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REDUCING POWER CONSUMPTION INA 
WRELESS COMMUNICATION SYSTEM 

CROSS-REFERENCES TO RELATED 
APPLICATION 

0001. This disclosure claims the benefit of the following 
U.S. Provisional Patent Applications: 
0002. Application No. 61/476,679, entitled “802.11 
Power Saving.” filed on Apr. 18, 2011; 
0003) Application No. 61/497,909, entitled “802.11 
Power Saving filed on Jun. 16, 2011; 
0004. Application No. 61/515,248, entitled “802.11 
Power Saving filed on Aug. 4, 2011; 
0005. Application No. 61/531,862, entitled “802.11 
Power Saving filed on Sep. 7, 2011; and 
0006. Application No. 61/564,795, entitled “802.11 
Power Saving.” filed on Nov. 29, 2011. 
0007. The disclosures of the above-identified applications 
are hereby incorporated by reference herein in their entireties. 
0008. Additionally, the present application is related to 
U.S. patent application Ser. No. (Attorney Docket 
No. MP4099), entitled “Reducing Power Consumption in a 
Wireless Communication System.” and U.S. patent applica 
tion Ser. No. (Attorney Docket No. MP4099.C2), 
entitled “Reducing Power Consumption in a Wireless Com 
munication System.” both filed on the same day as the present 
application, and which are hereby incorporated by reference 
herein in their entireties. 

FIELD OF TECHNOLOGY 

0009. The present disclosure relates generally to commu 
nication systems and, more particularly, to techniques for 
reducing power consumption by devices operating in a wire 
less communication system. 

BACKGROUND 

0010. The background description provided herein is for 
the purpose of generally presenting the context of the disclo 
sure. Work of the presently named inventors, to the extent it is 
described in this background section, as well as aspects of the 
description that may not otherwise qualify as prior art at the 
time offiling, are neither expressly nor impliedly admitted as 
prior art against the present disclosure. 
0011 Wireless local area network (WLAN) technology 
has evolved rapidly over the past decade. Development of 
WLAN standards such as the Institute for Electrical and Elec 
tronics Engineers (IEEE) 802.11a, 802.11b. 802.11g, and 
802.11n Standards has improved single-user peak data 
throughput. For example, the IEEE 802.11b Standard speci 
fies a single-user peak throughput of 11 megabits per second 
(Mbps), the IEEE 802.11a and 802.11g Standards specify a 
single-user peak throughput of 54 Mbps, and the IEEE 802. 
11n Standard specifies a single-user peak throughput of 600 
Mbps. A standard currently under development, IEEE 802. 
11ac, promises to provide even greater throughput. More 
recently, work has also begun on another new standard, IEEE 
802.11ah, that promises to provide greater range by operating 
in a lower, Sub-1 gigahertz (GHZ) frequency band. 
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0012. The IEEE 802.11 v Standard is related WLAN net 
work management, and describes techniques for managing a 
network with devices that enter and exit a low power mode. 

SUMMARY 

0013. In one embodiment, a method includes receiving, at 
a first wireless communication device, an indication that a 
network interface of a second wireless communication device 
is in a low power state in which the network interface is unable 
to receive signals transmitted by the first wireless communi 
cation device. The method also includes buffering, at the first 
wireless communication device, data for the second wireless 
communication device in response to receiving the indication 
that the network interface of the second wireless communi 
cation device is in a low power state. Additionally, the method 
includes, prior to receiving an indication that the network 
interface of the second wireless communication device is no 
longer in the low power state, receiving, at the first wireless 
communication device, a data unit from the second wireless 
communication device, wherein the data unit includes a 
request to transmit to the second wireless communication 
device data for the second wireless communication device 
that is buffered at the first wireless communication device. 
The method further includes determining, at the first wireless 
communication device, whether there is data for the second 
wireless communication device that is buffered at the first 
wireless communication device, and transmitting, with the 
first wireless communication device and to the second wire 
less communication device, responsive to the request, an 
indication of whether there is data for the second wireless 
communication device that is buffered at the first wireless 
communication device. Additionally, the method includes, 
when it is determined that there is data for the second wireless 
communication device that is buffered at the first wireless 
communication device, transmitting, with the first wireless 
communication device and to the second wireless communi 
cation device, data for the second wireless communication 
device that is buffered at the first wireless communication 
device. 
0014. In another embodiment, a first communication 
device for use in a wireless communication network com 
prises a network interface. The network interface is config 
ured to buffer data for a second wireless communication 
device in response to receiving an indication from the second 
wireless communication device that a network interface of 
the second wireless communication device is in a low power 
state in which the network interface is unable to receive 
signals transmitted by the first wireless communication 
device. Additionally, the network interface is configured to 
determine whether there is data for the second wireless com 
munication device that is buffered at the first wireless com 
munication device, and transmit to the second wireless com 
munication device, responsive to a data unit received from the 
second wireless communication device and prior to receiving 
an indication that the network interface of the second wireless 
communication device is no longer in the low power State, an 
indication of whether there is data for the second wireless 
communication device that is buffered at the first wireless 
communication device, wherein the data unit that includes a 
request to transmit to the second wireless communication 
device data for the second wireless communication device 
that is buffered at the first wireless communication device. 
Further, the network interface is configured to, when it is 
determined that there is data for the second wireless commu 
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nication device that is buffered at the first wireless commu 
nication device, transmit, to the second wireless communica 
tion device, data for the second wireless communication 
device that is buffered at the first wireless communication 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a block diagram of an example communi 
cation system that utilizes power saving techniques of the 
present disclosure, according to an embodiment. 
0016 FIG. 2 is a transmission timing diagram illustrating 
an example method in which a client station in a power save 
mode polls another device to determine whether the other 
device has downlink data buffered for the client station, 
according to an embodiment. 
0017 FIG.3 is another transmission timing diagram illus 
trating another example method in which a client station in a 
power save mode polls another device to determine whether 
the other device has downlink data buffered for the client 
station, according to an embodiment. 
0018 FIG. 4 is a flow diagram of an example method for 
determining whether one wireless device has downlink data 
buffered for the another wireless device, and, if the one wire 
less device has downlink data buffered for the other wireless 
device, obtaining downlink data from the one wireless device, 
according to an embodiment. 
0019 FIG. 5 is a flow diagram of an example method for 
responding to an inquiry from a first wireless device regard 
ing whether a second wireless device has downlink data buff 
ered for the first wireless device, and, if the second wireless 
device has downlink data buffered for the first wireless 
device, to transmit downlink data to the first wireless device, 
according to an embodiment. 
0020 FIG. 6 is a transmission timing diagram illustrating 
another example method in which one station in a power save 
mode polls another station to determine whether the other 
station has downlink data buffered for the one station, accord 
ing to an embodiment. 
0021 FIG. 7 is a flow diagram of an example method for 
responding to an inquiry from first wireless device regarding 
whether a second wireless device has multicast and/or broad 
cast data to be transmitted by the second wireless device, and, 
if the second wireless device has multicast/broadcast data to 
be transmitted, to transmit information regarding when the 
second wireless device will transmit multicast/broadcast 
data, according to an embodiment. 
0022 FIG. 8 is a flow diagram of an example method for 
determining whether a first wireless device has broadcast data 
and/or multicast data for a second wireless device, and if the 
first wireless device has broadcast data and/or multicast data 
for the second wireless device, obtaining information from 
the first wireless device to enable receiving the broadcast data 
and/or multicast data, according to an embodiment. 
0023 FIG. 9 is a flow diagram of an example method for 
facilitating coexistence of (i) low power and/or power-con 
strained sensor devices and (ii) devices transmitting cellular 
offload data in a wireless network, according to an embodi 
ment. 

0024 FIG.10 is a transmission timing diagram illustrating 
an example method in which a first station in a power save 
mode transmits to a second station a frame corresponding to 
a protocol above a second layer (e.g., above the MAC layer) 
in a protocol stack, according to an embodiment. 
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0025 FIG. 11 is a flow diagram of an example method for 
facilitating coexistence of (i) low power and/or power-con 
strained sensor devices and (ii) devices transmitting cellular 
offload data in a wireless network, according to an embodi 
ment. 

DETAILED DESCRIPTION 

0026. In some wireless communication networks, devices 
will enter a low power mode (also referred to as a power save 
mode) to reduce power consumption. A first device in Such a 
low power mode will power down at least some transceiver 
circuitry and thus is unable to receive or transmit data, in 
some embodiments. When the first device in the low power 
mode, a second device. Such as an access point (AP), buffers 
data intended for the first device. The first device may exit the 
low power mode from time to time (i) to determine whether 
the second device (e.g., the AP) has data for the first device, 
and/or (ii) to transmit data to the second device (or another 
device). At least in some instances, the amount of power 
required for the first device to reestablish communications 
periodically with the second device in order to check for 
buffered data may be significant over time. Embodiments of 
techniques (i) for reducing the amount of power required by a 
device to exit a low power mode and to reestablish commu 
nications in a network, and/or (ii) to facilitate remaining in the 
low power mode for longer time periods are described below. 
0027 FIG. 1 is a block diagram of an example communi 
cation system 10, according to an embodiment. The commu 
nication system 10 is a wireless local area network (WLAN), 
in an embodiment. In other embodiments, the communication 
system 10 is a wide area network (WAN), personal area 
network (PAN), or other type of communication system. An 
AP 14 in the system 10 includes a host processor 15 coupled 
to a network interface 16. The network interface 16 is coupled 
to a memory 17, and includes a medium access control 
(MAC) processing unit 18 and a physical layer (PHY) pro 
cessing unit 20. The PHY processing unit 20 includes a plu 
rality of transceivers 21, and the transceivers 21 are coupled to 
a plurality of antennas 24. Although three transceivers 21 and 
three antennas 24 are illustrated in FIG. 1, the AP 14 can 
include different numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 
21 and antennas 24 in other embodiments. 

0028. The communication system 10 also includes a plu 
rality of client stations 25. Although three client stations 25 
are illustrated in FIG. 1, the communication system 10 can 
include different numbers (e.g., 1, 2, 4, 5, 6, etc.) of client 
stations 25 in various scenarios and embodiments. 

0029. The client station 25-1 includes a host processor 26 
coupled to a network interface 27. The network interface 27 is 
coupled to a memory 28, and includes a MAC processing unit 
29 and a PHY processing unit 30. The PHY processing unit 30 
includes a plurality of transceivers 31, and the transceivers 31 
are coupled to a plurality of antennas 34. Although three 
transceivers 31 and three antennas 34 are illustrated in FIG. 1, 
the client station 25-1 can include different numbers (e.g., 1, 
2, 4, 5, etc.) of transceivers 31 and antennas 34 in other 
embodiments. In an embodiment, one or both of the client 
stations 25-2 and 25-3 is the same as or similar to the client 
station 25-1. 

0030. In various embodiments, the PHY processing unit 
20 of the AP14 is configured to generate data units conform 
ing to a communication protocol. The transceiver(s) 21 is/are 
configured to transmit the generated data units via the antenna 
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(s) 24. Similarly, the transceiver(s) 21 is/are configured to 
receive data units conforming to the communication protocol 
via the antenna(s) 24. 
0031. In various embodiments, the PHY processing unit 
30 of the client station 25-1 is configured to generate data 
units conforming to the communication protocol. The trans 
ceiver(s) 31 is/are configured to transmit the generated data 
units via the antenna(s) 34. Similarly, the transceiver(s) 31 
is/are configured to receive data units conforming to the com 
munication protocol via the antenna(s)34. 
0032. In some embodiments, at least one of the client 
stations 25 includes a sensor 40 coupled to the host processor 
26. Examples of sensors 40 utilized in various embodiments 
include a temperature sensor, a light sensor, a sound sensor, a 
motion detector, a pressure sensor, etc. In other embodiments, 
all of the client stations 25 omit the sensor 40. In one embodi 
ment, the client stations 25 include (i) a first set of one or more 
client stations 25 with sensors 40, and (ii) a second set of one 
or more client stations 25that omit sensors 40. A client station 
25 with a sensor 40 is sometimes referred to hereinas a sensor 
device. 

0033. In some embodiments, at least one of the client 
stations 25 includes a battery 40. The battery 40 is coupled to 
the network interface 27 and the network interface 27 is 
powered, at least in part, by the battery 40, in some embodi 
ments. In some embodiments, the host processor 26 is also 
coupled to and powered, at least in part, by the battery 40. In 
some embodiments in which the client device 25 includes a 
sensor 40, the sensor 40 is coupled to the battery 44 and the 
sensor is powered, at least in part, by the battery 44. In other 
embodiments, all of the client stations 25 omit the battery 44. 
In one embodiment, the client stations 25 include (i) a first set 
of one or more client stations 25 with batteries 44, and (ii) a 
second set of one or more client stations 25that omit batteries 
44. In some embodiments, the network interface 27 of the 
client station 25 goes into a low power mode (e.g., a power 
save mode) to conserve power and thus to preserve battery life 
of the batter 44. In some embodiments that omit the battery 
44, the network interface 27 of the client station 25 also goes 
into the power save mode to conserve power. 
0034. In an embodiment, a sensor device 25 is battery 
powered and configured to operate on a single battery charge 
for a long period of time (e.g., at least30days, at least 60 days, 
at least 100 days, at least one year, etc.). In Such embodi 
ments, the sensor device 25 is power-constrained and/or oper 
ates on very low power (as compared to a Smartphone or a 
laptop computer, for example). 
0035. When the network interface 27 of the client station 
25 is to go into the power save mode, the network interface 27 
generates and transmits a first notification to the AP 14 that 
indicates that the network interface 27 is entering the power 
save mode. When the network interface 27 of the client station 
25 exits the power save mode, in Some circumstances, the 
network interface 27 generates and transmits a second noti 
fication to the AP 14 that indicates that the network interface 
27 has exited the power save mode. While the network inter 
face 27 of the client station 25 is in the power save mode, from 
the standpoint of the AP 14 (e.g., after receiving the first 
notification that indicates that the network interface 27 is 
entering the power save mode and before receiving the second 
notification that indicates that the network interface 27 has 
exited the power save mode), the AP 14 will buffer data 
intended for transmission from the AP14 to the client station 
25. Additionally, while the network interface 27 of the client 

Oct. 18, 2012 

station 25 is in the power save mode, from the standpoint of 
the AP14, the AP14 will transmit to the client station 25 data 
buffered by the AP 14 only in response to requests from the 
client station 25, as will be described in more detail below, in 
Some embodiments. 

0036. In some embodiments, the network interface 16 of 
the AP 14 is configured to cause the AP 14 to transmit a 
beacon frame periodically. In some embodiments, the period 
between successive beacon frames is a set time period, 
referred to as a beacon period. The network interface 16 of the 
AP 14 generates the beacon frame to include information to 
facilitate synchronization of devices in the communication 
system 10. For example, in an embodiment, each beacon 
frame includes a time stamp corresponding to a clock of the 
network interface 16, and each client station 25 (e.g., network 
interface 27 of the client station 25) is configured to update a 
clock of the network interface 27 using the time stamp in the 
beacon frame. For instance, clock drift between clocks in the 
AP 14 and the clocks in the client stations 25 may occur, and 
the time stamps in the beacons are utilized to correct the 
clocks of the client stations 25 to mitigate the clock drift. 
0037 According to the current IEEE 802.11 Standard, 
each beacon frame includes information that indicates, for 
each client station 25 in the power save mode, whether the AP 
14 has buffered downlink data (i.e., data to be transmitted 
from the AP14 to the client station 25). Thus, according to the 
current IEEE 802.11 Standard, a client station 25 in the power 
save mode uses a clock of the network interface 27 of the 
client station 25 to estimate whena beacon will be transmitted 
by the AP14. The network interface 27 of the client station 25 
wakes up (e.g., exits the power save mode) at a time prior to 
when the beacon is estimated and listens for the beacon. The 
client station 25 analyzes the beacon to determine whether the 
AP 14 has buffered downlink data for the client station 25. If 
the client station 25 determines that the AP 14 has buffered 
downlink data for the client station 25, the client station 25 
transmits a data unit to the AP 14 requesting the AP 14 to 
transmit buffered downlink data to the client station 25. If the 
client station 25 determines that the AP 14 does not have 
buffered downlink data for the client station 25, the client 
station 25 reenters the power save mode and waits for the next 
beacon. 

0038. The network interface 27 of the client station 25 
exits the power save state earlier than an estimated time of the 
beacon because of clock drift between the clock of the net 
work interface 27 of the client station 25 and the clock of the 
network interface 16 of the AP14. For example, because the 
network interface 27 utilizes the clock of the network inter 
face 27 to estimate when a subsequent beacon will be trans 
mitted whereas the network interface 16 of the AP14 utilizes 
the clock of the network interface 16 to determine when to 
transmit the Subsequent beacon, and because the clock of the 
network interface 27 and the clock of the network interface 16 
are not exactly synchronized (e.g., there is clock drift), there 
will likely be an error between when the network interface 16 
transmits the beacon and when the network interface 27 esti 
mates the beacon will be transmitted. Additionally, this error 
will increase the farther into the future the beacon will occur. 
In other words, the longer the network interface 27 of the 
client station 25 is in a power save mode, the more clock drift 
between the clock of the network interface 27 and the clock of 
the network interface 16 of the AP 14 may occur, and thus the 
earlier, prior to an estimated time of a beacon transmission, 
the network interface 27 should exit the power save mode in 
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order to compensate for the possible clock drift error and to 
avoid missing the beacon. Thus, the network interface 27 
must wake up sufficiently early and consume power in order 
to make Sure that the beacon is not missed. 

0039 FIG. 2 is a transmission timing diagram illustrating 
an embodiment of a method in which a client station in a 
power save mode polls another device (e.g., an AP) to deter 
mine whether the other device has downlink data buffered for 
the client station. The timing diagram of FIG. 2 will be 
described with reference to FIG. 1 for ease of explanation. In 
other embodiments, however, a suitable system different than 
the system 10 of FIG.1 may utilize the method illustrated in 
FIG 2. 

0040. In FIG. 2, a client station 25 is in a power save mode 
and powers up at least a portion of the network interface 27 in 
order to communicate with the AP 14 to determine whether 
the AP14 has buffered downlink data for the client station 25. 
At a time 104, the network interface 27 is powered up and 
ready to transmit and receive. The network interface 27 scans 
the wireless medium for a minimum time period 108 in order 
to determine whether the medium is busy. If the medium is not 
busy at least for the minimum time period 108 (e.g., the 
network interface 27 does not detect any transmissions during 
the time period 108), the network interface 27 generates and 
transmits a data unit 112 that prompts the AP 14 to respond 
with an indication of whether the AP 14 has buffered down 
link data for the client station 25. The data unit 112 may be 
referred to as a trigger or a poll. In some embodiments, the 
data unit 112 includes uplink data (i.e., data to be transmitted 
from the client station 25 to the AP14) when the client station 
25 has uplink data to be transmitted. In an embodiment, the 
data unit 112 omits uplink data even when the client station 25 
has uplink data to be transmitted. 
0041. In response to the trigger 112, the AP 14 determines 
whether the AP 14 has buffered downlink data for the client 
station 25. Also in response to the trigger 112, the AP 14 
generates and transmits to the client station 25 an acknowl 
edgment data unit 116. In an embodiment, the acknowledg 
ment data unit 116 includes an indication (e.g., a pending data 
indication (PI)) of whether the AP 14 has buffered downlink 
data for the client station 25. In another embodiment, the 
acknowledgment to the trigger 112 does not include the PI. 
Rather, in an embodiment, a separate data unit transmitted 
after the acknowledgment to the trigger 112 includes the PI. 
In an embodiment, the separate data unit that includes the PI 
is transmitted after the acknowledgment to the trigger 112 and 
at least a certain time period (e.g., a point coordination func 
tion (PCF) interframe space (PIFS) duration, or another suit 
able time period) after the acknowledgment. 
0042. The network interface 27 of the client station 25 
analyzes the PI in the data unit 116, and determines whether 
the AP14 has buffered downlink data for the client station 25 
based on the analysis of the PI in the data unit 116. In response 
to determining that the AP 14 does not have buffered down 
link data for the client station 25, the network interface 27 
may power down at least partially (i.e., so that the network 
interface 27 cannot transmit or receive via the wireless 
medium) until some Subsequent time, in Some embodiments 
and/or scenarios (e.g., when the client station 25 does not 
have uplink data to be transmitted to the AP 14). FIG. 2, 
however, illustrates a scenario in which the AP 14 does have 
downlink data buffered for the client station 25. Thus, in 
response to determining that the AP 14 does have buffered 
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downlink data for the client station 25, the network interface 
27 remains powered up to wait to receive downlink data from 
the AP 14. 
0043. Because the AP 14 has downlink data buffered for 
the client station 25, the AP 14 generates and transmits to the 
client station a data unit 120 that includes downlink data for 
the client station 25. In an embodiment, the data unit 120 is 
transmitted after the acknowledgment data unit 116. In an 
embodiment, the AP 14 also determines whether the AP 14 
has additional buffered downlink data for the client station 25, 
and includes in the data unit 120 an indication (e.g., a PI) of 
whether the AP 14 has additional buffered downlink data for 
the client station 25. In another embodiment, the PI is not 
included in the data unit 120. 

0044. In an embodiment, and in a scenario in which the AP 
14 has downlink data buffered for the client station 25, the 
data unit that includes the PI and the data unit that includes 
downlink data are combined into a single data unit. For 
example, in an embodiment, the data unit 116 includes down 
link data and the data unit 120 is omitted (if, for example, 
there is not additional downlink data buffered at the AP14). 
0045. The network interface 27 of the client station 25 
receives and processes the data unit 120. In response to 
receiving the data unit 120, the network interface 27 generates 
and transmits to the AP14 an acknowledgment data unit 124. 
Additionally, in embodiments in which the data unit 120 
includes a PI, the network interface 27 analyzes the PI in the 
data unit 120 and determines whether the AP 14 has addi 
tional buffered downlink data for the client station 25 based 
on the analysis of the PI in the data unit 120. In response to 
determining that the AP 14 does not have buffered downlink 
data for the client station 25, the network interface 27 may 
power down at least partially (i.e., so that the network inter 
face 27 cannot transmit or receive via the wireless medium) at 
a time 128 and until some Subsequent time, in some embodi 
ments and/or scenarios (e.g., when the client station 25 does 
not have uplink data to be transmitted to the AP14). The time 
128 occurs after the transmission of the acknowledgment 
124, in an embodiment. 
0046. In a scenario in which the PI in the data unit 120 
indicates that the AP14 does have downlink data buffered for 
the client station 25, the network interface 27, in response to 
determining that the AP 14 does have buffered downlink data 
for the client station 25, remains powered up to wait to receive 
additional downlink data from the AP 14, according to an 
embodiment. In an embodiment, the AP 14 generates and 
transmits to the client station 25 an additional data unit (not 
shown) that includes downlink data for the client station 25, 
and the additional data unit is transmitted, not in response to 
a further explicit request from the client station 25, but in 
response to receiving the acknowledgment data unit 124. In 
an embodiment, the AP14 also determines whether the AP14 
has additional buffered downlink data for the client station 25, 
and includes in the additional data unit (not shown) an indi 
cation (e.g., a PI) of whether the AP14 has additional buffered 
downlink data for the client station 25. In another embodi 
ment, the PI is not included in the additional data unit. The AP 
14 transmits the additional data unit (not shown) is after 
receiving the acknowledgment data unit 124. 
0047. In another embodiment and/or in some scenarios, 
however, when the AP 14 has additional buffered downlink 
data for the client station 25, the AP14, does not transmit an 
additional data unit (as discussed above) in response to 
receiving the acknowledgment data unit 124. Rather, in an 
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embodiment, the AP14 waits to receive a further request from 
the client station 25 for the AP 14 to transmit buffered down 
link data to the client station 25. Thus, in an embodiment in 
which the data unit 120 includes a PI, the network interface 
27, in response to determining that the AP 14 has additional 
buffered downlink data for the client station 25 (based on 
analysis of the PI), the network interface 27 transmits a 
request (not shown) to the AP 14 for the AP 14 to transmit to 
the client station 25 buffered downlink data for the client 
station 25. In some embodiments and/or scenarios, the net 
work interface 27 remains powered up after transmitting the 
acknowledgment data unit 124 in order to transmit the 
request. In some embodiments and/or scenarios, the network 
interface 27 powers down at least partially after transmitting 
the acknowledgment data unit 124 and remains powered 
down for a time period before later powering up to transmit 
the request. 
0048 FIG.3 is another transmission timing diagram illus 
trating an embodiment of a method in which a client station in 
a power save mode polls another device (e.g., an AP) to 
determine whether the other device has downlink data buff 
ered for the client station. The timing diagram of FIG. 3 will 
be described with reference to FIG. 1 for ease of explanation. 
In other embodiments, however, a suitable system different 
than the system 10 of FIG. 1 may utilize the method illus 
trated in FIG. 3. 

0049. In FIG.3, a client station 25 is in a power save mode 
and powers up at least a portion of the network interface 27 in 
order to communicate with the AP 14 to determine whether 
the AP14 has buffered downlink data for the client station 25. 
At a time 154, the network interface 27 is powered up and 
ready to transmit and receive. The network interface 27 scans 
the wireless medium for a minimum time period in order to 
determine whether the medium is busy. In the scenario illus 
trated in FIG. 3, the network interface 27 detects that the 
medium is busy prior to the minimum time period expiring. In 
particular, the network interface 27 detects a transmission 
158. In response to detecting the transmission 158, the net 
work interface 27 powers down at least partially at a time 162. 
0050 Also in response to detecting the transmission 158, 
the network interface 27 determines when the network inter 
face 27 should power back up (e.g., determine a sleep time 
duration). In an embodiment, determining when the network 
interface 27 should power back up is based on a backoff time 
period. The backoff time period is randomly or pseudoran 
domly determined, in an embodiment. As used hereinafter, 
the phrases “randomly determining and “randomly deter 
mined a time period are encompass both randomly and pseu 
dorandomly determining the time period. In an embodiment, 
the backoff period is determined using techniques such as 
those described in the IEEE 802.11 Standard with regard to 
the enhanced distributed channel access (EDCA) mecha 
nism. In other embodiments, other Suitable techniques for 
determining the backoff period are utilized. In an embodi 
ment, determining when the network interface 27 should 
powerback includes determining a length of the transmission 
158. For example, as will be described in more detail below, 
the network interface 27 may utilize information in the trans 
mission 158 to determine the length of the transmission 158. 
Additionally, determining when the network interface 27 
should power back includes determining other associated 
time periods associated with the transmission 158, such as a 
time period for another device to transmit an acknowledg 
ment data unit for the transmission 158. 
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0051. In the example of FIG. 3, the network interface 27 
powers up at time 166. The remaining activity illustrated in 
FIG. 3 is the same as or similar to the activity discussed with 
respect to FIG. 2. 
0052. If the medium is not busy at least for the minimum 
time period 108 (i.e., the network interface 27 does not detect 
any transmissions during the time period 108), the network 
interface 27 generates and transmits a data unit 112 that 
prompts the AP 14 to respond with an indication of whether 
the AP14 has buffered downlink data for the client station 25. 
The data unit 112 may be referred to as a trigger or a poll. In 
Some embodiments, the data unit 112 includes uplink data 
(i.e., data to be transmitted from the client station 25 to the AP 
14) when the client station 25 has uplink data to be transmit 
ted. In an embodiment, the data unit 112 omits uplink data 
even when the client station 25 has uplink data to be trans 
mitted. 

0053 Referring now to FIGS. 2 and 3, in some embodi 
ments and/or scenarios, the network interface 27 transmits the 
data unit 112 without first knowing whether the whether the 
AP 14 has buffered downlink data for the client station 25. In 
other words, in Some embodiments and/or scenarios, prior to 
the time at which the data unit 112 is transmitted, the network 
interface 27 does not have knowledge that the AP 14 has 
downlink data buffered for the client station 25. Thus, in some 
embodiments and/or scenarios, the network interface 27 uti 
lizes the data unit 112 to prompt the AP 14 to report to the 
client station 25 whether the AP 14 has buffered downlink 
data for the client station 25 so that the network interface 27 
can ascertain whether the AP 14 has downlink data buffered 
for the client station 25. In some embodiments and/or sce 
narios, the network interface 27 need not first receive and 
analyze a beacon data unit to determine whether the AP14 has 
downlink data buffered for the client station 25. 

0054. In some embodiments, the network interface 27 per 
forms a method as generally illustrated in FIGS. 2 and/or 3 
periodically when the network interface 27 is in the power 
save mode. For example, in an embodiment, the network 
interface 27 attempts to transmit a data unit such as the data 
unit 112 to the AP 14 periodically when the network interface 
27 is in the power save mode. In another embodiment, the 
network interface 27 performs a method as generally illus 
trated in FIGS. 2 and/or 3 when the network interface 27 is in 
the power save mode and when the client station 25 has uplink 
data to transmit to the AP14. For example, in an embodiment, 
the network interface 27 attempts to transmit a data unit such 
as the data unit 112 to the AP 14 when the network interface 
27 is in the power save mode and when the client station 25 
has uplink data to transmit to the AP14. In another embodi 
ment, the network interface 27 performs a method as gener 
ally illustrated in FIGS. 2 and/or 3 periodically and/or when 
the network interface 27 is in the power save mode and when 
the client station 25 has uplink data to transmit to the AP14. 
For example, in an embodiment, the network interface 27 
attempts to transmit a data unit such as the data unit 112 to the 
AP 14 when the network interface 27 is in the power save 
mode and when the client station 25 has uplink data to trans 
mit to the AP 14. On the other hand, when the network 
interface 27 is in the power save mode but the client station 25 
does not have uplink data to transmit to the AP14, the network 
interface 27 attempts to transmit a data unit such as the data 
unit 112 to the AP 14 periodically. 
0055 FIG. 4 is a flow diagram of an example method 200, 
implemented by a first wireless device (e.g., a client station 
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25) in a power save mode, for determining whether a second 
wireless device (e.g., the AP14) has downlink data buffered 
for the first wireless device, and, if the second wireless device 
has downlink data buffered for the first wireless device, 
obtaining downlink data from the second wireless device. 
FIG. 4 will be described with reference to FIGS 1-3 for ease 
of explanation. In other embodiments, however, a suitable 
system different than the system 10 of FIG.1 may utilize the 
method 200. In some embodiments, the first device is a client 
station and the second device is an AP, and the method 200 
will described in this context for ease of explanation. In other 
embodiments, however, both the first device and the second 
device are client stations (e.g., in an ad-hoc network). 
0056. At block 204, a network interface of the first device 
(e.g., the network interface 27 of the client station 25) powers 
up so that the network interface 27 is ready to transmit and 
receive. At block 208, the network interface 27 determines 
whether a wireless communication channel is busy. For 
example, in an embodiment, the network interface 27 scans 
the wireless communication channel for a minimum time 
period in order to determine whether the wireless communi 
cation channel is busy. 
0057. In an embodiment, determining whether the wire 
less communication channel is busy at block 208 includes 
using techniques such as those described in the IEEE 802.11 
Standard with regard to the enhanced distributed channel 
access (EDCA) mechanism. In other embodiments, other 
suitable techniques for determining whether the wireless 
communication channel is busy at block 208 are utilized. 
0058. In an embodiment, block 208 includes (i) perform 
ing a signal detection process during a first period, and (ii) a 
contention backoff period starting when it is determined that 
the channel is idle. The signal detection process includes (a) 
detecting a start of a transmission and/or (b) detecting an 
ongoing transmission, in some embodiments. Detecting a 
start of a transmission includes performing preamble detec 
tion, in an embodiment. Detecting a start of a transmission 
includes detecting a change in signal energy, in an embodi 
ment. Detecting an ongoing transmission includes perform 
ing guard interval (GI) detection, in an embodiment in which 
the wireless communication system utilizes orthogonal fre 
quency division multiplexing (OFDM) modulation. Detect 
ing an ongoing transmission includes signal energy detection, 
in an embodiment. In some embodiments in which the net 
work interface 27 is not capable of GI detection, the signal 
detection process includes at least one of (i) waiting at least a 
minimum time period related to a frame transmission period, 
Such as a typical frame transmission period or a maximum 
frame transmission period, or (ii) waiting until detecting a 
preamble to help prevent interference with a transmission that 
cannot be detected by an energy detection method, in an 
embodiment. 

0059. In an embodiment, the contention backoff period is 
determined using techniques such as those described in the 
IEEE 802.11 Standard with regard to the enhanced distrib 
uted channel access (EDCA) mechanism. In other embodi 
ments, other Suitable techniques for determining the conten 
tion backoff period are utilized. 
0060. If it is determined that the wireless communication 
channel is busy, the flow proceeds to block 212, at which the 
network interface 27 determines a time period for the network 
interface 27 to remain powered down. In an embodiment, 
determining time period for the network interface 27 to 
remain powered down includes determining and/or utilizing a 
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backoff time period that is at least a portion of the time period 
for the network interface 27 to remain powered down. Deter 
mining the backoff time period includes randomly determin 
ing a time period that is at least a portion of the backoff time 
period, in an embodiment. In an embodiment, determining 
the backoff period utilizes techniques such as those described 
in the IEEE 802.11 Standard with regard to the enhanced 
distributed channel access (EDCA) mechanism. In other 
embodiments, other suitable techniques for determining the 
backoff period are utilized. 
0061. In an embodiment, determining the time period for 
the network interface 27 to remain powered down includes 
determining a length of a detected transmission (e.g., the 
transmission 158 of FIG. 3). For example, the network inter 
face 27 may utilize information in the detected transmission 
to determine the length of the detected transmission. In an 
embodiment, the network interface 27 may utilize informa 
tion in a preamble of a data unit to determine a duration of 
occupation of the channel associated with the data unit. In an 
embodiment, the network interface 27 may utilize informa 
tion in a delimiter of a header of a data unit to determine a 
duration of occupation of the channel associated with the data 
unit. In an embodiment, the network interface 27 may utilize 
information in a MAC header of a data unit to determine a 
duration of occupation of the channel associated with the data 
unit. In an embodiment, the network interface 27 may utilize 
information in at least two of (i) preamble of the data unit, (ii) 
a delimiter of a header of the data unit, and (iii) a MAC header 
of the data unit, to determine a duration of occupation of the 
channel associated with the data unit. Additionally, determin 
ing the time period for the network interface 27 to remain 
powered down includes determining other associated time 
periods associated with the detected transmission, such as a 
time period for another device to transmit an acknowledg 
ment data unit for the transmission 158. 

0062. At block 216, the network interface 27 powers down 
for the time period determined at block 216. After the time 
period determined at block 216, the network device powers 
up at block 204. 
0063. In some embodiments, blocks 212 and 216 are omit 
ted. In these embodiments, if it is determined at block 208 that 
the wireless communication channel is busy, the network 
interface remains powered up and repeatedly checks whether 
the wireless communication channel is busy, for example. 
0064. If, on the other hand, it is determined at block 208 
that the wireless communication channel is not busy, the flow 
proceeds to block 220. At block 220, the network interface 27 
generates and transmits a data unit that prompts the AP 14 to 
respond with an indication of whether the AP 14 has buffered 
downlink data for the client station 25. In some embodiments, 
the data unit includes uplink data (i.e., data to be transmitted 
from the client station 25 to the AP14) when the client station 
25 has uplink data to be transmitted. In an embodiment, the 
data unit omits uplink data even when the client station 25 has 
uplink data to be transmitted. Referring to FIGS. 2 and 3, the 
data unit transmitted at block 220 is the data unit 112, in an 
embodiment. 

0065. At block 224, the network interface 27 receives and 
processes a data unit transmitted by the AP 14 in response to 
the data unit transmitted by the network interface 27 at block 
220. The data unit received at block 224 includes an indica 
tion (e.g., a pending data indication (PI)) of whether the AP14 
has buffered downlink data for the client station 25. Referring 
to FIGS. 2 and 3, the data unit received at block 224 is the 
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acknowledgment data unit 116, in an embodiment. In another 
embodiment, the data unit received at block 224 is a separate 
data unit from an acknowledgement data unit that acknowl 
edges the data unit transmitted at block 220. 
0066. The network interface 27 of the client station 25 
analyzes the PI in the data unit received at block 224, and 
determines whether the AP14 has buffered downlink data for 
the client station 25 based on the analysis of the PI in the data 
unit received at block 224. If it is determined that the AP 14 
does not have buffered downlink data for the client station 25, 
the flow proceeds to block 232, at which the network interface 
27 powers down at least partially (i.e., so that the network 
interface 27 cannot transmit or receive via the wireless 
medium) until some Subsequent time, in Some embodiments 
and/or scenarios (e.g., when the client station 25 does not 
have uplink data to be transmitted to the AP14). 
0067. On the other hand, if it is determined at block 228 
that the AP14 does have buffered downlink data for the client 
station 25, the flow proceeds to block 236. At block 236, the 
network interface 27 receives buffered downlink data from 
the AP14. At block 240, the network interface 27 generates 
and transmits an acknowledgment data unit in response to 
receiving the buffered downlink data at block 236. The flow 
then proceeds to block 232, in an embodiment. In other 
embodiments, the network interface 27 remains powered up 
to receive additional buffered downlink data from the AP 14 
when the AP 14 indicates (e.g., using a PI in a data unit that 
carries buffered downlink data at block 236) that the AP 14 
has additional buffered downlink data to transmit to the client 
25. 

0068. In an embodiment, downlink data received at block 
236 is included in the data unit received at block 224. In 
another embodiment, downlink data received at block 236 is 
included in a data unit separate from the data unit received at 
block 224. For example, the separate data unit is transmitted 
a certain time period (e.g., PIFS specified in the IEEE 802.11 
Standard, or another suitable time period) after the data unit 
received at block 224. 

0069. In some embodiments and/or scenarios, the network 
interface of the first device transmits the data unit of block 220 
without first knowing whether the whether the second device 
has buffered downlink data for the client station 25. In other 
words, in Some embodiments and/or scenarios, prior to the 
time at which the data unit of block 220 is transmitted, the 
network interface of the first device does not have knowledge 
that the second device has downlink data buffered for the first 
device. Thus, in Some embodiments and/or scenarios, the 
network interface of the first device utilizes the data unit of 
block 220 to prompt the second device to report to the first 
device whether the second device has buffered downlink data 
for the first device so that the network interface of the first 
device can ascertain whether the second device has downlink 
data buffered for the first device. In some embodiments and/ 
or scenarios, the network interface of the first device need not 
first receive and analyze a beacon data unit transmitted by the 
second device to determine whether the second device has 
data buffered for the first device. 

0070. In some embodiments, a network interface of the 
first device (e.g., the network interface 27) performs the 
method 200 (or a similar method) periodically when the net 
work interface is in the power save mode. For example, in an 
embodiment, the network interface of the first device 
attempts to transmit a data unit such as the data unit 112 to the 
second device periodically when the network interface of the 
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first device is in the power save mode. In another embodi 
ment, the network interface of the first device performs the 
method 200 (or a similar method) when the network interface 
27 is in the power save mode and when the first device has 
uplink data to transmit to the second device. For example, in 
an embodiment, the network interface of the first device 
attempts to transmit a data unit such as the data unit 112 to the 
second device when the network interface of the first device is 
in the power save mode and when the first device has uplink 
data to transmit to the second device. In another embodiment, 
the network interface of the first device the method 200 (or a 
similar method) periodically and/or when the network inter 
face of the first device is in the power save mode and when the 
first device has uplink data to transmit to the second device. 
For example, in an embodiment, the network interface of the 
first device attempts to transmit a data unit Such as the data 
unit 112 to the second device when the network interface of 
the first device is in the power save mode and when the first 
device has uplink data to transmit to the second device. On the 
other hand, when the network interface of the first device is in 
the power save mode but the first device does not have uplink 
data to transmit to the second device, the network interface of 
the first device attempts to transmit a data unit Such as the data 
unit 112 to the second device periodically. 
(0071 FIG. 5 is a flow diagram of an example method 300, 
implemented by a first wireless device (e.g., the AP14), for 
responding to an inquiry from a second wireless device (e.g., 
a client station 25) regarding whether the first wireless device 
has downlink data buffered for the second wireless device, 
and, if the first wireless device has downlink data buffered for 
the first wireless device, to transmit downlink data to the 
second wireless device. FIG. 5 will be described with refer 
ence to FIGS. 1-3 for ease of explanation. In other embodi 
ments, however, a suitable system different than the system 
10 of FIG. 1 may utilize the method 300. In some embodi 
ments, the first device is an AP and the second device is a 
client station, and the method 300 will described in this con 
text for ease of explanation. In other embodiments, however, 
both the first wireless device and the second wireless device 
are client stations (e.g., in an ad-hoc network). 
0072 At block 304, the network interface 16 of the AP 14 
receives and processes a data unit from the client station 25 
that requests the AP 14 to transmit to the client station 25 an 
indication of whether the AP 14 has buffered downlink data 
for the client station 25. In some embodiments, the data unit 
received at block 304 includes uplink data (i.e., data trans 
mitted by the client station 25 to the AP14). In an embodi 
ment, the data unit received at block 304 omits uplink data. 
Referring to FIGS. 2 and 3, the data unit received at block 304 
is the data unit 112, in an embodiment. 
0073. At block 308, it is determined whether the AP14 has 
buffered downlink data for the client station 25. In an embodi 
ment, the determination at block 308 is performed in response 
to the data unit received at block 304. In another embodiment, 
the determination at block 308 is performed prior to receiving 
the data unit at block 304. For example, the determination is 
performed prior to receiving the data unit at block 304 and an 
indication of the determination is stored in a memory of the 
AP 14. In an embodiment, block 308 is performed by the 
network interface 16. In another embodiment, block 308 is 
performed by the host processor 15. In an embodiment, block 
308 is performed by the network interface 16 and the host 
processor 15. 
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0074 At block 312, the network interface 16 of the AP 14 
generates and transmits to the client 25 a data unit in response 
to the data unit received from the client 25 at block 304. The 
data unit generated at block 312 includes an indication (e.g., 
a pending data indication (PI)) of whether the AP 14 has 
buffered downlink data for the client station 25. Referring to 
FIGS. 2 and 3, the data unit generated and transmitted at block 
312 is the acknowledgment data unit 116, in an embodiment. 
In another embodiment, the network interface 16 generates 
and transmits an acknowledgment data unit that acknowl 
edges the data unit received from the client at block 304, 
where the acknowledgment data unit does not include the PI. 
Rather, in an embodiment, the network interface 16 generates 
and transmits a data unit separate from (and transmitted after) 
the acknowledgment data unit that acknowledges the data 
unit received at block 304, where the separate data unit 
includes the PI. 

0075. At block 316, the network interface 16 of the AP 14 
determines whether to transmit buffered downlink data to the 
client device 25. For example, if it was determined at block 
308 that there is no data buffered for the client device 25, the 
flow ends. On the other hand, if it was determined that there is 
data buffered for the client device 25, the network interface 16 
of the AP 14, at block 320, generates and transmits to the 
client device 25 a data unit that includes downlink data buff 
ered by the AP 14. 
0076. In an embodiment, downlink data transmitted at 
block 320 is included in the data unit transmitted at block312. 
In another embodiment, downlink data transmitted at block 
320 is included in a data unit separate from the data unit 
transmitted at block 312. For example, the separate data unit 
is transmitted a certain time period (e.g., PIFS specified in the 
IEEE 802.11 Standard, or another suitable time period) after 
the data unit transmitted at block 312. Referring to FIGS. 2 
and 3, the data unit generated and transmitted at block 320 is 
the data unit 120, in an embodiment. 
0077. In an embodiment, it is determined if there will be 
additional downlink data buffered for the client device 25 at 
the AP 14 after transmission of the data unit at block 320. In 
an embodiment, if it determined that there will be additional 
downlink data buffered for the client device 25, the data unit 
is generated at block 320 to include an indication (e.g., a 
pending data indication (PI)) of whether the AP 14 has addi 
tional buffered downlink data for the client station 25. In an 
embodiment, the determination if there will be additional 
buffered downlink data is performed by the network interface 
16. In another embodiment, the determination if there will be 
additional buffered downlink data is performed by the host 
processor 15. In an embodiment, the determination if there 
will be additional buffered downlink data is performed by the 
network interface 16 and the host processor 15. 
0078. In an embodiment, if there is additional buffered 
data for the client device 25, the network interface 16 of the 
AP 14 generates and transmits to the client device 25 one or 
more further data units that include downlink data buffered by 
the AP 14 without further prompting by the client device 25. 
In another embodiment, if there is additional buffered data for 
the client device 25, the network interface 16 of the AP 14 
generates and transmits to the client device 25 one or more 
further data units that include downlink data buffered by the 
AP 14 in response to further prompts by the client device 25. 
0079 Referring to blocks 308 and 312 of FIG. 5, in an 
embodiment, the data unit that includes the indication of 
whether the AP 14 has buffered downlink data for the client 

Oct. 18, 2012 

station 25 includes indications of whether the AP 14 has 
buffered downlink data for a plurality of client stations 25 in 
a basic service set (BSS) associated with the AP 14. For 
example, the data unit may include a bitmap, where different 
bits in the bitmap correspond to different client stations 25 in 
the BSS, in an embodiment. A first value of a bit (e.g., logic 
Zero) indicates that the AP 14 does not have buffered down 
link data for the client station corresponding to the bit, 
whereas a second value of the bit (e.g., logic one) indicates 
that the AP14 does have buffered downlink data for the client 
station corresponding to the bit. In some embodiments, the 
data unit includes an information element the same as or 
similar to the traffic indication map (TIM) element defined in 
the IEEE 802.11 Standard. In an embodiment, the data unit 
includes, in addition to information the same as or similar to 
information in the TIM element defined in the IEEE 802.11 
Standard, at least one of (i) multicast/broadcast timing infor 
mation, (ii) a timestamp, and (iii) update information for the 
BSS. In various embodiments, the data unit includes, in addi 
tion to information the same as or similar to information in the 
TIM element defined in the IEEE 802.11 Standard, only one 
of (i) multicast/broadcast timing information, (ii) a times 
tamp, or (iii) update information for the BSS. In various 
embodiments, the data unit includes, in addition to informa 
tion the same as or similar to information in the TIM element 
defined in the IEEE 802.11 Standard, only two of (i) multi 
cast/broadcast timing information, (ii) a timestamp, and (iii) 
update information for the BSS. In an embodiment, the data 
unit includes, in addition to information the same as or similar 
to information in the TIM element defined in the IEEE 802.11 
Standard, (i) multicast/broadcast timing information, (ii) a 
timestamp indicating a clock value of the AP14 when the data 
unit was transmitted, and (iii) update information for the BSS. 
0080. In an embodiment, the multicast/broadcast timing 
information includes included in the data unit (i) information 
that indicates whether the AP 14 has broadcast and/or multi 
cast information to transmit for the polling client station 25, 
and/or (ii) information to enable the polling client station 25 
to determine when the AP 14 will transmit broadcast and/or 
multicast data units for the client station 25. In some embodi 
ments, the multicast/broadcast timing information includes 
one or more of (i) a count value that indicates how many 
beacon frames appear before a next delivery traffic indication 
message (DTIM), (ii) a DTIM period value that indicates the 
number of beacon intervals between successive DTIMs, (iii) 
one or more flexible multicast service (FMS) counters that 
each indicate how many DTIM beacons until the AP 14 
transmits multicast data corresponding to an FMS stream, 
(iii) an indication of when the AP 14 will next transmit broad 
cast and/or multicast data (e.g., in turns of a number of bea 
cons (e.g., a beacon count), a timing synchronization function 
(TSF) timer value, an offset from a current time, etc.) for the 
client station 25. 

I0081. In some embodiments, the update information for 
the BSS includes changes, or indications of change, to param 
eters for communication within the BSS. In an embodiment, 
the update information for the BSS includes operation mode 
changes for the BSS. 
0082 In an embodiment that utilizes an information ele 
ment similar to the TIM defined in the IEEE 802.11 Standard, 
the AP 14 compares an identifier of the client station 25 (e.g., 
an association identifier (AID)) with a parameters N1 and N2 
associated with the TIM, where N1 is the largest even number 
such that bits numbered 1 through (N1 x8)-1 in a bitmap 
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(which indicates which client stations 25 have buffered down 
link data and for which different bits correspond to different 
client stations 25) are all 0 and N2 is the smallest number such 
that bits numbered (N2+1)x8 through 2007 in the bitmap are 
all 0. In particular, the AP 14 compares the AID of the client 
station 25 with N1*8-1} and {(N2+1)*8 to determine 
whether the AID falls into the virtual partial bitmap (VPB) of 
the TIM element. If it is determined that the AID is greater 
than or equal to N1*8-1} andless than {(N2+1)*8}, the data 
unit of block 312 is generated to include the VPB in the data 
unit of block 312. On the other hand, if it is determined that 
the AID is less than {N1*8-1} or greater than or equal to 
{(N2+1)*8}, the data unit of block312 is generated to (i) omit 
the VPB in the data unit of block 312, (ii) the Partial Virtual 
Bitmap field is encoded as a single octet equal to 0, a Bitmap 
Offset subfield is encoded as 0, and a Length field is encoded 
as 4, and/or (iii) a field is included to indicate that there is no 
data buffered for the client station 25. 

0083. In another embodiment, if it is determined that the 
AID is greater than or equal to N1*8-1} and less than 
{(N2+1)*8}, the network interface 16 further checks a 
smaller region within the VPB that contains the AID bit. If a 
value of the smaller region is zero (i.e., none of the bits in the 
region is “1”), the data unit of block 312 is generated to (i) 
omit the VPB in the data unit of block 312, or (ii) the Partial 
Virtual Bitmap field is encoded as a single octet equal to 0, a 
Bitmap Offset subfield is encoded as 0, and a Length field is 
encoded as 4. Otherwise, if the value of the smaller region is 
not zero, the data unit of block 312 is generated to include 
only the smaller region as the VPB in the TIM. 
0084. In another embodiment, if it is determined that the 
AID is greater than or equal to N1*8-1} and less than 
{(N2+1)*8}, the network interface 16 checks the bit within 
the VPB that corresponds to the AID bit to determine whether 
the AP 14 has buffered data for the client station 25. Addi 
tionally, the data unit of block 312 is generated to include a 
flag that indicates whether the AP 14 has downlink data 
buffered for the client Station 25. 

0085. In some embodiments, an information element the 
same as or similar to the TIM defined in the IEEE 802.11 
Standard is prepared prior to receiving the data unit of block 
304 and stored in a memory of or accessible by the network 
interface 16 of the AP14. In such embodiments, the network 
interface 16 of the AP 14 able to retrieve the information 
element from the memory in order to respond quickly to the 
data unit received at block 304. As discussed above, in some 
embodiments, the AP14 transmits a data unit that includes the 
information element and one or more of (i) multicast/broad 
cast timing information, (ii) a timestamp, and (iii) update 
information for the BSS. 
I0086 FIG. 6 is a transmission timing diagram illustrating 
another embodiment of a method in which a client station in 
a power save mode polls another device (e.g., an AP) to 
determine whether the other device has downlink data buff 
ered for the client station. The timing diagram of FIG. 6 will 
be described with reference to FIG. 1 for ease of explanation. 
In other embodiments, however, a suitable system different 
than the system 10 of FIG. 1 may utilize the method illus 
trated in FIG. 6. 

0087. In FIG. 6, a client station 25 is in a power save mode 
and powers up at least a portion of the network interface 27 in 
order to communicate with the AP 14 to determine whether 
the AP14 has buffered downlink data for the client station 25. 
At a time 404, the network interface 27 is powered up and 
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ready to transmit and receive. The network interface 27 scans 
the wireless medium for a minimum time period in order to 
determine whether the medium is busy, as discussed above. If 
the medium is not busy at least for the minimum time period, 
the network interface 27 generates and transmits a data unit 
408 that prompts the AP 14 to respond with an indication of 
whether the AP 14 has buffered downlink data for the client 
station 25. The data unit 408 may be referred to as a trigger or 
a poll. In some embodiments, the data unit 408 includes 
uplink data (i.e., data to be transmitted from the client station 
25 to the AP14) when the client station 25 has uplink data to 
be transmitted. In an embodiment, the data unit 408 omits 
uplink data even when the client station 25 has uplink data to 
be transmitted. 

I0088. In response to the trigger 408, the AP 14 determines 
whether the AP 14 has buffered downlink data for the client 
station 25. Also in response to the trigger 408, the AP 14 
generates and transmits to the client station 25 an acknowl 
edgment data unit 412. In an embodiment, the acknowledg 
ment data unit 412 includes an indication (e.g., a pending data 
indication (PI)) of whether the AP 14 has buffered downlink 
data for the client station 25. In another embodiment, the 
acknowledgment to the trigger 408 does not include the PI. 
Rather, in an embodiment, a separate data unit transmitted 
after the acknowledgment to the trigger 408 includes the PI. 
In an embodiment, the separate data unit that includes the PI 
is transmitted after the acknowledgment to the trigger 408 and 
at least a certain time period (e.g., a point coordination func 
tion (PCF) interframe space (PIFS) duration, or another suit 
able time period. 
0089. In an embodiment, when the AP 14 has downlink 
data buffered for the client station 25, the data unit 412 also 
includes an indication of a delay time after which the AP 14 
will transmit downlink data to the client station 25. For 
example, it may take the AP 14 Some time to process the 
trigger 408 and/or to prepare for a transmission of downlink 
data to the client station 25. Thus, the AP 14 includes the 
indication of the delay time to facilitate powering down the 
network interface 27 of the client station 25 during the delay. 
In an embodiment, the delay time corresponds to a minimum 
time before which the network interface 27 of the client 
station 25 should not poll the AP 14 for buffered downlink 
data. In another embodiment, the delay time corresponds to a 
time of transmission of a next beacon frame. In an embodi 
ment, the network interface 16 of the AP 14 is configured to 
determine the delay time. In another embodiment, the host 
processor 15 is configured to determine the delay time. 
0090. The network interface 27 of the client station 25 
analyzes the PI in the data unit 412, and determines whether 
the AP14 has buffered downlink data for the client station 25 
based on the analysis of the PI in the data unit 116. In response 
to determining that the AP 14 does not have buffered down 
link data for the client station 25, the network interface 27 
may power down at least partially (i.e., so that the network 
interface 27 cannot transmit or receive via the wireless 
medium) until Some Subsequent time, in some embodiments 
and/or scenarios (e.g., when the client station 25 does not 
have uplink data to be transmitted to the AP 14). FIG. 6, 
however, illustrates a scenario in which the AP 14 does have 
downlink data buffered for the client station 25. 

0091. The network interface 27 of the client station 25 also 
analyzes the indication of the delay time in the data unit 412 
to determine a time period for the network interface 27 to 
power down. Then, the network interface 27 powers down at 
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least partially at a time 416. The time 416 occurs after the end 
of the transmission of the data unit 412, in an embodiment. 
0092. The network interface 27 powers back up at a time 
420, which is determined based on the indication of the delay 
time in the data unit 412. Subsequently, the network interface 
27 generates and transmits a data unit 424 that prompts the AP 
14 to transmit buffered downlink data for the client station 25. 
The data unit 424 may be referred to as a trigger or a poll. In 
Some embodiments, the data unit 424 includes uplink data 
(i.e., data to be transmitted from the client station 25 to the AP 
14) when the client station 25 has uplink data to be transmit 
ted. In an embodiment, the data unit 424 omits uplink data 
even when the client station 25 has uplink data to be trans 
mitted. In some embodiments, the data unit 424 is transmitted 
only after determining that the medium is not busy at least for 
the minimum time period. 
0093. In response to the trigger 424, the AP 14 generates 
and transmits to the client station a data unit 428 that includes 
downlink data for the client station 25. In an embodiment, the 
AP 14 also determines whether the AP 14 has additional 
buffered downlink data for the client station 25, and includes 
in the data unit 428 an indication (e.g., a PI) of whether the AP 
14 has additional buffered downlink data for the client station 
25. In another embodiment, the PI is not included in the data 
unit 428. 
0094. The network interface 27 of the client station 25 
receives and processes the data unit 428. In embodiments in 
which the data unit 428 includes a PI, the network interface 27 
analyzes the PI in the data unit 428 and determines whether 
the AP14 has additional buffered downlink data for the client 
station 25 based on the analysis of the PI in the data unit 428. 
In response to determining that the AP 14 does not have 
buffered downlink data for the client station 25, the network 
interface 27 may power down at least partially (i.e., so that the 
network interface 27 cannot transmit or receive via the wire 
less medium) at a time 432 and until Some Subsequent time, in 
Some embodiments and/or scenarios (e.g., when the client 
station 25 does not have uplink data to be transmitted to the 
AP14). 
0095. In some embodiments, the network interface gener 
ates and transmits an acknowledgment (not shown) in 
response to receiving the data unit 428. 
0096. In a scenario in which the PI in the data unit 428 
indicates that the AP 14 does have additional downlink data 
buffered for the client station 25, the network interface 27, in 
response to determining that the AP 14 does have buffered 
downlink data for the client station 25, remains powered up to 
wait to receive additional downlink data from the AP 14, 
according to an embodiment. In an embodiment, the AP 14 
generates and transmits to the client station 25 an additional 
data unit (not shown) that includes downlink data for the 
client station 25, and the additional data unit is transmitted, 
not in response to a further explicit request from the client 
station 25, but in response to receiving an acknowledgment of 
the data unit 428. 

0097. In another embodiment and/or in some scenarios, 
however, the AP 14, when the AP 14 has additional buffered 
downlink data for the client station 25, does not transmit an 
additional data unit (as discussed above) in response to 
receiving an acknowledgment of the data unit 428. Rather, in 
an embodiment, the AP 14 waits to receive a further request 
from the client station 25 for the AP 14 to transmit buffered 
downlink data to the client station 25. Thus, in an embodi 
ment in which the data unit 428 includes a PI, the network 
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interface 27, in response to determining that the AP 14 has 
additional buffered downlink data for the client station 25 
(based on analysis of the PI), the network interface 27 trans 
mits a request (not shown) to the AP 14 for the AP 14 to 
transmit to the client station 25 buffered downlink data for the 
client station 25. In some embodiments and/or scenarios, the 
network interface 27 remains powered up after transmitting 
an acknowledgment of the data unit 428 in order to transmit 
the request. In some embodiments and/or scenarios, the net 
work interface 27 powers down at least partially after trans 
mitting an acknowledgment of the data unit 428 and remains 
powered down for a time period before later powering up to 
transmit the request. 
0098. In another embodiment, the AP 14, in response to 
the trigger frame 408, schedules transmission of downlink 
data to the client station 25 at a later time. In an embodiment, 
the network interface 16 of the AP 14 is configured to deter 
mine a schedule for transmitting downlink data to the client 
station 25. In another embodiment, the host processor 15 of 
the AP14 is configured to determine a schedule for transmit 
ting downlink data to the client station 25. Scheduling trans 
mission of downlink data to the client station 25 includes 
utilizing time division multiple access (TDMA) scheduling 
techniques or other Suitable techniques. In an embodiment, 
information that indicates a schedule for transmission of 
downlink data to the client station 25 is included in one or 
more beacon frames. Thus, the network interface 27 of the 
client station 25 receives and processes the one or more bea 
conframes to determine a schedule for transmission of down 
link data for the client station 25. In an embodiment, after 
determining the schedule for transmission of downlink data, 
the network interface 27 powers down at least partially until 
a scheduled downlink transmission by the AP 14 and powers 
back up in time to receive the scheduled downlink transmis 
S1O. 

(0099. Additionally, in an embodiment in which the AP 14 
is configured to schedule transmission of downlink data to the 
client station 25 and to include schedule information in one or 
more beacons, the network interface 16 of the AP 14 is con 
figured to include in an acknowledgment data unit that 
acknowledges the trigger frame 408 information to facilitate 
the network interface 27 of the client station 25 to power 
down at least partially until a next beacon frame that includes 
at least Some of the scheduling information is transmitted by 
the AP 14. For example, the information includes an esti 
mated time at which the next beacon frame is to be transmit 
ted, in an embodiment. As another example, the information 
includes a time stamp to facilitate the network interface 27 of 
the client station 25 to adjust a clock of the network interface 
27 to adjust for clock drift between the clock of the network 
interface 27 of the client station 25 and the clock of the 
network interface 16 of the AP 14, in an embodiment. 
0100. In an embodiment in which the AP14 is configured 
to schedule transmission of downlink data to the client station 
25, the network interface 27 of the client station 25 may be 
configured to include in the trigger frame 408 an indication of 
whether the client station 25 has additional uplink data to be 
transmitted to the AP 14. In an embodiment, the network 
interface 16 of the AP 14 is configured to process the trigger 
frame 408 (i.e., to process the indication of whether the client 
station 25 has additional uplink data to be transmitted to the 
AP 14) to determine whether the client station 25 has addi 
tional uplink data to be transmitted to the AP 14. When the 
network interface 16 of the AP 14 determines that the client 
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station 25 has additional uplink data to be transmitted to the 
AP 14, the network interface 16 schedules transmission of 
uplink data by the client station 25. Scheduling transmission 
of uplink data by the client station 25 includes utilizing 
TDMA scheduling techniques or other suitable techniques. In 
an embodiment, information that indicates a schedule for 
transmission of uplink data by the client station 25 is included 
in one or more beacon frames. Thus, the network interface 27 
of the client station 25 receives and processes the one or more 
beacon frames to determine a schedule for transmitting, by 
the client station 25, uplink data. In an embodiment, after 
determining the schedule for transmission of uplink data and/ 
or a transmission of downlink data, the network interface 27 
powers down at least partially until the earlier of (i) a sched 
uled downlink transmission by the AP 14 and (ii) a scheduled 
time for transmission of uplink data by the client station 25, 
and powers back up in time to either (i) receive the scheduled 
downlink transmission or (ii) transmit uplink data at a sched 
uled time. 

0101. In some embodiments, a client device 25 in a power 
save mode uses a trigger frame (such as the trigger frame 112 
(FIGS. 2, 3), the trigger frames 408,424 (FIG. 6), or another 
suitable trigger frame) to determine whether the AP 14 has 
broadcast data and/or multicast data (for a group of client 
devices including the client device 25) to be transmitted. For 
example, in response to a trigger frame (such as described 
above) transmitted by a client device 25, the AP 14 transmits 
a data unit that indicates whether the AP14 has broadcast data 
and/or multicast data (for a group including the client device 
25) to be transmitted, in an embodiment. The data unit 
responsive to the trigger frame additionally includes informa 
tion regarding timing of the broadcast and/or multicast data, 
in an embodiment. For example, the AP14 may subsequently 
transmit information in a particular beacon frame that indi 
cates when the AP 14 will transmit the broadcast/multicast 
data, and the data unit responsive to the trigger includes 
information indicating which beacon will include the infor 
mation that indicates when the AP14 will transmit the broad 
cast/multicast data, in an embodiment. 
0102 FIG. 7 is a flow diagram of another example method 
500, implemented by a first wireless device (e.g., the AP14), 
for responding to an inquiry from a second wireless device 
(e.g., a client station 25) regarding whether the first wireless 
device has multicast and/or broadcast data to be transmitted 
by the first wireless device, and, if the first wireless device has 
multicast/broadcast data to be transmitted, to transmit infor 
mation regarding when the first wireless device will transmit 
multicast/broadcast data. FIG. 7 will be described with refer 
ence to FIG. 1 for ease of explanation. In other embodiments, 
however, a suitable system different than the system 10 of 
FIG.1 may utilize the method 500. In some embodiments, the 
first device is an AP and the second device is a client station, 
and the method 500 will be described in this context for ease 
of explanation. In other embodiments, however, both the first 
wireless device and the second wireless device are client 
stations (e.g., in an ad-hoc network). 
(0103 At block 504, the network interface 16 of the AP 14 
receives and processes a data unit from the client station 25 
that requests the AP 14 to transmit to the client station 25 an 
indication of whether the AP 14 has broadcast data and/or 
multicast data for the client station 25. In some embodiments, 
the data unit received at block 504 includes uplink data (i.e., 
data transmitted by the client station 25 to the AP14). In an 
embodiment, the data unit received at block 504 omits uplink 
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data. Referring to FIGS. 2 and 3, the data unit received at 
block 304 is similar to the data unit 112, in an embodiment. In 
an embodiment, the data unit received at block 504 includes 
a group address corresponding to the client station 25 to 
facilitate the AP 14 quickly determining whether there is 
multicast data for the client station 25. In an embodiment, the 
data unit received at block 504 includes one or more of (i) 
FMS counter information corresponding to the client station 
25, or (ii) FMS identifier (ID) information corresponding to 
the client station 25, to facilitate the AP 14 quickly determin 
ing whether there is multicast data for the client station 25. 
0104. At block 508, it is determined whether the AP14 has 
broadcast data and/or multicast data for the client station 25. 
In an embodiment, the determination at block 508 is per 
formed in response to the data unit received at block 504. In 
another embodiment, the determination at block 508 is per 
formed prior to receiving the data unit at block 504. For 
example, the determination is performed prior to receiving 
the data unit at block 504 and an indication of the determina 
tion is stored in a memory of the AP 14. In an embodiment, 
block 508 is performed by the network interface 16. In 
another embodiment, block 508 is performed by the host 
processor 15. In an embodiment, block 508 is performed by 
the network interface 16 and the host processor 15. In an 
embodiment in which the data unit received at block 504 
includes a group address corresponding to the client station 
25, block 508 includes utilizing the group address received at 
block 504 to determine whether there is multicast data for the 
client station 25. 

0105. At block 512, the network interface 16 of the AP 14 
generates and transmits to the client 25 a data unit in response 
to the data unit received from the client 25 at block 504. The 
data unit generated at block 512 includes an indication of 
whether the AP 14 has broadcast data and/or multicast data 
for the client station 25. 

01.06. At block 516, if it was determined at block 508 that 
there is no broadcast data and/or multicast data for the client 
station 25, the flow ends. On the other hand, if it was deter 
mined at block 508 that there is data buffered for the client 
device 25, the network interface 16 of the AP14, at block.520, 
generates and transmits to the client device 25 a data unit that 
includes information regarding timing of the broadcast and/or 
multicast data, in an embodiment. For example, the AP 14 
may Subsequently transmit information in a particular beacon 
frame that indicates when the AP 14 will transmit the broad 
cast/multicast data, and the data unit responsive to the trigger 
includes information indicating which beacon will include 
the information that indicates when the AP 14 will transmit 
the broadcast/multicast data, in an embodiment. 
0107. In an embodiment, downlink data transmitted at 
block 520 is included in the data unit transmitted at block 512. 
In other words, data transmitted at blocks 512 and 520 are 
included in a single data unit, in an embodiment. In an 
embodiment, the data unit is generated to also include at least 
one of (i) a timestamp, and (ii) update information for the 
BSS. In various embodiments, the data unit is generated to 
include only one of (i) a timestamp, or (ii) update information 
for the BSS. In an embodiment, the data unit is generated to 
include both of (i) a timestamp, and (ii) update information 
for the BSS. 

0108. In another embodiment, downlink data transmitted 
at block 520 is included in a data unit separate from the data 
unit transmitted at block 512. For example, the separate data 
unit is transmitted a certain time period (e.g., PIFS specified 
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in the IEEE 802.11 Standard, or another suitable time period) 
after the data unit transmitted at block 512. 
0109 FIG. 8 is a flow diagram of an example method 550, 
implemented by a first wireless device (e.g., a client station 
25) in a power save mode, for determining whether a second 
wireless device (e.g., the AP 14) has broadcast data and/or 
multicast data for the first wireless device, and if the second 
wireless device has broadcast data and/or multicast data for 
the client station 25, obtaining information from the second 
wireless device to enable receiving the broadcast data and/or 
multicast data for the client station 25. FIG. 8 will be 
described with reference to FIG. 1 for ease of explanation. In 
other embodiments, however, a suitable system different than 
the system 10 of FIG. 1 may utilize the method 550. In some 
embodiments, the first device is a client station and the second 
device is an AP, and the method 550 will described in this 
context for ease of explanation. In other embodiments, how 
ever, both the first device and the second device are client 
stations (e.g., in an ad-hoc network). 
0110. In an embodiment, blocks 204, 208,212 and 216 are 
the same as or similar to like-numbered blocks discussed with 
respect to FIG.4, and are not described further. 
0111. If it is determined at block 208 that the wireless 
communication channel is not busy, the flow proceeds to 
block 554. At block 554, the network interface 27 generates 
and transmits a data unit that prompts the AP 14 to respond 
with an indication of whether the AP 14 has broadcast data 
and/or multicast data for the client station 25. In some 
embodiments, the data unit includes uplink data (i.e., data to 
be transmitted from the client station 25 to the AP14) when 
the client station 25 has uplink data to be transmitted. In an 
embodiment, the data unit omits uplink data even when the 
client station 25 has uplink data to be transmitted. Referring 
to FIGS. 2 and 3, the data unit transmitted at block 554 is 
similar to the data unit 112 (FIGS. 2 and 3), in an embodi 
ment. In an embodiment, the data unit of block 554 is gener 
ated to include a group address corresponding to the client 
station 25 to facilitate the AP 14 quickly determining whether 
there is multicast data for the client station 25. 

0112 At block 558, the network interface 27 receives and 
processes a data unit transmitted by the AP 14 in response to 
the data unit transmitted by the network interface 27 at block 
554. The data unit received at block 558 includes an indica 
tion of whether the AP14 has broadcast data and/or multicast 
data for the client station 25. If the AP 14 has broadcast data 
and/or multicast data for the client station 25, the data unit 
additionally includes information indicating which Subse 
quent beacon will include the information that indicates when 
the AP 14 will transmit the broadcast/multicast data, in an 
embodiment. In another embodiment, a separate data unit 
includes the information indicating which Subsequent beacon 
will include the information that indicates when the AP 14 
will transmit the broadcast/multicast data. 

0113. In an embodiment, the data unit received at block 
558 also includes at least one of (i) a timestamp, and (ii) 
update information for the BSS. In various embodiments, the 
data unit received at block 558 includes only one of (i) a 
timestamp, or (ii) update information for the BSS. In an 
embodiment, the data unit received at block 558 includes both 
of (i) a timestamp, and (ii) update information for the BSS. 
0114. In an embodiment, the data unit generated at block 
554 includes one or more indications of whether the client 
station 25 is requesting additional information. In an embodi 
ment, the AP14 analyzes the data unit generated at block 554 
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to determine what information is being requested by the client 
station 25, and generates and transmits a data unit in response 
that includes the requested information. For example, in an 
embodiment, the data unit generated at block 554 includes 
one or more indications of (i) a request for a timestamp, and 
(ii) a request for updated information for the BSS. In response 
to the one or more indications, the AP 14 determines what 
information is being requested by the client station 25 (if 
any), and responsively provides in the data unit received at 
block 558 one or more of (i) a time stamp, and (ii) a request for 
updated information for the BSS. 
0115 The network interface 27 of the client station 25 
analyzes the data unit received at block 558, and determines 
(block 560) whether the AP 14 has broadcast data and/or 
multicast data for the client station 25 based on the analysis. 
If it is determined that the AP14 does not have broadcast data 
and/or multicast data for the client station 25, the flow pro 
ceeds to block 564, at which the network interface 27 powers 
down at least partially (i.e., so that the network interface 27 
cannot transmit or receive via the wireless medium) until 
Some Subsequent time, in Some embodiments and/or sce 
narios (e.g., when the client station 25 does not have uplink 
data to be transmitted to the AP14). 
0116. On the other hand, if it is determined at block 560 
that the AP14 does have buffered downlink data for the client 
station 25, the flow proceeds to block 568. At block 568, the 
network interface 27 determines when to subsequently wake 
up to analyze a beacon that includes information that indi 
cates when the AP 14 will transmit the broadcast/multicast 
data. For example, the AP 14 may subsequently transmit 
information in a particular beacon frame that indicates when 
the AP 14 will transmit the broadcast/multicast data, and the 
data unit received at block 558 includes information indicat 
ing which beacon will include the information that indicates 
when the AP 14 will transmit the broadcast/multicast data, in 
an embodiment. The flow then proceeds to block 564, in an 
embodiment. 

0117. In some embodiments, a network interface of the 
first device (e.g., the network interface 27) performs the 
method 550 (or a similar method) periodically when the net 
work interface is in the power save mode. For example, in an 
embodiment, the network interface of the first device 
attempts to transmit a data unit such as the data unit 112 to the 
second device periodically when the network interface of the 
first device is in the power save mode. In another embodi 
ment, the network interface of the first device performs the 
method 550 (or a similar method) when the network interface 
27 is in the power save mode and when the first device has 
uplink data to transmit to the second device. For example, in 
an embodiment, the network interface of the first device 
attempts to transmit a data unit such as the data unit 112 to the 
second device when the network interface of the first device is 
in the power save mode and when the first device has uplink 
data to transmit to the second device. In another embodiment, 
the network interface of the first device the method 550 (or a 
similar method) periodically and/or when the network inter 
face of the first device is in the power save mode and when the 
first device has uplink data to transmit to the second device. 
For example, in an embodiment, the network interface of the 
first device attempts to transmit a data unit Such as the data 
unit 112 to the second device when the network interface of 
the first device is in the power save mode and when the first 
device has uplink data to transmit to the second device. On the 
other hand, when the network interface of the first device is in 



US 2012/0263085 A1 

the power save mode but the first device does not have uplink 
data to transmit to the second device, the network interface of 
the first device attempts to transmit a data unit such as the data 
unit 112 to the second device periodically. 
0118. In another embodiment similar to above-discussed 
methods, the network interface 27 of the client station 25 
generates and transmits a poll data unit that includes a plu 
rality of indications of what types of information the client 
station 25 is requesting from the AP14. For example, the poll 
data unit includes indications of whether the client station 25 
is requesting two or more of (i) whether the AP 14 has buff 
ered unicast downlink data for the client station 25, (ii) update 
information for the BSS, (iii) whether the AP14 has broadcast 
data and/or multicast data for the client station 25, and (iv) a 
timestamp. In an embodiment, the indication of a request for 
whether the AP 14 has broadcast/multicast data includes a 
group address corresponding to the client station 25 to facili 
tate the AP 14 quickly determining whether there is multicast 
data for the client station 25. In response, the AP 14 analyzes 
the indications to determine what information (ifany) is being 
requested. The AP 14 generates and transmits one or more 
data units to provide the requested information (if any), in an 
embodiment. In an embodiment, the poll data unit includes a 
field (e.g., a bit) set to a value to indicate to the AP 14 the data 
unit is a request for information (Such as described above) 
from the AP 14. 
0119. In an embodiment, the response to the poll data unit 

is included in a short null data packet (NDP) frame when the 
response does not include a timestamp field. In an embodi 
ment, the NDP format poll-response frame includes one or 
more of 1) an NDP frame type indication; 2) a return address 
(RA) identification; 3) a unicast buffered data unit(s) indica 
tion; 4) group-addressed (e.g., broadcast and/or multicast) 
buffered data unit(s) indication; 5) a BSS change sequence 
(update information for the BSS). 
0120 In an embodiment in which the poll-response frame 

is an NDP the poll-response frame omits a duration field 
(which is typically needed in other short control response 
frames). In an embodiment, the vacant space obtained by 
omitting the duration field can be used to carry 3), 4) and/or 
5). In an embodiment, if there is a need for timestamp infor 
mation, the client station 25 sends a probe request data unit 
for a probe response with a timestamp or the client station 25 
waits for a next beacon/TIM frame. 

0121 When a client station 25 in a power save mode 
receives a Poll-Response frame and finds there are new BSS 
changes, the client station 25 sends a Probe Request to get 
updated BSS information, in an embodiment. In another 
embodiment, when a client station 25 in a power save mode 
receives a Poll-Response frame and finds there are new BSS 
changes, the client station 25 checks a next short/full beacon 
to get the updated BSS information. 
0122) When client station 25 in a power save mode 
receives a poll-response frame and finds that the AP will send 
group-addressed buffered data units right after a next DTIM 
beacon, it will be useful to the client station 25 to know one or 
both of 1) the duration to the next DTIM beacon; and 2) 
current timing of the AP14 (e.g., a timestamp of the clock of 
the AP14), in an embodiment. The client station 25 can obtain 
the current timestamp from the poll-response frame (if 
included in the poll-response frame), in an embodiment. 
Additionally, the client station 25 can obtain the current 
timestamp by waiting for a next beacon/TIM frame, which 
includes a timestamp, in an embodiment. 
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(0123. In an embodiment, the network interface 27 of the 
client station 25 determines a time period to the next DTIM 
beacon using a DTIM count and/or a DTIM period included 
in the poll-response frame. In an embodiment, the poll-re 
sponse frame includes a DTIM count and/or a DTIM period 
when there is a group-addressed buffered data unit(s) pend 
ing. In an embodiment, the network interface 27 of the client 
station 25 determines a time period to the next DTIM beacon 
using DTIM timing information, such as at least one of 1) a 
time synchronization function (TSF) 0 offset (e.g., a number 
of beacon intervals between TSF 0 and the first DTIM bea 
con); and 2) a DTIM period. In an embodiment, the TSF 0 
offset and/or the DTIM period are obtained by the client 
station 25 in a fullbeacon. In another embodiment, the TSF 0 
offset and/or the DTIM period are obtained by the client 
station 25 in a probe response frame and/or a poll response 
frame. 

0.124. In an embodiment, the AP 14 generates a probe 
response frame and/or a poll response frame to include DTIM 
timing information. In an embodiment, a request field and/or 
element bitmap is included in a probe request data unit gen 
erated by a client station 25 to request certain fields/elements 
(such as a timestamp, DTIM timing information, etc.) within 
a probe response frame (generated and transmitted by the AP 
14 in response to the probe request), thus reducing the size of 
the probe response frame. In an embodiment, fields/elements 
that are requested very often can be put in an early portion of 
a probe response frame. 
0.125. In some wireless local area networks (WLANs), a 
client station is a mobile Smartphone that includes a WLAN 
network interface. In such WLANs, a user can choose to 
offload mobile Smart phone traffic to and from the cellular 
network to the WLAN. Referring to FIG.1, as an example, the 
AP 14 is coupled to a metropolitan area network (MAN), a 
wide area network (WAN), the Internet, etc., via a network 
interface (not shown) separate from the WLAN network 
interface 16, in an embodiment. Offloaded cellular traffic is 
transmitted to and received from a cellular service provided 
via the separate network interface, and is transmitted to and 
received from the mobile smart phone 25 via the network 
interface 10, in an embodiment. 
0.126 Offloaded cellular traffic will consume (at least in 
Some situations and/or embodiments) a considerable amount 
of the available spectrum resources of the WLAN, and can 
reduce the performance of the WLAN with respect to other 
types of data, Such as data transmitted to and/or received from 
power-constrained or very low power stations 25 (such as 
battery-powered sensor devices) operating in the power save 
mode. Several example techniques are described herein for 
mitigating the effect of offloaded cellular data on other types 
of data in the WLAN, according to a variety of embodiments. 
0127. In an embodiment, the network interface 16 of the 
AP 14 is configured to give higher channel access priority to 
transmissions involving a client station 25 in a power save 
mode as compared to transmissions involving off load of 
cellular data. For example, the network interface 16 of the AP 
14 is configured to, with regard to the reservation of trans 
mission opportunities (TXOPs), give higher channel access 
priority to transmissions involving a power-constrained or 
very low power client station 25 (such as a battery-powered 
sensor device) in a power save mode as compared to trans 
missions involving off load of cellular data, in an embodi 
ment. 
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0128. In an embodiment, the network interface 16 of the 
AP 14 and the network interface 27 of a client station 25 are 
configured to generate a shorter channel scanning delay (be 
fore a random backoff time period) for transmissions associ 
ated with power-constrained or very low power client stations 
25 in the power save mode as compared to the channel scan 
ning delay for transmissions involving off load of cellular 
data. In an embodiment, the network interface 16 of the AP14 
and the network interface 27 of a client station 25 are config 
ured to generate a shorter random backoff time period, on 
average, for transmissions associated with power-constrained 
or very low power client stations 25 in the power save mode 
as compared to the random backoff time period, on average, 
for transmissions involving off load of cellular data. In an 
embodiment, the network interface 16 of the AP 14 and the 
network interface 27 of a client station 25 are configured (i) to 
generate a shorter channel Scanning delay for transmissions 
associated with power-constrained or very low power client 
stations 25 in the power save mode as compared to the chan 
nel Scanning delay for transmissions involving off load of 
cellular data, and (ii) to generate a shorter random backoff 
time period, on average, for transmissions associated with 
power-constrained or very low power client stations 25 in the 
power save mode as compared to the random backoff time 
period, on average, for transmissions involving off load of 
cellular data. 

0129. In an embodiment, the network interface 16 of the 
AP 14 and the network interface 27 of a client station 25 are 
configured to limit the duration of transmissions correspond 
ing to offload of cellular data. For example, in an embodi 
ment, the network interface 16 of the AP 14 and the network 
interface 27 of the client station 25 are configured to permit 
transmissions corresponding to offload of cellular data only 
using a channel bandwidth that is greater than minimum 
channel bandwidth of the WLAN 10. For instance, the 
WLAN system 10 may be capable of using channels of dif 
ferent bandwidths (e.g., a set including the bandwidths 20 
MHz, 40MHz, and 80 MHz, or another suitable set of channel 
bandwidths), and the network interface 16 of the AP 14 and 
the network interface 27 of the client station 25 are configured 
to permit transmissions corresponding to offload of cellular 
data only using a channel bandwidth that is greater than 
minimum channel bandwidth of the WLAN 10. In an embodi 
ment, the network interface 16 of the AP 14 and the network 
interface 27 of the client station 25 are configured to not 
permit transmission of cellular offload data when only the 
minimum channel bandwidth of the WLAN 10 is available. 

0130. In an embodiment, the network interface 16 of the 
AP 14 and the network interface 27 of the client station 25 are 
configured to not permit a TXOP for transmission of cellular 
offload data to be extended, at least in some circumstances. 
For example, the network interface 16 of the AP 14 and the 
network interface 27 of the client station 25 are configured to 
not permita TXOP for transmission of cellular offload data to 
be extended when any client station 25 in the WLAN 10 is in 
power save mode, in an embodiment. In another embodiment, 
the network interface 16 of the AP 14 and the network inter 
face 27 of the client station 25 are configured to not permit a 
TXOP for transmission of cellular offload data to be extended 
regardless of whether any client station 25 in the WLAN 10 is 
in power save mode. 
0131. In an embodiment, when a TXOP is truncated, the 
network interface 16 of the AP 14 and the network interface 
27 of the client station 25 are configured to require that, for 
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transmission of cellular offload data, the transmission must 
wait at least until the end of the original TXOP at least in 
Some circumstances. This assists client stations 25 in power 
save mode that may have missed the truncation of TXOP due 
to power down of the network interface 27. For example, the 
network interface 16 of the AP 14 and the network interface 
27 of the client station 25 are configured to require that, for 
transmission of cellular offload data, the transmission must 
wait at least until the end of the original TXOP when any 
client station 25 in the WLAN 10 is in power save mode, in an 
embodiment. In another embodiment, the network interface 
16 of the AP 14 and the network interface 27 of the client 
station 25 are configured to require that, for transmission of 
cellular offload data, the transmission must wait at least until 
the end of the original TXOP regardless of whether any client 
station 25 in the WLAN 10 is in power save mode. 
(0132. In an embodiment, the network interface 16 of the 
AP14 and the network interface 27 of the client station 25 are 
configured to include in data units that carry cellular offload 
data information that indicates an amount of time that the 
transmission (and optionally associated transmissions such 
as acknowledgments) will occupy the channel. In an embodi 
ment, the network interface 16 of the AP 14 and the network 
interface 27 of the client station 25 are configured to include 
in data units that carry cellular offload data information that 
indicates an amount of time of a TXOP corresponding to the 
transmission. Such channel occupation duration information 
facilitates, at least in some embodiment, a client device 25 in 
a power save mode to determine a length of time to power 
down the network interface 27 while the transmission carry 
ing cellular offload data is occurring. 
0.133 As discussed above, the AP14 schedules uplink and 
downlink transmissions for client stations 25 in the power 
save mode, in Some embodiments and/or scenarios. In an 
embodiment, the AP14 (e.g., the network interface 17) estab 
lishes a contention free period for scheduled uplink and 
downlink transmissions for client stations 25 in the power 
save mode. In an embodiment, the contention free period 
occurs immediately after a beacon transmission (i.e., no con 
tention period exists between the beacon and the contention 
free period). In another embodiment, the contention free 
period occurs at another Suitable location between beacon 
transmissions. In an embodiment, the AP 14 (e.g., the net 
work interface 17) is configured to determine pending uplink 
and/or downlink transmissions to/from client stations 25 in 
the power save mode, and to establish a contention free period 
based on the pending uplink and/or downlink transmissions 
to/from client stations 25 in the power save mode. For 
example, if the AP 14 (e.g., the network interface 17) deter 
mines that there are no pending uplink and/or downlink trans 
missions to/from client stations 25 in the power save mode, 
the AP 14 (e.g., the network interface 17) is configured to 
determine that no contention free period for scheduled uplink 
and downlink transmissions for client stations 25 in the power 
save mode is established for a particular beacon period (i.e., a 
period between beacon data unit transmissions), in an 
embodiment. As another example, if the AP 14 (e.g., the 
network interface 17) determines that there is pending uplink 
and/or downlink transmissions to/from client stations 25 in 
the power save mode, the AP 14 (e.g., the network interface 
17) is configured to determine that a contention free period for 
scheduled uplink and downlink transmissions for client sta 
tions 25 in the power save mode is to be established for a 
particular beacon period, in an embodiment. In an embodi 
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ment, the AP 14 (e.g., the network interface 17) is configured 
to determine a length of the contention free period based on an 
amount (or number) of pending uplink and/or downlink trans 
missions to/from client stations 25 in the power save mode, in 
an embodiment. 

0134. In an embodiment, the network interface 17 of the 
AP 14 is configured to not attempt to transmit mobile tele 
phony offload data during a contention free period for Sched 
uled uplink and downlink transmissions for client stations 25 
in the power save mode. In an embodiment, the network 
interface 27 of a client station 25 with mobile telephony 
offload data to be transmitted is configured to not attempt to 
transmit mobile telephony offload data during a contention 
free period for scheduled uplink and downlink transmissions 
for client stations 25 in the power save mode. 
0135) In an embodiment, the AP 14 (e.g., the network 
interface 17) is configured to coordinate beacon time and 
contention free periods with other neighboring APs (if any). 
In an embodiment, the AP 14 (e.g., the network interface 17) 
is configured to coordinate beacon time and contention free 
periods with other neighboring APs (if any) that are serving 
client stations in the power save mode. 
0136. In an embodiment, the AP 14 (e.g., the network 
interface 17) is configured to reserve the contention free 
period discussed above within a neighborhood of the AP 14 
and a neighborhood of the client stations 25 involved with the 
contention free period. In an embodiment, client stations 25 
(e.g., the network interfaces 287) involved with the conten 
tion free period are configured to help spread reservation 
information concerning the contention free period. For 
example, in an embodiment, the AP14 uses a beacon or other 
broadcast frame to reserve a certain period for contention free 
access, and the client stations 25 involved in the contention 
free access send a broadcast frame at the beginning of the 
contention access period to reserve the medium around 
within their neighborhood. 
0137 FIG.9 is a flow diagram of an example method 600 
for facilitating coexistence of (i) low power and/or power 
constrained sensor devices and (ii) devices transmitting cel 
lular offload data in a wireless network. FIG. 9 will be 
described with reference to FIG. 1 for ease of explanation. In 
other embodiments, however, a suitable system different than 
the system 10 of FIG. 1 may utilize the method 600. In an 
embodiment, the method 600 is implemented by the network 
interface 16 of the AP14. In another embodiment, the method 
600 is implemented by the network interface 27 of a client 
device 25. In another embodiment, the method 600 is imple 
mented jointly by multiple ones of the network 16 of the AP 
14 and one or more network interfaces 27 of one or more 
client devices 25. 

0138. At block 604, first data units associated with one or 
more power-constrained sensor devices are transmitted in a 
wireless network. At block 608, second data units associated 
with offload of cellular telephone data are transmitted in the 
wireless network. At block 612, priority is given to transmis 
sion of the first data units over transmission of the second data 
units with regard to access to a wireless medium of the wire 
less network. Examples of techniques for giving priority to 
transmission of the first data units over transmission of the 
second data units are discussed above, and one or more of 
these techniques are utilized in various embodiments. 
0139 FIG.10 is a transmission timing diagram illustrating 
another embodiment of a method in which a client station in 
a power save mode transmits to another device (e.g., an AP) a 
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frame corresponding to a protocol above a second layer (e.g., 
above the MAC layer) in a protocol stack. The timing diagram 
of FIG. 10 will be described with reference to FIG. 1 for ease 
of explanation. In other embodiments, however, a suitable 
system different than the system 10 of FIG.1 may utilize the 
method illustrated in FIG. 10. The example of FIG. 10 is 
discussed, for ease of explanation, in the context of the pro 
tocol above the second layer in the protocol stack being the 
transmission control protocol (TCP). In other embodiments, 
other suitable protocols above the second layer in the protocol 
stack are utilized. 

0140. In FIG. 10, a client station 25 is in a power save 
mode and powers up at least a portion of the network interface 
27 in order to transmit to the AP14 a TCP frame, or at least an 
end portion of the TCP frame. In an embodiment, the TCP 
frame (or end portion of the TCP frame) is included in a 
physical layer data unit. At a time 704, the network interface 
27 is powered up and ready to transmit. The network interface 
27 scans the wireless medium for a minimum time period (not 
shown) in order to determine whether the medium is busy, as 
discussed above. The network interface 27 generates and 
transmits a data unit 708 that includes the TCP frame (or end 
portion of the TCP frame). 
0.141. In response to the data unit 708, the AP 14 generates 
and transmits to the client station 25 an acknowledgment data 
unit 712. In an embodiment, the acknowledgment data unit 
712 includes a TIM information element that indicates 
whether the AP 14 has buffered downlink data for the client 
station 25. In an embodiment, the TIM includes an indication 
that there is not any buffered data unit (BU) to facilitate the 
client station 25 powering down the network interface 27 after 
the client station 25 receives the data unit 712. In an embodi 
ment, a bit corresponding to the AID of the client station 25 is 
set to zero to indicate that there is no BU for the client station 
25. In an embodiment in which a TIM information element is 
not included in the acknowledgment data unit 712, a field is 
included in the acknowledgment data unit 712 to indicate 
whether there is any BU for the client station 25. In an 
embodiment, a field is included in the acknowledgment data 
unit 712 and set to indicate that that there is not any buffered 
data unit (BU) to facilitate the client station 25 powering 
down the network interface 27 after the client station 25 
receives the data unit 71. 

0142. In an embodiment, the data unit 712 also includes an 
indication of a delay time after which the AP 14 will be ready 
to transmit downlink data to the client station 25. For 
example, it may take the AP14 some time to process the TCP 
frame and/or to prepare for a transmission of a TCP acknowl 
edgment to the client station 25. Thus, the AP 14 includes the 
indication of the delay time to facilitate powering down the 
network interface 27 of the client station 25 during the delay. 
In an embodiment, the delay time corresponds to a minimum 
time before which the network interface 27 of the client 
station 25 should not poll the AP14 for the TCP acknowledg 
ment. In another embodiment, the delay time corresponds to 
a time of transmission of a next beacon frame. In an embodi 
ment, the network interface 16 of the AP 14 is configured to 
determine the delay time. In another embodiment, the host 
processor 15 is configured to determine the delay time. 
0143. In another embodiment, the AP 14 does not deter 
mine the delay time and/or the data unit 712 does not include 
an indication of the delay time. Rather, the client station (e.g., 
the network interface 27) may determine or assume a delay 
time as discussed further below. 
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0144. In response to receiving the data unit 712, the net 
work interface 27 of the client station 25 determines a delay 
time, in some embodiments. For example, when the data unit 
712 includes an indication of the delay time, the network 
interface 27 of the client station 25 determines the delay time 
based on the indication in the data unit 712. In another 
embodiment in which the data unit 712 does not include an 
indication of the delay time, the network interface 27 of the 
client station 25 determines a delay time using other suitable 
techniques. In an embodiment, the delay time is assumed by 
the network interface 27 of the client station 25 to be a 
predetermined amount of time. 
0145 Also in response to the data unit 712, the network 
interface 27 power downs at least partially (i.e., so that the 
network interface 27 cannot transmit or receive via the wire 
less medium) at time 716 until some subsequent time based 
on the determined or assumed delay time, in Some embodi 
ments and/or scenarios (e.g., when the client station 25 does 
not have uplink data to be transmitted to the AP14). The time 
716 occurs after the end of the transmission of the data unit 
712, in an embodiment. 
0146 The network interface 27 powers back up at a time 
720, which is determined based on the determined or assumed 
delay time. Subsequently, the network interface 27 generates 
and transmits a data unit 724 that prompts the AP 14 to 
transmit buffered downlink data for the client station 25. The 
data unit 724 may be referred to as a trigger or a poll. In some 
embodiments, the data unit 724 includes uplink data (i.e., data 
to be transmitted from the client station 25 to the AP14) when 
the client station 25 has uplink data to be transmitted. In an 
embodiment, the data unit 724 omits uplink data even when 
the client station 25 has uplink data to be transmitted. In some 
embodiments, the data unit 724 is transmitted only after 
determining that the medium is not busy at least for the 
minimum time period. 
0147 In response to the trigger 724, the AP14 transmits to 
the client station a data unit 728 that includes TCP acknowl 
edgment for the TCP frame transmitted earlier by the client 
station 25. The TCP acknowledgment is stored in a memory 
of or coupled to the network interface 16 of the AP 14 and the 
network interface 16 retrieves the TCP acknowledgment from 
the memory when the network interface 728 in order to trans 
mit the TCP acknowledgment, in an embodiment. In an 
embodiment, the data unit 728 is stored in the memory of or 
coupled to the network interface 16 of the AP 14 and the 
network interface 16 retrieves the data unit 728 from the 
memory in order to transmit the data unit 728, in an embodi 
ment. 

0148. In an embodiment, the AP14 treats the data unit 728 
as a high priority power save frame in order to expedite 
transmission of the data unit 728 to quickly respond to the 
trigger 724. 
0149. The network interface 27 of the client station 25 
receives and processes the data unit 728. The network inter 
face 27 generates and transmits an acknowledgment data unit 
732 in response to receiving the data unit 728. The network 
interface 27 powers down at a time 736 subsequent to the end 
of the acknowledgment data unit 732. 
0150. The IEEE 802.11 v Standard has introduced power 
save features that allow client stations to sleep for longer 
durations between transmission and/or reception of data 
units. Additionally, the IEEE 802.11 v Standard allows a cli 
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ent station to not communicate with the AP for longer dura 
tions and yet not be disassociated with a basic service set 
(BSS) organized by the AP 
0151. As discussed above, some WLANs may include a 
mix of (i) typical user devices such as laptop computers, 
desktop computers, and mobile phones, and (ii) sensor 
devices. Some sensor devices have power Supplied only by a 
battery and/or the sensor device is designed for very infre 
quent recharge of the battery, in some embodiments. Some 
sensor devices with power supplied by a battery are not 
designed for recharge of the battery and/or are not designed 
for easy replacement of the battery, in some embodiments. In 
Some embodiments, at least Some sensor devices have much 
more stringent power use requirements as compared to typi 
cal user devices (e.g., laptop computers, desktop computers, 
mobile phones, etc.). In some embodiments, network inter 
faces of Some sensor devices are configured to remain in the 
power save state for much longer periods as compared to 
network interfaces of typical user devices. For example, a 
network interface of a mobile telephone is configured to 
remain in the sleep mode for a maximum time period in the 
order of seconds, whereas a network interface of a sensor 
device is configured to remain in the sleep mode for a maxi 
mum time period in the order of hours. 
0152 The IEEE 802.11 v Standard specifies several 
parameters to facilitate sleep mode operation of client sta 
tions. For example, a BSS maximum idle parameter corre 
sponds to a maximum duration of a time period during which 
an AP receives no communications from a client station in the 
BSS and will not disassociate the client station from the BSS. 
In other words, if the AP receives no communications from a 
client station for a duration that exceeds the BSS maximum 
idle parameter, the AP can disassociate the client station from 
the BSS. 

0153. At least in some situations, a desirable setting for the 
BSS maximum idle parameter for typical user devices (e.g., 
laptop computers, desktop computers, mobile phones, etc.) is 
significantly different than a desirable setting for the BSS 
maximum idle parameter for sensor devices. For example, a 
desirable setting of the BSS maximum idle parameter for 
sensor devices is at least an order of magnitude larger than the 
a desirable setting for the BSS maximum idle parameter for 
typical user devices. 
0154) At least in some situations, desirable settings for 
other types of parameters for a BSS significantly differ 
between typical user devices (e.g., laptop computers, desktop 
computers, mobile phones, etc.) and devices sensor devices. 
Examples of Such parameters include a basic rate (or basic 
rate set) for the BSS, an encryption mode for the BSS, a 
wireless network management (WNM) sleep duration param 
eter, etc. 
0.155. In an embodiment, an AP organizes at least two 
BSSs including a first BSS and a second BSS. The first BSS 
corresponds to one or more first client stations, and the second 
BSS corresponds to one or more second client stations. In an 
embodiment, at least one first client station is a sensor device, 
whereas at least one second client station is not a sensor 
device. In an embodiment, each first client station is a sensor 
device, whereas each second client station is not a sensor 
device. In other embodiments, at least one first client station 
is a sensor device and at least another first client station is not 
a sensor device. In other embodiments, at least one second 
client station is not a sensor device and at least another first 
client station is a sensor device. 
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0156 The AP transmits to the first client station(s) in the 
first BSS a first value of a first parameter that indicates a time 
duration during which the AP will not dissociate a client 
station due to not receiving at least one frame from the client 
station. In an embodiment, the first parameter is the BSS 
maximum idle parameter. In other embodiments, the first 
parameter is another Suitable parameterindicates a time dura 
tion during which the AP will not dissociate a client station 
due to not receiving at least one frame from the client station. 
0157 Additionally, the AP transmits to the second client 
station(s) in the second BSS a second value of the first param 
eter. In an embodiment, the first value of the first parameter is 
at least an order of magnitude larger than the second value of 
the first parameter. In an embodiment, the first value of the 
first parameter is at least two orders of magnitude larger than 
the second value of the first parameter. In an embodiment, the 
first value of the first parameter is at least three orders of 
magnitude larger than the second value of the first parameter. 
In an embodiment, the first value of the first parameter is 
greater than one hour, and the second value of the first param 
eter is less than one minute. In an embodiment, the first value 
of the first parameter is greater than ten hours, and the second 
value of the first parameter is less than one minute. In an 
embodiment, the first value of the first parameter is greater 
than one hundred hours, and the second value of the first 
parameter is less than one minute. 
0158. In an embodiment, the AP receives from a first client 
station a value of a second parameter corresponding to the 
first client station. The second parameter indicates a time 
period between when the first client station in the first BSS 
periodically awakes from a power save mode. In an embodi 
ment, the value of the second parameter corresponds to a time 
period greater than the second value of the first parameter. In 
an embodiment, the second parameter is the WNM sleep 
duration parameter. In other embodiments, the second param 
eter is another Suitable parameter that indicates a time period 
between when the first client station in the first BSS periodi 
cally awakes from a power save mode. 
0159. In an embodiment, the AP transmits to the first client 
station(s) a first value of a third parameter that indicates a 
basic data rate utilized by the AP, and transmits to the second 
client station(s) a second value of the third parameter. In an 
embodiment, the first value of the third parameter is different 
than the second value of the third parameter. 
0160. In an embodiment, the AP transmits to the first client 
station(s) a first value of a fourth parameter that indicates an 
encryption mode utilized by the AP and transmits to the 
second client station(s) a second value of the fourth param 
eter. In an embodiment, the first value of the fourth parameter 
is different than the second value of the fourth parameter. In 
an embodiment, the APutilizes encryption with the first client 
station(s) and does not utilize encryption with the second 
client station(s). In an embodiment, the AP does not utilize 
encryption with the first client station(s) and utilizes encryp 
tion with the second client station(s). 
0161 Referring to FIG. 1, in an embodiment, the network 
interface 16 of the AP 14 is configured to transmit to the first 
client station(s) and the second client station(s) one or more of 
the first through fourth parameters discussed above. 
0162 FIG. 11 is a flow diagram of an example method 800 
for facilitating coexistence of (i) low power and/or power 
constrained sensor devices and (ii) devices transmitting cel 
lular offload data in a wireless network. FIG. 11 will be 
described with reference to FIG. 1 for ease of explanation. In 
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other embodiments, however, a suitable system different than 
the system 10 of FIG. 1 may utilize the method 800. In an 
embodiment, the method 800 is implemented by the network 
interface 16 of the AP 14. 
(0163 At block 804, the AP 14 transmits, to one or more 
first client stations in a first basic service set (BSS), a first 
value of a first parameter that indicates a time duration during 
which the AP14 will not dissociate a client station due to not 
receiving at least one frame from the client station. 
(0164. At block 808, the AP 14 transmits, to one or more 
second client stations in a second BSS, a second value of the 
first parameter, where the first value of the first parameter is at 
least an order of magnitude larger than the second value of the 
first parameter. 
0.165 At least some of the various blocks, operations, and 
techniques described above may be implemented in hard 
ware, a processor executing firmware and/or Software 
instructions, or any combination thereof. When implemented 
utilizing a processor executing Software or firmware instruc 
tions, the software or firmware instructions may be stored in 
any computer readable memory Such as on a magnetic disk, 
an optical disk, or other tangible storage medium, in a RAM 
or ROM or flash memory, processor, hard disk drive, optical 
disk drive, tape drive, etc. Likewise, the software or firmware 
instructions may be delivered to a user or a system via any 
known or desired delivery method including, for example, on 
a computer readable disk or other transportable, tangible 
computer storage mechanism or via communication media. 
Communication media typically embodies computer read 
able instructions, data structures, program modules or other 
data in a modulated data signal Such as a carrier wave or other 
transport mechanism. The term "modulated data signal 
means a signal that has one or more of its characteristics set or 
changed in Such a manner as to encode information in the 
signal. By way of example, and not limitation, communica 
tion media includes wired media such as a wired network or 
direct-wired connection, and wireless media Such as acoustic, 
radio frequency, infrared and other wireless media. Thus, the 
software or firmware instructions may be delivered to a user 
or a system via a communication channel Such as a telephone 
line, a DSL line, a cable television line, a fiber optics line, a 
wireless communication channel, the Internet, etc. (which are 
viewed as being the same as or interchangeable with provid 
ing Such software via a transportable storage medium). The 
Software or firmware instructions may include machine read 
able instructions stored on a memory of other computer 
readable storage medium that, when executed by the proces 
Sor, cause the processor to perform various acts. 
0166 When implemented in hardware, the hardware may 
comprise one or more of discrete components, an integrated 
circuit, an application-specific integrated circuit (ASIC), a 
programmable logic device (PLD), etc. 
0.167 While the present invention has been described with 
reference to specific examples, which are intended to be illus 
trative only and not to be limiting of the invention, changes, 
additions and/or deletions may be made to the disclosed 
embodiments without departing from the scope of the inven 
tion. 

What is claimed is: 
1. A method, comprising: 
receiving, at a first wireless communication device, an 

indication that a network interface of a second wireless 
communication device is in a low power State in which 
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the network interface is unable to receive signals trans 
mitted by the first wireless communication device: 

buffering, at the first wireless communication device, data 
for the second wireless communication device in 
response to receiving the indication that the network 
interface of the second wireless communication device 
is in a low power state; 

prior to receiving an indication that the network interface 
of the second wireless communication device is no 
longer in the low power state, receiving, at the first 
wireless communication device, a data unit from the 
Second wireless communication device, wherein the 
data unit includes a request to transmit to the second 
wireless communication device data for the second 
wireless communication device that is buffered at the 
first wireless communication device; 

determining, at the first wireless communication device, 
whether there is data for the second wireless communi 
cation device that is buffered at the first wireless com 
munication device; 

transmitting, with the first wireless communication device 
and to the second wireless communication device, 
responsive to the request, an indication of whether there 
is data for the second wireless communication device 
that is buffered at the first wireless communication 
device; and 

when it is determined that there is data for the second 
wireless communication device that is buffered at the 
first wireless communication device, transmitting, with 
the first wireless communication device and to the sec 
ond wireless communication device, data for the second 
wireless communication device that is buffered at the 
first wireless communication device. 

2. A method according to claim 1, wherein the data unit 
from the second wireless communication device that includes 
the request also includes data for the first wireless communi 
cation device. 

3. A method according to claim 1, further comprising trans 
mitting to the second wireless communication device an 
acknowledgment data unit that acknowledges receipt of the 
data unit from the second wireless communication device. 

4. A method according to claim 3, wherein the acknowl 
edgment data unit includes the indication of whether there is 
data for the second wireless communication device that is 
buffered at the first wireless communication device. 

5. A method according to claim 3, wherein, when there is 
data for the second wireless communication device buffered 
at the first wireless communication device, the acknowledg 
ment data unit includes data for the second wireless commu 
nication device that was buffered at the first wireless commu 
nication device. 

6. A method according to claim 1, wherein determining 
whether there is data for the second wireless communication 
device that is buffered at the first wireless communication 
device comprises analyzing a bitmap stored in a memory of 
the first wireless communication device, wherein 

one bit in the bitmap corresponds to the second wireless 
communication device, and 

the one bit indicates whether there is data for the second 
wireless communication device that is buffered at the 
first wireless communication device. 

7. A method according to claim 1, whereintransmitting the 
indication of whether there is data for the second wireless 
communication device that is buffered at the first wireless 
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communication device comprises transmitting at least a por 
tion of a bitmap stored in a memory of the first wireless 
communication device, wherein 

one bit in the bitmap corresponds to the second wireless 
communication device, and 

the one bit indicates whether there is data for the second 
wireless communication device that is buffered at the 
first wireless communication device. 

8. A method according to claim 1, further comprising: 
analyzing a bitmap stored in a memory of the first wireless 

communication device with regard to an identifier of the 
second communication device to generate a reduced size 
bitmap, wherein the bitmap indicates whether there are 
data for a plurality of communication devices buffered at 
the first wireless communication device; and 

transmitting the indication of whether there is data for the 
second wireless communication device that is buffered 
at the first wireless communication device comprises 
transmitting the reduced size bitmap. 

9. A method according to claim 1, further comprising, 
when it is determined that there is data for the second wireless 
communication device that is buffered at the first wireless 
communication device, transmitting, with the first wireless 
communication device and to the second wireless communi 
cation device, an indication of a delay time associated with 
when the first wireless communication device will be ready to 
transmit data for the second wireless communication device 
that is buffered at the first wireless communication device. 

10. A method according to claim 9, wherein the delay time 
corresponds to a next beacon data unit to be transmitted by the 
first wireless communication device. 

11. A method according to claim 1, further comprising, 
when it is determined that there is data for the second wireless 
communication device that is buffered at the first wireless 
communication device: 

determining a schedule for transmitting data for the second 
wireless communication device that is buffered at the 
first wireless communication device; and 

transmitting, with the first wireless communication device 
and to the second wireless communication device, an 
indication of the schedule. 

12. A method according to claim 1, further comprising 
transmitting, with the first wireless communication device 
and to the second wireless communication device, responsive 
to the request, one or more of 

(i) information to facilitate the second wireless communi 
cation device to determine when the first wireless com 
munication device will transmit broadcast and/or multi 
cast data units for the second wireless communication 
device, 

(ii) a timestamp, and 
(iii) information regarding changes to parameters for com 

munication within a basis service set (BSS). 
13. A first communication device for use in a wireless 

communication network, the first communication device 
comprising: 

a network interface configured to 
buffer data for a second wireless communication device 

in response to receiving an indication from the second 
wireless communication device that a network inter 
face of the second wireless communication device is 
in a low power state in which the network interface is 
unable to receive signals transmitted by the first wire 
less communication device, 
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determine whether there is data for the second wireless 
communication device that is buffered at the first 
wireless communication device; 

transmit to the second wireless communication device, 
responsive to a data unit received from the second 
wireless communication device and prior to receiving 
an indication that the network interface of the second 
wireless communication device is no longer in the low 
power state, an indication of whether there is data for 
the second wireless communication device that is 
buffered at the first wireless communication device, 
wherein the data unit that includes a request to trans 
mit to the second wireless communication device data 
for the second wireless communication device that is 
buffered at the first wireless communication device, 
and 

when it is determined that there is data for the second 
wireless communication device that is buffered at the 
first wireless communication device, transmit, to the 
second wireless communication device, data for the 
second wireless communication device that is buff 
ered at the first wireless communication device. 

14. A first communication device according to claim 13, 
wherein the data unit from the second wireless communica 
tion device that includes the request also includes data for the 
first wireless communication device. 

15. A first communication device according to claim 13, 
wherein the network interface is configured to transmit to the 
second wireless communication device an acknowledgment 
data unit that acknowledges receipt of the data unit from the 
second wireless communication device. 

16. A first communication device according to claim 13, 
wherein the acknowledgment data unit includes the indica 
tion of whether there is data for the second wireless commu 
nication device that is buffered at the first wireless commu 
nication device. 

17. A first communication device according to claim 13, 
wherein the network interface is configured to, when there is 
data for the second wireless communication device buffered 
at the first wireless communication device, generate the 
acknowledgment data unit to include data for the second 
wireless communication device that was buffered at the first 
wireless communication device. 

18. A first communication device according to claim 13, 
wherein the network interface is configured to analyze a 
bitmap stored in a memory of the first wireless communica 
tion device to determine whether there is data for the second 
wireless communication device that is buffered at the first 
wireless communication device, wherein 

one bit in the bitmap corresponds to the second wireless 
communication device, and 

the one bit indicates whether there is data for the second 
wireless communication device that is buffered at the 
first wireless communication device. 

19. A first communication device according to claim 13, 
wherein the network interface is configured to transmit at 
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least a portion of a bitmap stored in a memory of the first 
wireless communication device as the indication of whether 
there is data for the second wireless communication device 
that is buffered at the first wireless communication device, 
wherein 

one bit in the bitmap corresponds to the second wireless 
communication device, and 

the one bit indicates whether there is data for the second 
wireless communication device that is buffered at the 
first wireless communication device. 

20. A first communication device according to claim 3, 
wherein the network interface is configured to 

analyze a bitmap stored in a memory of the first wireless 
communication device with regard to an identifier of the 
second communication device to generate a reduced size 
bitmap, wherein the bitmap indicates whether there are 
data for a plurality of communication devices buffered at 
the first wireless communication device, and 

transmit the reduced size bitmap to the second wireless 
communication device. 

21. A first communication device according to claim 13, 
wherein the network interface is configured to, when it is 
determined that there is data for the second wireless commu 
nication device that is buffered at the first wireless commu 
nication device, transmit to the second wireless communica 
tion device an indication of a delay time associated with when 
the first wireless communication device will be ready to trans 
mit data for the second wireless communication device that is 
buffered at the first wireless communication device. 

22. A first communication device according to claim 21, 
wherein the delay time corresponds to a next beacon data unit 
to be transmitted by the first wireless communication device. 

23. A first communication device according to claim 13, 
wherein the network interface is configured to, when it is 
determined that there is data for the second wireless commu 
nication device that is buffered at the first wireless commu 
nication device: 

determine a schedule for transmitting data for the second 
wireless communication device that is buffered at the 
first wireless communication device, and 

transmit to the second wireless communication device an 
indication of the schedule. 

24. A first communication device according to claim 13, 
wherein the network interface is configured to 

transmit, responsive to the request, one or more of 
(i) information to facilitate the second wireless communi 

cation device to determine when the first wireless com 
munication device will transmit broadcast and/or multi 
cast data units for the second wireless communication 
device, 

(ii) a timestamp, and 
(iii) information regarding changes to parameters for com 

munication within a basis service set (BSS). 
c c c c c 


