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(57) A particular method includes receiving a power
save polling frame from a station at an access point. The
method also includes, in response to receiving the power
save polling frame, transmitting a frame from the access
point to the station indicating whether traffic associated
with the station is buffered at the access point. Another
particular method includes transmitting a frame from the
station to the access point indicating that the station is
to enter the power save mode and refraining from enter-

ing the power save mode until receipt of an end of data
frame. Yet another particular method includes receiving
a fetch trigger frame at an access point and refraining
from transmitting one or more fetched data frames from
the access point until a fetch time has elapsed or a de-
livery trigger frame is received. The access point is con-
figured to communicate with other stations during the
fetch time.
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Description

Cross-Reference to Related Applications

[0001] The present application claims priority from
commonly owned U.S. Provisional Patent Application
No. 61/529,796 filed August 31, 2011 and U.S. Provi-
sional Patent Application No. 61/533,560 filed Septem-
ber 12, 2011, the contents of which are expressly incor-
porated herein by reference in their entirety.

Field

[0002] The present disclosure is generally related to
power savings while retrieving buffered data from an ac-
cess point.

Description of Related Art

[0003] Advances in technology have resulted in small-
er and more powerful computing devices. For example,
there currently exist a variety of portable personal com-
puting devices, including wireless computing devices,
such as portable wireless telephones, personal digital
assistants (PDAs), and paging devices that are small,
lightweight, and easily carried by users. More specifically,
portable wireless telephones, such as cellular tele-
phones and internet protocol (IP) telephones, can com-
municate voice and data packets over wireless networks.
Further, many such wireless telephones include other
types of devices that are incorporated therein. For exam-
ple, a wireless telephone can also include a digital still
camera, a digital video camera, a digital recorder, and
an audio file player. Also, such wireless telephones can
process executable instructions, including software ap-
plications, such as a web browser application, that can
be used to access the Internet. As such, these wireless
telephones can include significant computing capabili-
ties.
[0004] Such devices may be configured to communi-
cate data via a wireless network. For example, many de-
vices are configured to operate according to an Institute
of Electrical and Electronics Engineers (IEEE) 802.11
specification that enables wireless exchange of data via
an access point. Many communication devices are con-
figured to enter a power save mode, during which time
the communication device may shut down one or more
components, thereby conserving power. While utilization
of this power save mode may provide power conserva-
tion, problems may arise in determining when the com-
munication device should resume normal operation
and/or when the communication device should enter the
power save mode.

Summary

[0005] In particular embodiment, a method includes re-
ceiving a power save polling (PS-Poll) frame from a sta-

tion at an access point. The method also includes, in
response to receiving the power save polling frame,
transmitting a frame from the access point to the station
indicating whether traffic associated with the station is
buffered at the access point. For example, the frame may
include an acknowledgement (ACK) transmitted a short
interframe space (SIFS) after receipt of the power save
polling frame. A particular bit (e.g., a more data (MD) bit)
in a media access control (MAC) header of the frame
may be used to indicate whether or not buffered traffic is
pending.
[0006] In another particular embodiment, a method in-
cludes transmitting a power save polling frame from a
station to an access point. The method also includes, in
response to transmitting the power save polling frame,
receiving a frame from the access point indicating wheth-
er traffic associated with the station is buffered at the
access point.
[0007] In another particular embodiment, a method in-
cludes receiving a first frame from a station at an access
point, the first frame indicating that the station is to enter
a power save mode. The method also includes transmit-
ting one or more data frames from the access point to
the station, where the one or more data frames were
buffered for transmission prior to receipt of the first frame.
The method further includes transmitting an end of data
frame to the station.
[0008] In another particular embodiment, a method in-
cludes transmitting a first frame from a station to an ac-
cess point indicating that the station is to enter a power
save mode. The method also includes refraining from
entering the power save mode until an end of data frame
is received from the access point. The method further
includes entering the power save mode at the station in
response to receiving the end of data frame from the
access point. For example, the end of data frame may
be an end of data indication (EODI). Alternately, the end
of data frame may be a frame that includes a MAC header
having an asserted end of service period (EOSP) bit.
[0009] In another particular embodiment, a method in-
cludes receiving a fetch trigger frame from a station at
an access point. The method also includes fetching one
or more data frames associated with the station in re-
sponse to the fetch trigger frame. The method further
includes refraining from transmitting the one or more
fetched data frames to the station until a delivery condi-
tion associated with the station is satisfied. For example,
the delivery condition may be satisfied when the access
point determines that a predetermined fetch time has
elapsed or that a delivery trigger frame has been received
from the station. The predetermined fetch time may be
indicated by the station in the fetch trigger frame or may
be indicated by the access point in an ACK response to
the fetch trigger frame. During the fetch time, the station
may enter a power saving (e.g., low power) state. The
access point may communicate with one or more other
stations during the fetch time.
[0010] In another particular embodiment, a method in-
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cludes transmitting a fetch trigger frame from a station
to an access point. The method also includes entering a
power save mode at the station until a determination at
the station that a fetch time associated with the station
has elapsed, where the access point is configured to
communicate with one or more other stations during the
fetch time. The method further includes in response to
the determination, exiting the power save mode and re-
ceiving one or more data frames from the access point
at the station after exiting the power save mode.
[0011] One particular advantage provided by at least
one of the disclosed embodiments is reduced power con-
sumption and increased signaling efficiency between
stations and access points in a wireless network. For
example, the disclosed embodiments may enable sta-
tions to remain in a power save state for a predetermined
fetch time. As another example, the disclosed embodi-
ments may enable transmission of previously buffered
data packets to a station even after the station has indi-
cated a future transition to a power save state, so that
such packets do not have to be re-fetched and re-buff-
ered when the station exits the power save state. Reduc-
ing the number of packets that are re-fetched and re-
buffered may increase throughput of the wireless net-
work.
[0012] Other aspects, advantages, and features of the
present disclosure will become apparent after review of
the entire application, including the following sections:
Brief Description of the Drawings, Detailed Description,
and the Claims.

Brief Description of the Drawings

[0013]

FIG. 1 is a diagram of a particular illustrative embod-
iment of a network configuration for communicating
data between one or more stations and an access
point;

FIG. 2 is a diagram of a first illustrative embodiment
of data frames that may be sent between a station
and an access point using a defined fetch time be-
tween an initial request for buffered traffic and the
delivery of the buffered traffic;

FIG. 3 is a diagram of a second illustrative embodi-
ment of data frames that may be sent between a
station and an access point using a fetch trigger
frame and a delivery trigger frame;

FIG. 4 is a diagram of a third illustrative embodiment
of data frames that may be sent between a station
and an access point using an end of data indication
frame;

FIG. 5 is a diagram of a fourth illustrative embodiment
of data frames that may be sent between a station

and an access point using a media access control
header having an end of service period bit as an end
of data indication;

FIG. 6 is a diagram of a fifth illustrative embodiment
of data frames that may be sent between a station
and an access point using a short frame that indi-
cates that no data is currently pending for the station;

FIG. 7 is a diagram of a sixth illustrative embodiment
of data frames that may be sent between a station
and an access point using a short frame that indi-
cates that data is currently pending for the station;

FIG. 8 is a diagram of a seventh illustrative embod-
iment of data frames that may be sent between a
station and an access point using a short frame that
indicates that data is currently pending for the sta-
tion;

FIG. 9 is a flow diagram of a first illustrative embod-
iment of a method of communication between a sta-
tion and an access point;

FIG. 10 is a flow diagram of a second illustrative em-
bodiment of a method of communication between a
station and an access point;

FIG. 11 is a flow diagram of a third illustrative em-
bodiment of a method of communication between a
station and an access point;

FIG. 12 is a flow diagram of a fourth illustrative em-
bodiment of a method of communication between a
station and an access point;

FIG. 13 is a block diagram of a wireless device op-
erable to enter a power saving mode.

Detailed Description

[0014] Referring to FIG. 1, a particular embodiment of
a network configuration for communicating data between
one or more stations and an access point is depicted and
generally designated 100. The network configuration 100
includes an access point 102 coupled to a network 104.
The access point 102 may be configured to provide wire-
less communications to various communication devices
such as wireless devices (e.g., stations 106, 108, 110).
The access point 102 may be a base station. The stations
106, 108, 110 may be a personal computer (PC), a laptop
computer, a tablet computer, a mobile phone, a personal
digital assistant (PDA), and/or any device configured for
wirelessly sending and/or receiving data, or any combi-
nation thereof. The network 104 may include a distributed
computer network, such as a transmission control proto-
col/internet protocol (TCP/IP) network.
[0015] The access point 102 may be configured to pro-
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vide a variety of wireless communications services, in-
cluding but not limited to: Wireless Fidelity (WIFI) serv-
ices, Worldwide Interoperability for Microwave Access
(WiMAX) services, and wireless session initiation proto-
col (SIP) services. The stations 106, 108, 110 may be
configured for wireless communications (including, but
not limited to communications in compliance with the
802.11, 802.11-2007, and 802.11X family of specifica-
tions developed by the Institute of Electrical and Elec-
tronics Engineers (IEEE)). In addition, the stations 106,
108, 110 may be configured to send data to and receive
data from the access point 102. In an illustrative embod-
iment, the access point 102 and the stations 106-110
may communicate via a sub-i GHz wireless network (e.g.,
a wireless network configured in accordance with an
IEEE 802.11ah specification, standard, and/or protocol).
[0016] The stations 106, 108, 110 may be configured
to enter a power save mode to conserve power and ex-
tend battery life when operating in a mode that does not
involve sending data to or receiving data from the access
point 102. For example, the power save mode may be
entered by a station either upon initiation by a user or
after expiration of a period of sufficient inactivity. In the
power save mode, the amount of power consumed by
the station is reduced as compared to the amount of pow-
er used during normal operation. While a particular sta-
tion is in the power save mode, the access point 102
buffers data intended for delivery to the particular station.
However, problems may arise in determining when the
stations should resume normal operation from the power
save mode to send and receive communications data.
[0017] For example, it may take the access point 102
considerable time to retrieve the buffered data. During
this time, a particular station typically waits for the access
point 102 to retrieve the buffered data and stays in the
"wake" state, which consumes power. One solution may
be to introduce a defined fetch time between an initial
request for buffered traffic and the earliest delivery of the
buffered traffic so that the station may "sleep" during the
defined fetch time, thereby conserving power.
[0018] Referring to FIG. 2, a first illustrative embodi-
ment of data frames that may be sent between a station,
such as one or more of the stations 106, 108, 110 of FIG.
1, and an access point, such as the access point 102 of
FIG. 1, using a defined fetch time between an initial re-
quest for buffered traffic (at a first time) and the delivery
of the buffered traffic (at a second time), is depicted and
generally designated 200. The data frames include a
fetch trigger frame 202, a first acknowledgement (ACK)
frame 204, a data frame 206, and a second ACK frame
208. A fetch time 210, a first short interframe space
(SIFS) 212, a second SIFS 214, and a channel access
216 are associated with transmissions of the data frames
200.
[0019] In a particular embodiment, the fetch time 210
can be timed off of the fetch trigger frame 202, which
triggers the access point 102 to fetch the buffered data.
In a particular embodiment, the fetch trigger frame 202

may be a power save poll (PS-Poll) frame or an unsched-
uled asynchronous power save delivery (U-APSD) trig-
ger frame that may be modified to include the fetch time
210. For example, the fetch time 210 may be included in
the fetch trigger frame 202, included in a response (e.g.,
the ACK frame 204) to the fetch trigger frame 202, or
advertised by the access point 102 in a beacon or other
frame directed at a particular station. After the receipt of
the fetch trigger frame 202, the access point 102 does
not send the fetched data to the station until after the end
of the fetch time 210.
[0020] To illustrate, one of the stations 106, 108, 110,
such as the station 106, may send a request for data
buffered at the access point 102. It should be noted that
the station 106 is used for example only, and that the
communications illustrated in FIGS. 2-6 may occur with
respect to any of the stations 106-110 or other stations
not shown. Fetching the buffered data may start once
the access point 102 receives the fetch trigger frame 202.
The ACK frame 204 may be sent by the access point 102
to the station 106 to acknowledge receipt of the fetch
trigger frame 202. The delivery of the fetched data from
the access point 102 to the station 106 may start after a
known delay, such as the fetch time 210, after receipt of
the fetch trigger frame 202. The station 106 may enter a
power save mode (e.g. a sleep mode) during the known
delay or fetch time 210, and only needs to be awake (e.g.,
transition from the sleep mode to an operating mode)
when the fetched data is delivered or ready to be deliv-
ered. The fetch time may be timed based on the ACK
frame 204 or on the fetch trigger frame 202.
[0021] For example, the station 106 may send the fetch
trigger frame 202 to the access point 102. The access
point 102 may fetch buffered data during the fetch time
210. Frames may be sent by the access point 102 to the
other stations 108, 110 during the fetch time 210, but not
to the station 106. The station 106 may "sleep" during
the fetch time 210 (e.g., until a determination at the station
106 that the fetch time has elapsed, such as upon expi-
ration of a timer at the station 106). The access point 102
may refrain from transmitting the fetched data to the sta-
tion 106 until determining, at the access point 102, that
the fetch time 210 has elapsed. For example, the access
point 102 may measure the fetch time 210 using a timer
and may refrain from transmitting the fetched data to the
station 106 until the timer expires. Alternately, the access
point 102 may refrain from transmitting the fetched data
to the station 106 until a delivery trigger frame is received,
as further described with reference to FIG. 3. However,
in contrast to network allocation vector (NAV)-based
mechanisms that prevent communication by any device
during the NAV time period, the access point 102 may
have the ability to communicate with other stations during
the fetch time 210. For example, the access point 102
may send and receive data frames and/or control frames
from other associated stations during the fetch time 210.
After the fetch time 210 (and after a time 216 for channel
access), the data frame 206 may be sent by the access
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point 102 to the station 106. The channel access time
216 may coincide with the end of the fetch time 210. End
of service period (EOSP) signaling may be used to indi-
cate that no further traffic is buffered at the access point
102 and that the station 106 can go back to the sleep
state. For example, an EOSP bit having a value of "1"
may be included in a media access control (MAC) header
of the data frame 206, indicating that no further traffic is
buffered at the access point 102. After receiving the data
frame 206 from the access point 102, the station 106 may
send the second ACK frame 208 to the access point 102
to acknowledge receipt of the data frame 206. The station
106 may sleep after receipt of the data frame 206.
[0022] Referring to FIG. 3, a second illustrative em-
bodiment of data frames that may be sent between a
station, such as one or more of the stations 106, 108,
110 of FIG. 1, and an access point, such as the access
point 102 of FIG. 1, using a fetch trigger frame and a
delivery trigger frame to define a fetch time between an
initial request for buffered traffic and the delivery of the
buffered traffic, are depicted and generally designated
300. The data frames 300 include a fetch trigger frame
302, a first acknowledgement (ACK) frame 304, a deliv-
ery trigger frame 306, a second ACK frame 308, a data
frame 310, and a third ACK frame 312. A fetch time 314,
a first short interframe space (SIFS) 316, a second SIFS
318, a first channel access 320, and a second channel
access 322 are associated with transmissions of the data
frames 300.
[0023] In a particular embodiment, the access point
102 starts to fetch data buffered at the access point 102
after receiving the fetch trigger frame 302 from a partic-
ular station, such as the station 106. The access point
102 may refrain from transmitting the fetched data to the
station 106 until determining that the delivery trigger
frame 306 has been received from the station 106. How-
ever, in contrast to network allocation vector
(NAV)-based mechanisms that prevent communication
by any device during the NAV time period, the access
point 102 may have the ability to communicate with other
stations during the fetch time 210. The access point 102
delivers the fetched data to the station 106 after receiving
the delivery trigger frame 306 from the station 106. The
station 106 stays awake after sending the delivery trigger
frame 306 until the station 106 receives the data frame
310 from the access point 102.
[0024] The delivery trigger frame 306 may be a newly
defined frame, an unscheduled asynchronous power
save delivery (U-APSD) trigger frame, or a power save
poll (PS-Poll) frame. The fetch trigger frame 302 may be
a newly defined frame, an unscheduled asynchronous
power save delivery (U-APSD) trigger frame, or a power
save poll (PS-Poll) frame. The fetch or delivery trigger
aspect may be signaled through fields in existing frames.
[0025] A reset interval may be defined beyond which
the fetched data is returned to the access point’s power
save buffer, when no delivery trigger frame is received.
[0026] A minimum fetch time may be indicated by the

access point 102, in a beacon, a probe response, an
association response, or in a specific action frame. The
actual fetch time may be programmed at the access point
or by the particular station. To illustrate, the station 106
may send a request for data buffered at the access point
102. Fetching the buffered data may start after the access
point 102 receives the fetch trigger frame 302. The ACK
frame 304 may be sent by the access point 102 to the
station 106 to acknowledge receipt of the fetch trigger
frame 302. The delivery of the fetched data from the ac-
cess point 102 to the station 106 starts after receipt by
the access point 102 of the delivery trigger 306 from the
station 106. The second ACK frame 308 may be sent by
the access point 102 to the station 106 to acknowledge
receipt of the delivery trigger 306. The station 106 stays
awake after sending the delivery trigger 306 to the access
point 102 until the station 106 receives the data frame
310 from the access point 102.
[0027] For example, the station 106 may send the fetch
trigger frame 302 to the access point 102. The access
point 102 may fetch data that is buffered at the access
point 102 during the fetch time 314 after receipt of the
delivery trigger 306. Frames may be sent by the access
point 102 to the other stations 108, 110 during the fetch
time 314 but not to the station 106. The station 106 may
"sleep" during the fetch time 314, thereby saving power.
The data frame 310 may be sent by the access point 102
to the station 106 after the access point 102 receives the
delivery trigger 306. An end of service period (EOSP)
signaling may be used to indicate that no further traffic
is buffered at the access point 102 and that the station
106 can go back to the sleep state. After receiving the
data frame 310, the station 106 may send the third ACK
frame 312 to the access point 102 to acknowledge receipt
of the data frame 310. The station 106 may sleep after
receiving the data frame 310 (e.g., upon detection of the
EOSP).
[0028] Thus, as illustrated with reference to FIGS. 2-3,
an access point may refrain from transmitting data frames
to a station until a delivery condition is satisfied. The de-
livery condition may be satisfied upon expiration of the
predetermined fetch time 210 of FIG. 2 or upon receipt
of the delivery trigger packet 306 of FIG. 3. Similarly, the
station may not exit a power save mode until a wake
condition is satisfied. The wake condition may be satis-
fied upon expiration of the predetermined fetch time 210
of FIG. 2 or the fetch time 314 prior to transmission of
the delivery trigger packet 306 of FIG. 3.
[0029] Referring to FIG. 4, a third illustrative embodi-
ment of data frames that may be sent between a station,
such as one or more of the stations 106, 108, 110 of FIG.
1, and an access point, such as the access point 102 of
FIG. 1, using an end of data indication frame, is depicted
and generally designated 400. The data frames 400 in-
clude a power management frame 402 including a power
management bit, a first acknowledgement (ACK) frame
404, a data frame 406, a second ACK frame 408, an end
of data indication (EODI) frame 410, and a third ACK
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frame 412. A first short interframe space (SIFS) 414, a
second SIFS 416, a third SIFS 418, a first channel access
420, and a second channel access 422 are associated
with transmissions of the data frames 400.
[0030] The access point 102 may discard several
pending frames for a particular station, such as the station
106, when the particular station enters a power save
mode because the access point 102 may have scheduled
such frames for transmission and may not have the ca-
pability to pull them back from a transmission queue and
store them as buffered frames.
[0031] In a particular embodiment, the EODI frame 410
may be scheduled for transmission by the access point
102 when the station 106 is to enter a power save mode.
After scheduling the EODI frame 410, the access point
102 may buffer further traffic destined for the station 106
so that the EODI frame 410 is the last frame sent to the
station 106 after it entered the power save mode. The
station 106 may refrain from entering the power save
mode (e.g., may delay going to sleep) after indicating its
pending transition to the power save mode until the sta-
tion receives the EODI frame 410.
[0032] For example, the station 106 may indicate that
it is to enter the power save mode by sending the power
management frame 402 to the access point 102. For ex-
ample, the power management (PM) bit may have a value
of "1" to indicate that the station 106 is to enter the power
save mode. The PM bit on a prior frame sent by the station
106 to the access point 102 may have had a value of 0,
indicating that the station 106 was in active mode. In re-
sponse to receiving the power management frame 402,
the access point 102 may schedule the EODI frame 410
for the station 106. The first ACK frame 404 may be sent
by the access point 102 to the station 106 to acknowledge
receipt of the power management frame 402. As ex-
plained above, the access point 102 continues to send
data which had already been prepared for transmission
at the time the power management frame 402 is received
from the station 106, and the station 106 continues to
remain awake and receive the data from the access point
102. To illustrate, the access point 102 continues to send
the data, such as the data frame 406, to the station 106.
The station 106 stays awake and receives the data until
it receives the EODI frame 410 from the access point
102. The second ACK frame 408 may be sent by the
station 106 to the access point 102 to acknowledge re-
ceipt by the station 106 of the data frame 406. The third
ACK frame 412 may be sent by the station 106 to the
access point 102 to acknowledge receipt of the EODI
frame 410. The station 106 may sleep after receiving the
EODI frame 410. The access point 102 sends no data to
the station 106 after the access point 102 sends the EODI
frame 410 to the station 106.
[0033] Alternatively, the end of data indication may be
a bit inside the media access control (MAC) header. For
example, the end of data indication may be an end of
service period (EOSP) bit, and the access point 102 may
set the EOSP bit = 1 on a final frame sent to a particular

station after the particular station indicates a transition
to the power save mode. Thus, the frame that is used to
enter power save mode may also trigger a service period
that is terminated with a frame with the EOSP bit set to 1.
[0034] For example, referring to FIG. 5, a fourth illus-
trative embodiment of data frames that may be sent be-
tween a station, such as one or more of the stations 106,
108, 110 of FIG. 1, and an access point, such as the
access point 102 of FIG. 1, using a bit inside a media
access control header as an end of data indication, is
depicted and generally designated 500. The data frames
500 include a power management frame 502 including
a power management bit, a first acknowledgement (ACK)
frame 504, a first data frame 506 including an end of
service period (EOSP) bit, a second ACK frame 508, a
second data frame 510 including an end of service period
(EOSP) bit, and a third ACK frame 512. A first short in-
terframe space (SIFS) 514, a second SIFS 516, a third
SIFS 518, a first channel access 520, and a second chan-
nel access 522 are associated with transmissions of the
data frames 500.
[0035] A station, such as the station 106, may enter
the power save mode by sending the power management
frame 502 to the access point 102. For example, a power
management (PM) bit within the power management
frame 502 may have a value of "1" to indicate that the
station 106 is entering the power save mode. At the time
power management frame 502 is sent to the access point
102, the access point 102 may have queued the data
frame 506 and the data frame 510 for transmission to the
station 106. The access point 102 may send the second
data frame 510 with the EOSP bit = 1 because the second
data frame 510 is the final frame to the station 106. In a
particular embodiment, the final frame with the EOSP =
1 may be a newly scheduled frame that is scheduled in
response to the access point 102 receiving the power
management frame 502 with the PM bit = 1, similar to
the EODI frame described above. The first ACK frame
504 may be sent by the access point 102 to the station
106 to acknowledge receipt of the power management
frame 502. As explained above, the access point 102
continues to send data that had already been prepared
at the time the power management frame 502 with the
PM bit = 1 is received from the station 106 until access
point 102 sends the second data frame 510 with the
EOSP bit = 1.
[0036] To illustrate, the access point 102 continues to
send data, such as the first data frame 506, to the station
106. The station 106 stays awake until it receives the
second data frame 510 with the EOSP bit = 1 from the
access point 102. The second ACK frame 508 may be
sent by the station 106 to the access point 102 to ac-
knowledge receipt of the first data frame 506 with the
EOSP bit = o (e.g., the EOSP bit = o indicates that the
data frame is not the final frame to be sent). The third
ACK frame 512 may be sent by the station 106 to the
access point 102 to acknowledge receipt of the second
data frame 510 with the EOSP bit = 1. The station 106
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may sleep after receiving the second data frame 510 with
the EOSP bit = 1. The access point 102 stops sending
data to the station 106 after the access point 102 sends
the second data frame 510 with the EOSP bit = 1 to the
station 106. Alternatively, in response to the station 106
indicating a pending transition to the power save mode
by sending the power management frame 502 with the
PM bit = 1, the station 106 may implicitly start an un-
scheduled service period, which may be terminated by
the access point 102 sending the second data frame 510
with the EOSP bit = 1 to the station 106.
[0037] A particular station that is in the power save
mode may periodically check for the presence of traffic
buffered at an access point by sending a power save poll
(PS-Poll) frame. The access point may respond with an
acknowledgement (ACK) frame, followed after some
time by a null frame that indicates that no data is pending
for the station, in response to which the station sends an
acknowledgement frame. These frame exchanges and
the corresponding delay may cause power consumption
inefficiency at the station.
[0038] In response to no traffic being buffered at the
access point destined for the particular station, the ac-
cess point may respond to the PS-Poll frame with a short
frame that indicates that no data is currently pending for
the particular station. The response frame could be an
ACK frame in which a more data (MD) bit indicates wheth-
er traffic is buffered for the particular station or not. For
example, a value of "1" in the MD bit may indicate that
traffic is buffered, and a value of "o" in the MD bit may
indicate that no traffic is buffered. Alternatively, a value
of "o" in the MD bit may indicate that traffic is buffered,
and a value of "1" in the MD bit may indicate that no traffic
is buffered. The access point may base the determination
that traffic is buffered for the particular station on a traffic
indication map (TIM) that is stored in a lower portion of
the medium access coordinator. The station’s associa-
tion identifier (AID) that is present in the PS-Poll frame
may serve as an offset into the TIM in order to quickly
determine whether buffered frames are present for the
station.
[0039] Referring to FIG. 6, a fifth illustrative embodi-
ment of data frames that may be sent between a station,
such as one or more of the stations 106, 108, 110 of FIG.
1, and an access point, such as the access point 102 of
FIG. 1, using a short frame that indicates that no data is
currently pending for the station, is depicted and gener-
ally designated 600. The data frames 600 include a first
power save poll (PS-Poll) frame 602, a first acknowledge-
ment (ACK) frame 604, a second PS-Poll frame 606, a
second ACK frame 608, a third PS-Poll frame 610, and
a third ACK frame 612. A first short interframe space
(SIFS) 614, a second SIFS 616, a third SIFS 618, a first
station sleep time 620, and a second station sleep time
622 are associated with transmissions of the data frames
600.
[0040] In a particular embodiment, the station 106 may
periodically send a PS-Poll frame, such as the first PS-

Poll frame 602, to the access point 102 to check for the
presence of buffered traffic at the access point 102. In
response to no traffic being buffered at the access point
102 for the station 106, the access point 102 may respond
with the first ACK frame 604. The first ACK frame 604
may indicate whether traffic associated with the station
106 (e.g., traffic buffered for the station 106) is present.
For example, as illustrated in FIG. 6, the access point
102 may send the first ACK frame 604 with the more data
bit = 0, indicating that traffic associated with the station
is not currently buffered at the access point 102. In a
particular embodiment, the first ACK frame 604 may be
sent after the first SIFS 614 after the first PS-Poll frame
602. The first SIFS 614 is typically too short a timeframe
for the access point 102 to fetch buffered traffic. However,
the first SIFS 614 may be a sufficient timeframe to check
whether or not traffic is buffered. Information about the
presence of buffered traffic is broadcast by the access
point 102 in a traffic indication map (TIM), and the infor-
mation from the TIM can be buffered at a low layer in the
medium access coordinator, where a quick check can be
performed to determine whether traffic is pending for the
station 106 or not. Alternatively, other bits or fields in the
MAC header of a response frame may be used to indicate
the presence of buffered traffic. The station 106 may
sleep in response to receiving the first ACK frame 604
until the second PS-Poll frame 606 is sent.
[0041] For example, the station 106 may sleep until
sending the second PS-Poll frame 606 to the access point
102 to check for the presence of buffered traffic. In re-
sponse to no traffic being buffered by the access point
102 for the station 106, the access point 102 may respond
to the second PS-Poll frame 606 with the second ACK
frame 608 with the more data (MD) bit = 0. The second
ACK frame 608 may be sent after the second SIFS 616
after the second PS-Poll frame 606. Alternately, if the
station 106 receives an ACK frame with MD = 1, the sta-
tion 106 may remain awake to receive one or more data
frames from the access point 102.
[0042] To illustrate, referring to FIG. 7, a sixth illustra-
tive embodiment of data frames that may be sent be-
tween a station, such as one or more of the stations 106,
108, 110 of FIG. 1, and an access point, such as the
access point 102 of FIG. 1, using a short frame that in-
dicates that data is currently pending for the station, is
depicted and generally designated 700. The data frames
700 include a first power save poll (PS-Poll) frame 702,
a first acknowledgement (ACK) frame 704, a data frame
706, a second ACK frame 708, a second PS-Poll frame
710, and a third ACK frame 712. A first short interframe
space (SIFS) 714, a second SIFS 716, a third SIFS 722,
a station wake time 720, and a station sleep time 724 are
associated with transmissions of the data frames 700.
[0043] In a particular embodiment, the station 106 may
periodically send a PS-Poll frame, such as the first PS-
Poll frame 702, to the access point 102 to check for the
presence of buffered traffic at the access point 102. In
response to traffic being buffered at the access point 102
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for the station 106, the access point 102 may respond
with the first ACK frame 704. The first ACK frame 704
may indicate whether traffic associated with the station
106 (e.g., traffic buffered for the station 106) is present.
For example, as illustrated in FIG. 7, the access point
102 may send the first ACK frame 704 with the more data
bit = 1, effectively starting a service period and indicating
that traffic associated with the station is currently buffered
at the access point 102. In a particular embodiment, the
first ACK frame 704 may be sent after the first SIFS 714
after the first PS-Poll frame 702. The station 106 may
stay awake until it receives a frame from the access point
102 indicating that no further traffic is buffered at the ac-
cess point 102. For example, end of service period
(EOSP) signaling may be used to indicate that no further
traffic is buffered at the access point 102 and that the
station 106 can go back to the sleep state. For example,
an EOSP bit having a value of "1" may be included in a
media access control (MAC) header of the data frame
706, indicating that no further traffic is buffered at the
access point 102. After receiving the data frame 706 from
the access point 102, the station 106 may send the sec-
ond ACK frame 708 to the access point 102 to acknowl-
edge receipt of the data frame 706. The station 106 may
enter a sleep mode after receipt of the data frame 706
until the second PS-Poll frame 710 is sent.
[0044] For example, the station 106 may sleep until
sending the second PS-Poll frame 710 to the access point
102 to check for the presence of buffered traffic. In re-
sponse to no traffic being buffered by the access point
102 for the station 106, the access point 102 may respond
to the second PS-Poll frame 710 with the second ACK
frame 712 with the more data bit = 0. The second ACK
frame 712 may be sent after the second SIFS 722 after
the second PS-Poll frame 710.
[0045] In a particular embodiment, to save power, the
station 106 may wake up only to poll the access point
102 to determine whether or not buffered data is availa-
ble. However, in this embodiment, the station 106 may
miss receiving critical network update information from
the access point 102. Such changes may affect an op-
erating mode of a base station system associated with
the station 106 and the access point 102. For example,
the station 106 may be in a power save mode (i.e., sleep-
ing) when the access point 102 transmits beacon update
information to stations within range of the access point
102. To reduce or minimize such scenarios, an acknowl-
edge frame from the access point 102 may include an
updated beacon version number (BVN) that is used by
the station 106 to determine whether it should wake up
to receive a beacon or to solicit a probe response by
sending a probe request to the access point 102.
[0046] To illustrate, referring to FIG. 8, a seventh illus-
trative embodiment of data frames that may be sent be-
tween a station, such as one or more of the stations 106,
108, 110 of FIG. 1, and an access point, such as the
access point 102 of FIG. 1, using a short frame that in-
dicates that data is currently pending for the station, is

depicted and generally designated 800. The data frames
800 include a first power save poll (PS-Poll) frame 802,
a first acknowledgement (ACK) frame 804, a first probe
request frame 806, a second ACK frame 808, a probe
response frame 810, a third ACK frame 812, a second
PS-Poll frame 822, a fourth ACK frame 824, a second
probe response frame 826, and a fifth ACK frame 828.
A first short interframe space (SIFS) 814, a second SIFS
816, a third SIFS 818, a fourth SIFS 830, a fifth SIFS
832, and a wake time 834 are associated with transmis-
sions of the data frames 800.
[0047] In a particular embodiment, the access point
102 updates the beacon version number when a signif-
icant change occurs in the beacon which needs to be
parsed by all stations in a base station system. Such a
change may include a change to channel access param-
eters through an enhanced distributed channel access
parameter set or a change in an operating bandwidth at
the access point 102. To illustrate, the station 106 notes
that the beacon version number (BVN) has been updat-
ed, after which the station 106 solicits a probe response
frame by sending a probe request frame to the access
point 102. For example, the station 106 may periodically
send a PS-Poll frame, such as the first PS-Poll frame
802, to the access point 102 to check for the presence
of buffered traffic at the access point 102. The access
point 102 may respond with the first ACK frame 804. The
first ACK frame 804 may indicate that the BVN has been
updated. For example, as illustrated in FIG. 8, the access
point 102 may send the first ACK frame 804 including an
updated BVN. In response to receiving the first ACK
frame 804, the station 106 may solicit the probe response
frame 810 by sending the probe request 806 to the ac-
cess point 102. The second ACK frame 808 may be sent
by the access point 102 to the station 106 to acknowledge
receipt of the probe request 806. The access point 102
may send the probe response 810 to the station 106. The
third ACK frame 812 may be sent by the station 106 to
the access point 102 to acknowledge receipt of the probe
response 810.
[0048] Alternatively, when a significant update occurs,
the access point 102 may schedule a probe response
frame for each station that is known to be in a power save
mode during which the station does not receive beacons
(i.e., a deep sleep mode). A particular station may indi-
cate to the access point 102 that it is in a deep sleep
mode. For example, the access point 102 may buffer a
probe response frame for the particular station when a
critical update occurred. To illustrate, the station 106 may
send the first PS-Poll frame 822 to the access point 102
to check for the presence of buffered data at the access
point 102. The access point 102 may respond with the
fourth ACK frame 824. The fourth ACK frame 824 may
indicate that data is buffered with a more data bit value
= "1". Alternatively, a value of "o" in the more data bit
may indicate that data is buffered. The station 106 may
stay awake until it receives a frame from the access point
102 indicating that no further data is buffered at the ac-

13 14 



EP 3 346 770 A1

9

5

10

15

20

25

30

35

40

45

50

55

cess point 102. For example, end of service period
(EOSP) signaling may be used to indicate that no further
data is buffered at the access point 102 and that the sta-
tion 106 can go back to a sleep state. For example, an
EOSP bit having a value of "1" may be included in a
media access control (MAC) header of the second probe
response frame 826, indicating that no further data is
buffered at the access point 102. After receiving the sec-
ond probe response frame 826 from the access point
102, the station 106 may send the fifth ACK frame 828
to the access point 102 to acknowledge receipt of the
second probe response frame 826.
[0049] The second probe response frame 826 may be
encapsulated in a data frame so that an EOSP field is
present. The second probe response frame 826 may be
transmitted using a quality of service (QoS) management
frame that includes an EOSP field.
[0050] Thus, as described with reference to FIGS. 6-8,
when no traffic is buffered at the access point (AP) des-
tined for the station (STA), the AP responds to the PS-
Poll frame with a short frame that indicates that no data
is currently pending for the STA. The response frame
could be an ACK frame in which the MD bit is defined to
indicate whether traffic is buffered (1) for the STA or not
(0).
[0051] The signaling of the MD bit may be reversed to
let ’1’ indicate that no traffic is buffered and ’0’ that traffic
may be buffered, which allows that the feature is imple-
mented with very little changes to the existing implemen-
tation (in which the STA would stay awake after receiving
an ACK frame with MD=0 in response to a PS-Poll frame).
[0052] The ACK frame is sent SIFS after the PS-Poll
frame. This time is typically too short for an AP to fetch
buffered traffic, but a check whether traffic buffered is
likely easy to meet the timing schedule. Information about
the presence of buffered traffic is already broadcast by
the AP in the traffic indication map (TIM), and the infor-
mation from the TIM can be buffered at a low layer in the
medium access coordinator where a quick check can be
performed whether traffic is pending for a STA or not. As
illustrated in FIG. 6, the STA periodically sends a PS-Poll
to the AP to check the presence of buffered traffic. When
no traffic is buffered for the STA at the AP, the AP re-
sponds with an ACK frame in which the MD bit indicates
that no data is buffered for the STA.
[0053] Alternatively, other bits or fields in the MAC
header of a response frame may be used to indicate the
presence of buffered traffic. When traffic is buffered at
the AP, the ACK frame from the AP will indicate that by
setting the MD field to 1, effectively starting a service
period. In this case, the STA stays awake until it receives
from the AP a frame with the EOSP bit set to 1. The
service period may effectively start after a defined fetch
time on behalf of the AP, during which the AP fetches
the buffered data and during which the STA may enter a
sleep mode. The AP will send no data to the STA during
the fetch time. As illustrated in FIG. 7, the STA periodi-
cally sends a PS-Poll to the AP to check the presence of

buffered traffic. When traffic is buffered for the STA at
the AP, the AP responds with an ACK frame in which the
MD bit indicates that data is buffered for the STA, followed
by the data. The AP sets the EOSP field to 1 when the
final data frame is sent to the STA, ending the service
period.
[0054] The ACK response frame from the AP may in-
clude a beacon version number (BVN) that is used by
the STA to determine whether it should wake up to re-
ceive a beacon or to solicit a probe response by sending
a probe request to the AP. As illustrated in FIG. 8, the
STA notes that the beacon version number (BVN) has
been updated, after which the STA solicits a probe re-
sponse frame by sending a probe request frame to the
AP.
[0055] The AP updates the beacon version number
when a significant change occurs in the beacon which
needs to be parsed by all STAs in the BSS. Such a
change may include a change to the channel access pa-
rameters through the EDCA Parameter Set or a change
in the operating bandwidth at the AP.
[0056] Alternatively, when a significant update occurs,
AP may schedule a probe response frame for each STA
that is known to be in a power save mode during which
the STA does not receive beacons (i.e. a deep sleep
mode). A STA may indicate to the AP that it is in a deep
sleep mode.
[0057] The buffered probe response frame may be en-
capsulated in a data frame so that an EOSP field is
present. The buffered probe response frame may be
transmitted using a QoS management frame that in-
cludes an EOSP field.
[0058] For IEEE 802.11ah associations, the more data
(MD) field in management frames (e.g., the MD field of
the frames 604, 608, 622 of FIG. 6, the MD field of the
frames 704, 708, and 712 of FIG. 7, or the MD field of
the frame 824 of FIG. 8) may function as an end of service
period (EOSP) field. For example, a PS-Poll frame may
start an unscheduled asynchronous power save delivery
(U-APSD) service period, which may terminate respon-
sive to a frame with the EOSP field set to 1 (e.g., as
illustrated by the frame 206 of FIG. 2, the frame 310 of
FIG. 3, the frame 510 of FIG. 5, the frame 706 of FIG. 7,
and the frame 826 of FIG. 8). Thus, a legacy interpretation
in which a PS-Poll frame triggers the transmission of a
single frame may not be present for IEEE 802.11ah as-
sociations.
[0059] It will thus be appreciated that various embod-
iments described herein may reduce inefficient use of
resources by preventing sleep mode in certain conditions
and forcing recognition of sleep mode in other conditions.
For example, when a STA indicates an upcoming tran-
sition to sleep mode, the STA may be prevented from
entering the sleep mode until any previously buffered traf-
fic is delivered to the STA and/or until the STA receives
an indication from an AP that no buffered traffic exists
for the STA. In addition, by waiting for a delivery condition
to be satisfied (e.g., a fetch time to elapse or a delivery
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trigger frame to be received) before transmitting data to
the STA, the AP may reduce or minimize retransmis-
sions. It will also be appreciated that in contrast to other
power save methods, embodiments described herein
may enable a STA to wake up as desired instead of in
accordance with a predetermined schedule that is shared
between the STA and an AP.
[0060] Referring to FIG. 9, a particular illustrative em-
bodiment of a method of communication between a sta-
tion and an access point is depicted and generally des-
ignated 900. The method 900 may be performed by an
access point, such as the access point 102 of FIG. 1.
[0061] The method 900 includes receiving a power
save polling (PS-Poll) frame from a station at an access
point, at 902. For example, in FIG. 6, the PS-Poll frame
602 may be received by an access point. The method
900 also includes, in response to receiving the PS-Poll
frame, transmitting a frame from the access point to the
station indicating whether traffic associated with the sta-
tion is buffered at the access point, at 904. In a particular
embodiment, a more data (MD) bit of an acknowledge-
ment (ACK) frame may be used to represent the indica-
tion. For example, in FIG. 6, the ACK frame 604 including
the MD bit = 0 may be transmitted from the access point
to the station. The method 900 of FIG. 9 may be per-
formed multiple times during operation of the station and
the access point. For example, additional PS-Poll frames
606, 610 and ACK frames 608,612 may be communicat-
ed between the station and the access point.
[0062] Referring to FIG. 10, a particular illustrative em-
bodiment of a method of communication between a sta-
tion and an access point is depicted and generally des-
ignated 1000. The method 1000 may be performed by a
station, such as one or more of the stations 106, 108,
110 of FIG. 1.
[0063] The method 1000 includes transmitting a first
frame from a station to an access point indicating that
the station is to enter a power save mode, at 1002. For
example, referring to FIGS. 4-5, the station may transmit
the power management (PM) frame 402 of FIG. 4 or the
PM frame 502 of FIG. 5.
[0064] The method 1000 also includes refraining from
entering the power save mode until an end of data frame
is received from the access point, at 1004, and entering
the power save mode at the station in response to re-
ceiving the end of data frame from the access point, at
1006. For example, the end of data frame may be the
EODI frame, such as the EODI frame 410 of FIG. 4. Al-
ternately, the end of data frame may include an asserted
EOSP bit, as illustrated by the frame 510 of FIG. 5. Re-
fraining from entering the power save mode until the EO-
DI frame or asserted EOSP bit is received may reduce
the number of data frames that are re-fetched and re-
buffered, which may reduce power consumption at the
access point and the station and increase throughput be-
tween the access point and the station.
[0065] Referring to FIG. 11, a particular illustrative em-
bodiment of a method of communication between a sta-

tion and an access point is depicted and generally des-
ignated 1100. The method 1100 may be performed by
an access point, such as the access point 102 of FIG. 1.
[0066] The method 1100 includes receiving a fetch trig-
ger frame from a station at an access point, at 1102. For
example, referring to FIGS. 2-3, the fetch trigger frame
202 of FIG. 2 or the fetch trigger frame 302 of FIG. 3 may
be received at an access point.
[0067] The method 1100 also includes fetching one or
more data frames associated with the station in response
to the fetch trigger frame, at 1104. For example, referring
to FIGS. 2-3, the data frame 206 of FIG. 2 or the data
frame 310 of FIG. 3 may be fetched (i.e., prepared for
delivery) by the access point.
[0068] The method 1100 further includes refraining
from transmitting the one or more fetched data frames
to the station until a delivery condition is satisfied, at 1106.
For example, the delivery condition may be satisfied
when a predetermined time period, such as the fetch time
210 of FIG. 2 (during which the station may enter a power
save mode) has elapsed. Alternately, the delivery con-
dition may be satisfied when a delivery trigger frame is
received from the station, such as the delivery trigger
frame 306 of FIG. 3. Refraining from transmitting the data
frames until the delivery condition is satisfied may pre-
vent the access point transmitting data to the station while
the station is in a power save mode (e.g. asleep).
[0069] Referring to FIG. 12, a particular illustrative em-
bodiment of a method of communication between a sta-
tion and an access point is depicted and generally des-
ignated 1200. The method 1200 may be performed by
an access point, such as the access point 102 of FIG. 1.
[0070] The method 1200 includes receiving a power
save polling (PS-Poll) frame from a station at an access
point, at 1202. For example, in FIG. 7, the PS-Poll frame
702 may be received by an access point. In a particular
embodiment, the method 1200 may include, in response
to receiving the PS-Poll frame, transmitting a frame from
the access point to the station indicating that traffic as-
sociated with the station is buffered at the access point,
at 1204. For example, the frame may include an updated
beacon version number and may be sent to prevent the
station from sleeping before receiving the updated bea-
con version number. To illustrate, the frame with the up-
dated beacon version number may be the frame 804 of
FIG. 8. The method 800 may further include receiving a
probe request frame from the station at the access point,
at 1206, and transmitting a probe response frame to the
station from the access point, at 1208. For example, the
probe request frame may be the probe request frame
806 of FIG. 8 and the probe response frame may be the
probe response frame 810 of FIG. 8.
[0071] In an alternate embodiment, the method 1200
may include scheduling a probe response frame for sta-
tions that are known to be in power save mode (e.g.,
sleeping). The scheduled probe response frame may be
transmitted using a quality of service (QoS) management
frame having an EOSP bit = 1. For example, the method
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1200 may include transmitting a frame from the access
point to the station indicating that traffic associated with
the station is buffered (to prevent the station from sleep-
ing), at 1210, and scheduling a probe response frame
for transmission to the station, at 1212. To illustrate, the
probe response frame may be the probe response frame
826 of FIG. 1, having the EOSP bit = 1.
[0072] The methods of FIGS. 9-12 may thus reduce
power consumption and increase signaling efficiency be-
tween stations and access points in a wireless network.
The methods of FIGS. 9-12 may also reduce the number
of packets that are re-fetched and re-buffered, which may
increase throughput of the wireless network.
[0073] Referring to FIG. 13, a block diagram of a par-
ticular illustrative embodiment of a wireless electronic de-
vice is depicted and generally designated 1300. In an
illustrative embodiment, one or more components of the
wireless electronic device 1300 may be included in an
access point (e.g., the access point 102 of FIG. 1) or a
station (e.g., the stations 106-110 of FIG. 1). All or part
of the one or more of methods described in FIGS. 9-12
may be performed at the wireless electronic device 1300
of FIG. 13. The wireless electronic device 1300 includes
a processor 1310, such as a digital signal processor
(DSP), coupled to a memory 1332.
[0074] The memory 1332 is a non-transitory tangible
computer readable storage medium that stores instruc-
tions 1360. The instructions 1360 may be executable by
the processor 1310. For example, the instructions 1360
may include instructions to initiate, control, and/or per-
form one or more of the methods or functions described
herein, such as the methods 900-1200 of FIGS. 9-12
and/or variations or portions thereof. In a particular em-
bodiment, the memory 1332 stores PS-Poll frames, Pow-
er Management frames, fetch trigger frames and/or de-
livery trigger frames or messages, as described with ref-
erence to FIGS. 2-6. Alternatively, the frames or mes-
sages may be stored at the network and retrieved in re-
sponse to receiving a request for buffered data from the
wireless electronic device 1300. For example, the wire-
less electronic device 1300 may be any of the stations
106-110 (or a component of any station) of FIG. 1.
[0075] FIG. 13 also shows a display controller 1326
that is coupled to the processor 1310 and to a display
device 1328. A coder/decoder (CODEC) 1334 can also
be coupled to the processor 1310. A speaker 1336 and
a microphone 1338 can be coupled to the CODEC 1334.
FIG. 13 also indicates that a wireless controller 1340 can
be coupled to the processor 1310 and to a wireless an-
tenna 1342. In a particular embodiment, the processor
1310, the display controller 1326, the memory 1332, the
CODEC 1334, and the wireless controller 1340 are in-
cluded in a system-in-package or system-on-chip device
1322. In a particular embodiment, an input device 1330
and a power supply 1344 are coupled to the system-on-
chip device 1322. Moreover, in a particular embodiment,
as illustrated in FIG. 13, the display device 1328, the
input device 1330, the speaker 1336, the microphone

1338, the wireless antenna 1342, and the power supply
1344 are external to the system-on-chip device 1322.
However, each of the display device 1328, the input de-
vice 1330, the speaker 1336, the microphone 1338, the
wireless antenna 1342, and the power supply 1344 can
be coupled to a component of the system-on-chip device
1322, such as an interface or a controller.
[0076] In conjunction with the described embodiments,
a first apparatus includes means for receiving a fetch
trigger frame from a station at an access point. For ex-
ample, the means for receiving may include the proces-
sor 1310, the wireless controller 1340, the wireless an-
tenna 1342, one or more other devices configured to re-
ceive data, or any combination thereof. The apparatus
also includes means for fetching, in response to the fetch
trigger frame, one or more data frames associated with
the station. For example, the means for fetching may
include the processor 1310, the memory 1332, one or
more other devices configured to fetch data, or any com-
bination thereof. The apparatus further includes means
for refraining from transmitting the one or more fetched
data frames to the station until determining at the access
point that a fetch time associated with the station has
elapsed or until a delivery trigger frame is received from
the station. The access point is configured to communi-
cate with one or more other stations during the fetch time.
For example, the means for refraining may include the
processor 1310, the wireless controller 1340, one or
more other devices configured to refrain from transmitting
data, or any combination thereof.
[0077] A second apparatus includes means for trans-
mitting a fetch trigger frame from a station to an access
point. For example, the means for transmitting may in-
clude the processor 1310, the wireless controller 1340,
the wireless antenna 1342, one or more other devices
configured to transmit data, or any combination thereof.
The apparatus also includes means for entering a power
save mode at the station until a determination at the sta-
tion that a fetch time associated with the station has
elapsed and for exiting the power save mode in response
to the determination. The access point is configured to
communicate with one or more other stations during the
fetch time. For example, the means for entering and for
exiting may include the processor 1310, the wireless con-
troller 1340, one or more other devices configured to en-
ter and exit power save mode, or any combination there-
of. The apparatus further includes means for receiving
one or more data frames from the access point at the
station after exiting the power save mode. For example,
the means for receiving may include the processor 1310,
the wireless controller 1340, the wireless antenna 1342,
one or more other devices configured to receive data, or
any combination thereof.
[0078] A third apparatus includes means for receiving
a first frame from a station at an access point, the first
frame indicating that the station is to enter a power save
mode. For example, the means for receiving may include
the processor 1310, the wireless controller 1340, the
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wireless antenna 1342, one or more other devices con-
figured to receive data, or any combination thereof. The
apparatus also includes means for transmitting one or
more data frames and an end of data frame from the
access point to the station. The one or more data frames
were buffered for transmission prior to receipt of the first
frame. For example, the means for transmitting may in-
clude the processor 1310, the wireless controller 1340,
the wireless antenna 1342, one or more other devices
configured to transmit data, or any combination thereof.
[0079] A fourth apparatus includes means for transmit-
ting a first frame from a station to an access point, the
first frame indicating that the station is to enter a power
save mode. For example, the means for transmitting may
include the processor 1310, the wireless controller 1340,
the wireless antenna 1342, one or more other devices
configured to transmit data, or any combination thereof.
The apparatus also includes means for refraining from
entering the power save mode until an end of data frame
is received from the access point. For example, the
means for refraining may include the processor 1310,
the wireless controller 1340, one or more other devices
configured to refrain from entering power save mode, or
any combination thereof. The apparatus further includes
means for entering the power save mode at the station
in response to receiving the end of data frame from the
access point. For example, the means for entering may
include the processor 1310, the wireless controller 1340,
one or more other devices configured to enter a power
save mode, or any combination thereof.
[0080] A fifth apparatus includes means for receiving
a power save polling frame from a station at an access
point. For example, the means for receiving may include
the processor 1310, the wireless controller 1340, the
wireless antenna 1342, one or more other devices con-
figured to receive data, or any combination thereof. The
apparatus also includes means for transmitting, in re-
sponse to receipt of the power save polling frame, a frame
from the access point to the station. The frame indicates
whether traffic associated with the station is buffered at
the access point. For example, the means for transmitting
may include the processor 1310, the wireless controller
1340, the wireless antenna 1342, one or more other de-
vices configured to transmit data, or any combination
thereof.
[0081] A sixth apparatus includes means for transmit-
ting a power save polling frame from a station to an ac-
cess point. For example, the means for transmitting may
include the processor 1310, the wireless controller 1340,
the wireless antenna 1342, one or more other devices
configured to transmit data, or any combination thereof.
The apparatus also includes means for receiving, in re-
sponse to transmitting the power save polling frame, a
frame from the access point indicating whether traffic as-
sociated with the station is buffered at the access point.
For example, the means for receiving may include the
processor 1310, the wireless controller 1340, the wire-
less antenna 1342, one or more other devices configured

to receive data, or any combination thereof.
[0082] Those of skill would further appreciate that the
various illustrative logical blocks, configurations, mod-
ules, circuits, and algorithm steps described in connec-
tion with the embodiments disclosed herein may be im-
plemented as electronic hardware, computer software,
or combinations of both. Various illustrative components,
blocks, configurations, modules, circuits, and steps have
been described above generally in terms of their func-
tionality. Whether such functionality is implemented as
hardware or software depends upon the particular appli-
cation and design constraints imposed on the overall sys-
tem. Skilled artisans may implement the described func-
tionality in varying ways for each particular application,
but such implementation decisions should not be inter-
preted as causing a departure from the scope of the
present disclosure.
[0083] The steps of a method or algorithm described
in connection with the embodiments disclosed herein
may be embodied directly in hardware, in a software mod-
ule executed by a processor, or in a combination of the
two. A software module may reside in random access
memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), eras-
able programmable read-only memory (EPROM), elec-
trically erasable programmable read-only memory (EEP-
ROM), registers, hard disk, a removable disk, a compact
disc read-only memory (CD-ROM), or any other form of
non-transitory storage medium known in the art. An ex-
emplary storage medium is coupled to the processor
such that the processor can read information from, and
write information to, the storage medium. In the alterna-
tive, the storage medium may be integral to the proces-
sor. The processor and the storage medium may reside
in an application-specific integrated circuit (ASIC). The
ASIC may reside in a computing device or a user terminal.
In the alternative, the processor and the storage medium
may reside as discrete components in a computing de-
vice or user terminal.
[0084] The previous description of the disclosed em-
bodiments is provided to enable a person skilled in the
art to make or use the disclosed embodiments. Various
modifications to these embodiments will be readily ap-
parent to those skilled in the art, and the principles de-
fined herein may be applied to other embodiments with-
out departing from the scope of the disclosure. Thus, the
present disclosure is not intended to be limited to the
embodiments disclosed herein but is to be accorded the
widest scope possible consistent with the principles and
novel features as defined by the following claims.
[0085] In the following, further embodiments are de-
scribed to facilitate the understanding of the invention:

1. A method comprising:

receiving a fetch trigger frame from a station at
an access point;
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in response to the fetch trigger frame, fetching
one or more data frames associated with the
station; and

refraining from transmitting the one or more
fetched data frames to the station until determin-
ing at the access point that a fetch time associ-
ated with the station has elapsed or until a de-
livery trigger frame is received from the station,

wherein the access point is configured to com-
municate with one or more other stations during
the fetch time.

2. The method of embodiment 1, wherein the fetch
time is included in the fetch trigger frame.

3. The method of embodiment 1, wherein the fetch
time is included in an acknowledgement frame sent
in response to the fetch trigger frame or in a beacon
frame.

4. The method of embodiment 1, further comprising
returning the fetched one or more data frames to a
buffer when the delivery trigger frame is not received
within a reset time period.

5. A method comprising:

transmitting a fetch trigger frame from a station
to an access point;

entering a power save mode at the station until
a determination at the station that a fetch time
associated with the station has elapsed, wherein
the access point is configured to communicate
with one or more other stations during the fetch
time; and

in response to the determination, exiting the
power save mode and receiving one or more
data frames from the access point at the station
after exiting the power save mode.

6. The method of embodiment 5, wherein the fetch
time is included in the fetch trigger frame.

7. The method of embodiment 6, wherein the fetch
time is included in an acknowledgement frame re-
ceived in response to the fetch trigger frame or in a
beacon frame.

8. The method of embodiment 5, wherein the fetch
trigger frame comprises a power save poll (PS-Poll)
frame or an unscheduled asynchronous power save
delivery (U-APSD) frame.

9. The method of embodiment 5, further comprising,

in response to the determination that the fetch time
has elapsed, transmitting a delivery trigger frame to
the access point and refraining from re-entering the
power save mode until one or more data frames are
received from the access point responsive to the de-
livery trigger frame.

10. A method comprising:

receiving a first frame from a station at an access
point indicating that the station is to enter a pow-
er save mode;

transmitting one or more data frames from the
access point to the station, wherein the one or
more data frames were buffered for transmis-
sion prior to receipt of the first frame; and

transmitting an end of data frame to the station.

11. The method of embodiment 10, wherein the end
of data frame is represented by a particular data
frame of the one or more data frames.

12. A method comprising:

transmitting a first frame from a station to an
access point indicating that the station is to enter
a power save mode;

refraining from entering the power save mode
until an end of data frame is received from the
access point; and

in response to receiving the end of data frame
from the access point, entering the power save
mode at the station.

13. The method of embodiment 12, wherein the end
of data frame comprises a data frame that indicates
an end of service period.

14. A method comprising:

receiving a power save polling frame from a sta-
tion at an access point; and

in response to receiving the power save polling
frame, transmitting a frame from the access
point to the station, the frame indicating whether
traffic associated with the station is buffered at
the access point.

15. The method of embodiment 14, wherein the
frame indicates that traffic associated with the station
is buffered at the access point, and further compris-
ing sending one or more data frames to the station
from the access point.
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16. The method of embodiment 15, wherein at least
one of the data frames indicates an end of service
period.

17. The method of embodiment 14, wherein the
frame includes an updated beacon version number.

18. The method of embodiment 14, further compris-
ing scheduling a probe response frame for transmis-
sion from the access point to the station.

19. A method comprising:

transmitting a power save polling frame from a
station to an access point; and

in response to transmitting the power save poll-
ing frame, receiving a frame from the access
point indicating whether traffic associated with
the station is buffered at the access point.

20. The method of embodiment 19, further compris-
ing, when the frame indicates that traffic associated
with the station is not buffered at the access point:

entering a power save mode; and

transmitting a second power save polling frame
from the station to the access point after exiting
the power save mode.

21. The method of embodiment 19, further compris-
ing, when the frame indicates that traffic associated
with the station is buffered at the access point:

receiving one or more data frames from the ac-
cess point, wherein a particular data frame of
the one or more data frames indicates an end
of service period;

entering a power save mode after receiving the
particular data frame indicating the end of serv-
ice period; and

transmitting a second power save polling frame
from the station to the access point after exiting
the power save mode.

22. An apparatus comprising:

a processor; and

a memory storing instructions executable by the
processor to:

at an access point, in response to a fetch
trigger frame received from a station, fetch
one or more data frames associated with

the station; and

refrain from transmitting the one or more
fetched data frames to the station until de-
termining at the access point that a fetch
time associated with the station has elapsed
or until a delivery trigger frame is received
from the station,

wherein the access point is configured to
communicate with one or more other sta-
tions during the fetch time.

23. A non-transitory computer-readable medium
comprising instructions that, when executed by a
computer, cause the computer to:

receive a fetch trigger frame from a station at an
access point;

in response to the fetch trigger frame, fetch one
or more data frames associated with the station;
and

refrain from transmitting the one or more fetched
data frames to the station until determining at
the access point that a fetch time associated with
the station has elapsed or until a delivery trigger
frame is received from the station,

wherein the access point is configured to com-
municate with one or more other stations during
the fetch time.

24. An apparatus comprising:

means for receiving a fetch trigger frame from a
station at an access point;

means for fetching, in response to the fetch trig-
ger frame, one or more data frames associated
with the station; and

means for refraining from transmitting the one
or more fetched data frames to the station until
determining at the access point that a fetch time
associated with the station has elapsed or until
a delivery trigger frame is received from the sta-
tion,

wherein the access point is configured to com-
municate with one or more other stations during
the fetch time.

25. An apparatus comprising:

a processor; and
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a memory storing instructions executable by the
processor to:

transmit a fetch trigger frame from a station
to an access point;

enter a power save mode at the station until
a determination at the station that a fetch
time associated with the station has
elapsed, wherein the access point is con-
figured to communicate with one or more
other stations during the fetch time; and

in response to the determination, exit the
power save mode and receiving one or
more data frames from the access point at
the station after exiting the power save
mode.

26. A non-transitory computer-readable medium
comprising instructions that, when executed by a
computer, cause the computer to:

transmit a fetch trigger frame from a station to
an access point;

enter a power save mode at the station until a
determination at the station that a fetch time as-
sociated with the station has elapsed, wherein
the access point is configured to communicate
with one or more other stations during the fetch
time; and

in response to the determination, exit the power
save mode and receiving one or more data
frames from the access point at the station after
exiting the power save mode.

27. An apparatus comprising:

means for transmitting a fetch trigger frame from
a station to an access point;

means for entering a power save mode at the
station until a determination at the station that a
fetch time associated with the station has
elapsed and for exiting the power save mode in
response to the determination, wherein the ac-
cess point is configured to communicate with
one or more other stations during the fetch time;
and

means for receiving one or more data frames
from the access point at the station after exiting
the power save mode.

28. An apparatus comprising:

a processor; and

a memory storing instructions executable by the
processor to:

receive a first frame from a station at an ac-
cess point, the first frame indicating that the
station is to enter a power save mode;

transmit one or more data frames from the
access point to the station, wherein the one
or more data frames were buffered for trans-
mission prior to receipt of the first frame;
and transmit an end of data frame to the
station.

29. A non-transitory computer-readable medium
comprising instructions that, when executed by a
computer, cause the computer to:

receive a first frame from a station at an access
point, the first frame indicating that the station
is to enter a power save mode;

transmit one or more data frames from the ac-
cess point to the station, wherein the one or more
data frames were buffered for transmission prior
to receipt of the first frame; and

transmit an end of data frame to the station.

30. An apparatus comprising:

means for receiving a first frame from a station
at an access point, the first frame indicating that
the station is to enter a power save mode;

means for transmitting one or more data frames
and an end of data frame from the access point
to the station, wherein the one or more data
frames were buffered for transmission prior to
receipt of the first frame.

31. An apparatus comprising:

a processor; and

a memory storing instructions executable by the
processor to:

transmit a first frame from a station to an
access point, the first frame indicating that
the station is to enter a power save mode;

refrain from entering the power save mode
until an end of data frame is received from
the access point; and
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in response to receiving the end of data
frame from the access point, enter the pow-
er save mode at the station.

32. A non-transitory computer-readable medium
comprising instructions that, when executed by a
computer, cause the computer to:

transmit a first frame from a station to an access
point, the first frame indicating that the station
is to enter a power save mode;

refrain from entering the power save mode until
an end of data frame is received from the access
point; and

in response to receiving the end of data frame
from the access point, entering the power save
mode at the station.

33. An apparatus comprising:

means for transmitting a first frame from a sta-
tion to an access point, the first frame indicating
that the station is to enter a power save mode;

means for refraining from entering the power
save mode until an end of data frame is received
from the access point; and

means for entering the power save mode at the
station in response to receiving the end of data
frame from the access point.

34. An apparatus comprising a processor; and a
memory storing instructions executable by the proc-
essor to:

receive a power save polling frame from a sta-
tion at an access point; and

in response to receiving the power save polling
frame, transmit a frame from the access point
to the station, the frame indicating whether traffic
associated with the station is buffered at the ac-
cess point.

35. A non-transitory computer-readable medium
comprising instructions that, when executed by a
computer, cause the computer to:

receive a power save polling frame from a sta-
tion at an access point; and

in response to receiving the power save polling
frame, transmit a frame from the access point
to the station, the frame indicating whether traffic
associated with the station is buffered at the ac-

cess point.

36. An apparatus comprising:

means for receiving a power save polling frame
from a station at an access point; and

means for transmitting, in response to receipt of
the power save polling frame, a frame from the
access point to the station, the frame indicating
whether traffic associated with the station is buff-
ered at the access point.

37. An apparatus comprising:

a processor; and

a memory storing instructions executable by a
processor to:

transmit a power save polling frame from a
station to an access point; and

in response to transmitting the power save
polling frame, receive a frame from the ac-
cess point indicating whether traffic associ-
ated with the station is buffered at the ac-
cess point.

38. A non-transitory computer-readable medium
comprising instructions that, when executed by a
computer, cause the computer to:

transmit a power save polling frame from a sta-
tion to an access point; and

in response to transmitting the power save poll-
ing frame, receive a frame from the access point
indicating whether traffic associated with the
station is buffered at the access point.

39. An apparatus comprising

means for transmitting a power save polling
frame from a station to an access point; and

means for receiving, in response to transmitting the
power save polling frame, a frame from the access
point indicating whether traffic associated with the
station is buffered at the access point.

Claims

1. A method comprising:

receiving a frame from a station at an access
point, the frame indicating that the station is to
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enter a power save mode; and
in response to receiving the frame, sending from
the access point to the station:

an indicator of whether traffic associated
with the station is buffered by the access
point, the indicator sent after a first short
interframe space, SIFS, after the frame, and
information indicating a data fetch time pe-
riod, an end of the data fetch time period
indicating a start time of a service period of
the access point.

2. The method of claim 1, wherein the frame includes
a fetch trigger frame, and wherein the indicator in-
cludes a bit value in an acknowledgement short
frame sent by the access point to the station in re-
sponse to the frame.

3. The method of claim 1, wherein the frame includes
a Power Save Poll, PS-Poll, frame.

4. The method of claim 1, wherein the information in-
dicating the data fetch time period is included in an
acknowledgement sent from the access point to the
station.

5. The method of claim 1, further comprising fetching
data corresponding to one or more data frames dur-
ing the data fetch time period.

6. The method of claim 5, further comprising sending
the one or more data frames from the access point
to the station during the service period.

7. An apparatus comprising:

means for receiving a frame from a station at an
access point, the frame indicating that the sta-
tion is to enter a power save mode; and
means for sending from the access point to the
station, in response to receiving the frame:

an indicator of whether traffic associated
with the station is buffered by the access
point, the indicator sent after a first short
interframe space, SIFS, after the frame, and
information indicating a data fetch time pe-
riod, an end of the data fetch time period
indicating a start time of a service period of
the access point.

8. A method comprising:

transmitting a frame from a station to an access
point, the frame indicating that the station is to
enter a power save mode; and
in response to transmitting the frame, receiving

at the station from the access point:

an indicator of whether traffic associated
with the station is buffered by the access
point, the indicator sent by the access point
after a first short interframe space, SIFS,
after the frame, and
information indicating a data fetch time pe-
riod, an end of the data fetch time period
indicating a start time of a service period of
the access point.

9. The method of claim 8, wherein the frame includes
a fetch trigger frame.

10. The method of claim 8, wherein the frame includes
a Power Save Poll, PS-Poll, frame.

11. The method of claim 8, wherein the information in-
dicating the data fetch time period is included in an
acknowledgement received at the station from the
access point.

12. The method of claim 8, further comprising receiving
one or more data frames from the access point during
the service period.

13. The method of claim 12, wherein at least one of the
one or more data frames indicates an end of the serv-
ice period.

14. An apparatus comprising:

means for transmitting a frame from a station to
an access point, the frame indicating that the
station is to enter a power save mode; and
means for receiving at the station from the ac-
cess point, in response to transmitting the frame:

an indicator of whether traffic associated
with the station is buffered by the access
point, the indicator sent by the access point
after a first short interframe space, SIFS,
after the frame, and
information indicating a data fetch time pe-
riod, an end of the data fetch time period
indicating a start time of a service period of
the access point.

15. A computer program comprising instructions for car-
rying out a method according to any of claims 1 to 6
and 8 to 13 when executed by a computer.
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