also be employed asthe processing unit 704. The system
bus 708 provides an interface for system components including, but not limited to, the
system memory 706 to the processing unit 704. The system bus 708 can be any of
several types of bus structure that may further interconnect to amemory bus (with or
without amemory controller), aperipheral bus, and alocal bus using any of avariety of

commercially available bus architectures.

[0053] The computing architecture 700 may comprise or implement various articles
of manufacture. An article of manufacture may comprise a computer-readable storage
medium to store various forms of programming logic. Examples of a computer-readable
storage medium may include any tangible media capable of storing electronic data,
including volatile memory or non-volatile memory, removable or non-removable
memory, erasable or non-erasable memory, writeable or re-writeable memory, and so
forth. Examples of programming logic may include executable computer program
instructions implemented using any suitable type of code, such as source code, compiled
code, interpreted code, executable code, static code, dynamic code, object-oriented code,

visua code, and the like.
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[0054] The system memory 706 may include various types of computer-readable
storage media in the form of one or more higher speed memory units, such asread-only
memory (ROM), random-access memory (RAM), dynamic RAM (DRAM), Double-
Data-Rate DRAM (DDRAM), synchronous DRAM (SDRAM), static RAM (SRAM),
programmable ROM (PROM), erasable progranmmable ROM (EPROM), eectrically
erasable programmable ROM (EEPROM), flash memory, polymer memory such as
ferroelectric polymer memory, ovonic memory, phase change or ferroelectric memory,
silicon-oxide-nitride-oxide-silicon (SONOS) memory, magnetic or optical cards, or any
other type of media suitable for storing information. In theillustrated embodiment shown
in FIG. 7, the system memory 706 can include non-volatile memory 710 and/or volatile
memory 712. A basic input/output system (BIOS) can be stored in the non-volatile

memory 710.

[0055] The computer 702 may include various types of computer-readable storage
mediain the form of one or more lower speed memory units, including an interna hard
disk drive (HDD) 714, amagnetic floppy disk drive (FDD) 716 to read from or write to a
removable magnetic disk 718, and an optical disk drive 720 to read from or writeto a
removable optical disk 722 (e.g., aCD-ROM or DVD). The HDD 714, FDD 716 and
optical disk drive 720 can be connected to the system bus 708 by a HDD interface 724,
an FDD interface 726 and an optical drive interface 728, respectively. The HDD
interface 724 for externa drive implementations can include at least one or both of

Universal Serial Bus (USB) and |IEEE 1344 interface technologies.
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[0056] The drives and associated computer-readable media provide volatile and/or
nonvolatile storage of data, data structures, computer-executable instructions, and so
forth. For example, anumber of program modules can be stored in the drives and
memory units 710, 712, including an operating system 730, one or more application

programs 732, other program modules 734, and program data 736.

[0057] A human operator can enter commands and information into the computer 702
through one or more wire/wireless input devices, for example, akeyboard 738 and a
pointing device, such as amouse 740. Other input devices may include a microphone, an
infrared (IR) remote control, ajoystick, a game pad, a stylus pen, touch screen, or the
like. These and other input devices are often connected to the processing unit 704
through an input device interface 742 that is coupled to the system bus 708, but can be
connected by other interfaces such as aparallel port, IEEE 1344 seria port, a game port,

aUSB port, an IR interface, and so forth.

[0058] A monitor 744 or other type of display device is also connected to the system
bus 708 via an interface, such as avideo adaptor 746. In addition to the monitor 744, a
computer typically includes other peripheral output devices, such as speakers, printers,

and so forth.

[0059] The computer 702 may operate in anetworked environment using logical
connections viawire and/or wireless communications to one or more remote computers,
such as aremote computer 748. The remote computer 748 can be aworkstation, a server
computer, arouter, apersonal computer, portable computer, microprocessor-based

entertainment appliance, apeer device or other common network node, and typically
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includes many or al of the elements described relative to the computer 702, athough, for
purposes of brevity, only a memory/storage device 750 isillustrated. The logical
connections depicted include wire/wireless connectivity to alocal areanetwork (LAN)
752 and/or larger networks, for example, awide area network (WAN) 754. Such LAN
and WAN networking environments are commonplace in offices and companies, and
facilitate enterprise-wide computer networks, such asintranets, all of which may connect

to aglobal communications network, for example, the Internet.

[0060] When used in aLAN networking environment, the computer 702 i s connected
tothe LAN 752 through awire and/or wireless communication network interface or
adaptor 756. The adaptor 756 can facilitate wire and/or wireless communications to the
LAN 752, which may also include awireless access point disposed thereon for

communicating with the wireless functionality of the adaptor 756.

[0061] When used in aWAN networking environment, the computer 702 can include
amodem 758, or is connected to acommunications server on the WAN 754, or has other
means for establishing communications over the WAN 754, such as by way of the
Internet. The modem 758, which can beinterna or external and awire and/or wireless
device, connects to the system bus 708 via the input device interface 742. In anetworked
environment, program modules depicted relative to the computer 702, or portions thereof,
can be stored in the remote memory/storage device 750. It will be appreciated that the
network connections shown are exemplary and other means of establishing a

communications link between the computers can be used.
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[0062] The computer 702 is operable to communicate with wire and wireless devices
or entities using the IEEE 802 family of standards, such aswireless devices operatively
disposed in wireless communication (e.g., IEEE 802.11 over-the-air modulation
techniques) with, for example, aprinter, scanner, desktop and/or portable computer,
personal digital assistant (PDA), communications satellite, any piece of equipment or
location associated with awirelessly detectable tag (e.g., akiosk, news stand, restroom),
and telephone. Thisincludes at least Wi-Fi (or Wireless Fidelity), WiMax, and
Bluetooth™ wireless technologies. Thus, the communication can be a predefined
structure as with a conventional network or simply an ad hoc communication between at
least two devices. Wi-Fi networks use radio technologies called |IEEE 802.1Ix (a b, g, n,
etc.) to provide secure, reliable, fast wireless connectivity. A Wi-Fi network can be used
to connect computers to each other, to the Internet, and to wire networks (which use

|IEEE 802.3-related media and functions).

[0063] Some embodiments may be implemented using various hardware el ements,
software elements, or acombination of both. Examples of hardware e ements may
include devices, logic devices, components, processors, miCroprocessors, Circuits,
processor circuits, circuit elements (e.g., transistors, resistors, capacitors, inductors, and
so forth), integrated circuits, application specific integrated circuits (ASIC),
programmable logic devices (PLD), digital signal processors (DSP), field programmable
gate array (FPGA), memory units, logic gates, registers, semiconductor device, chips,
microchips, chip sets, and so forth. Examples of software elements may include software
components, programs, applications, computer programs, application programs, system

programs, software development programs, machine programs, operating system
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software, middleware, firmware, software modules, routines, subroutines, functions,
methods, procedures, software interfaces, application program interfaces (APl),
instruction sets, computing code, computer code, code segments, computer code
segments, words, values, symbols, or any combination thereof. Determining whether an
embodiment isimplemented using hardware elements and/or software elements may vary
in accordance with any number of factors, such as desired computational rate, power
levels, heat tolerances, processing cycle budget, input data rates, output data rates,
memory resources, data bus speeds and other design or performance constraints, as

desired for a given implementation.

[0064] Some embodiments may be described using the expression "one embodiment"
or "an embodiment” aong with their derivatives. These terms mean that a particular
feature, structure, or characteristic described in connection with the embodiment is
included in at least one embodiment. The appearances of the phrase "in one
embodiment” in various places in the specification are not necessarily all referring to the
same embodiment. Further, some embodiments may be described using the expression
"coupled" and "connected" aong with their derivatives. These terms are not necessarily
intended as synonyms for each other. For example, some embodiments may be described
using the terms "connected" and/or "coupled” to indicate that two or more elements are
indirect physical or electrical contact with each other. The term "coupled,” however,
may also mean that two or more elements are not in direct contact with each other, but

yet still co-operate or interact with each other.
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[0065] It isemphasized that the Abstract of the Disclosure isprovided to alow a
reader to quickly ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning of the
claims. In addition, in the foregoing Detailed Description, it can be seen that various
features are grouped together in a single embodiment for the purpose of streamlining the
disclosure. This method of disclosure isnot to beinterpreted asreflecting an intention
that the claimed embodiments require more features than are expressly recited in each
claim. Rather, asthe following claims reflect, inventive subject matter lies in less than all
features of a single disclosed embodiment. Thus the following claims are hereby
incorporated into the Detailed Description, with each claim standing on its own as a
separate embodiment. In the appended claims, the terms "including” and "in which" are
used as the plain-English equivalents of the respective terms "comprising" and "wherein,"
respectively. Moreover, the terms "first," "second," "third," and so forth, are used merely

as labels, and are not intended to impose numerical requirements on their objects.

[0066] What has been described above includes examples of the disclosed
architecture. Itis, of course, not possible to describe every conceivable combination of
components and/or methodologies, but one of ordinary skill in the art may recognize that
many further combinations and permutations are possible. Accordingly, the novel
architecture isintended to embrace all such aterations, modifications and variations that

fall within the spirit and scope of the appended claims.
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CLAIMS

What isclaimed is:

1. An apparatus comprising:

awireless access point having acontroller operative to:

send aquiet message over afirst Physical Layer (PHY) to one or more
legacy devices to reserve awireless communication channel, the quiet message
including data identifying periodic quiet durations during which the legacy
devices cannot access the wireless communication channel;

send apolling schedule using a second PHY to one or more low power
wireless devices, the polling schedule including data identifying the periodic quiet
durations; and

poll the one or more low power wireless devices during the periodic quiet

durations using the second PHY .

2. The apparatus of claim 1, wherein the second PHY uses a narrower

channel bandwidth than the first PHY .

3. The apparatus of claim 1, wherein the second PHY utilizes a different

coding scheme than the first PHY .

4. The apparatus of claim 1, wherein the second PHY provides alower data

rate than the first PHY .
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5. The apparatus of claim 1, wherein the quiet message is abeacon frame

including aquiet el ement.

6. The apparatus of claim 1, wherein the quiet message i s aprobe response

frame including aquiet element.

7. The apparatus of claim 1, wherein the quiet message i s transmitted to the

legacy devices using a20 MHz wireless communication channel in accordance with the

|EEE 802.11 standard.

8. The apparatus of claim 1, wherein the channel bandwidth for the second

PHY isnot greater than 2 MHz.

9. The apparatus of claim 1, wherein the low power wireless devices sleep

outside of the periodic quiet durations.

10. The apparatus of claim 1, wherein the wireless access point includes a

modem, a switch, or arouter.

11. A method comprising:

in aprocessor circuit,
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reserving awireless communication channel by sending aquiet message from a
wireless access point to one or more legacy devices using afirst Physical Layer (PHY),
the quiet message including data identifying periodic quiet durations during which the
legacy devices cannot access the wireless communication channel;

sending apolling schedule from the wireless access point to one or more
low power wireless devices using a second PHY , the polling schedule including data
identifying the periodic quiet durations; and

polling the one or more low power wireless devices during the periodic

guiet durations using the second PHY .

12. The method of claim 11wherein the second PHY uses a narrower channel

bandwidth than the first PHY .

13. The method of claim 11wherein the second PHY utilizes adifferent

coding scheme than the first PHY'.

14. The method of claim 11 wherein the second PHY provides alower data

rate than the first PHY .

15. The method of claim 11 wherein the quiet message is abeacon frame

including aquiet el ement.
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16. The method of claim 11 wherein the quiet message is aprobe response

frame including aquiet element.

17. The method of claim 11 wherein the quiet message istransmitted to the
legacy devices using a20 MHz wireless communication channel in accordance with an

|EEE 802.11 standard.

18. The method of clam 11wherein the channel bandwidth for the second

PHY isnot greater than 2 MHz.

19. The method of claim 11 wherein the low power wireless devices sleep

outside of the periodic quiet durations.

20. An article of manufacture comprising acomputer-readable storage

medium containing instructions that when executed cause a system to:

send a quiet message from awireless access point to alegacy device
identifying periodic quiet durations during which the legacy device cannot access the
wireless communication channel;

send apolling schedule from the wireless access point to alow power
wireless device identifying the periodic quiet durations; and

poll the one or more low power wireless devices during the periodic quiet

durations.
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21. The article of claim 20 containing instructions that when executed cause a
system to:

use afirst Physical Layer (PHY) to communicate with the legacy device; and

use a second PHY to communicate with the low power device, the second PHY
characterized by adifferent coding scheme and lower data throughput rate than that of the

first PHY.

22. The article of claim 21 containing instructions that when executed cause a

system to use an |EEE 802. 11 beacon frame to send the quiet message.

23. The article of claim 21 containing instructions that when executed cause a

system to use an |EEE 802. 11 probe response frame to send the quiet message.

24, The article of claim 20 containing instructions that when executed cause a
system to:

place the low power wireless device into a sleep mode outside of the periodic
quiet durations; and

wake the low power wireless device out of a sleep mode during the periodic quiet

durations.
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