
NEW WLAN TDM PROTOCOL  CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application is a continuation
of United States Patent  Application No. (Attorney
Docket No. MP0621), filed on  December 19, 2005. This
application claims the benefit of U.S. Provisional
Application No. 60/645,520, filed on January 18, 2005
and U.S. Provisional  Application No. 60/682,067 filed
on May 18, 2005. The disclosures of the above
applications are incorporated herein by reference.
FIELD OF THE INVENTION [0002] The present invention
relates to wireless networks, and more  particularly
to reducing power consumption of wireless network
devices and  improving network utilization. BACKGROUND
OF THE INVENTION [0003] IEEE standards 802.11,
802.11a, 802.11b, 802.11g, 802.11h,  802.11 n, 802.16,
and 802.20, which are hereby incorporated by reference
in their  entirety, define several different standards
for configuring wireless networks and  devices.
According to these standards, wireless network devices
may be  operated in either an infrastructure mode or
an ad-hoc mode. [0004] In the infrastructure mode, the
wireless network devices or client  stations
communicate with each other through an access point.
In the ad-hoc  mode, the wireless network devices
communicate directly with each other and do 1 



not employ an access point. The term client station or
mobile station may not  necessarily mean that a
wireless network device is actually mobile. For
example,  a desktop computer that is not mobile may
incorporate a wireless network device  and operate as
a mobile station or client station. [0005] A wireless
network that operates in the infrastructure mode
includes an access point (AP) and at least one client
station that communicates  with the AP. For example,
the wireless network may operate in an infrastructure
mode. Since the client stations are often battery
powered, it is important to  minimize power
consumption to preserve battery life. Therefore, some
client  stations implement a low power mode and an
active, or "awake," mode. During  the active mode, the
client station transmits and/or receives data. During
the low  power mode, the client station shuts down
components and/or alters operation to  conserve power.
Usually, the client station is not able to transmit or
receive data  during the lower power mode. [0006]
Wireless network devices may be implemented by a
system on  chip (SOC) circuit that includes a baseband
processor (BBP), a medium access  controller (MAC)
device, a host interface, and one or more processors.
A host  communicates with the wireless network device
via the host interface. The SOC  circuit may include a
radio frequency (RF) transceiver or the RF transceiver
may  be located externally. The host interface may
include a peripheral component  interface (PCI)
although other types of interfaces may be used. [0007]
A power management device controls and selects
different  operating modes of the client stations.
During operation, the power management 



2 device instructs some of the modules to transition
to a low power mode to  conserve power. Additional
information may be found in U.S. Patent Application
Serial Nos. 10/650,887, filed on August 28, 2003,
10/665,252, filed on  September 19, 2003, and
11/070,481 filed on March 2, 2005, which are hereby
incorporated by reference in their entirety. [0008]
Referring now to Figure 1, a first wireless network 10
is  illustrated in an infrastructure mode as defined
by IEEE 802.11 and other future  wireless standards.
The first wireless network 10 includes one or more
client  stations 12 and one or more access points (AP)
14. The client station 12 and the  AP 14 transmit and
receive wireless signals 16. The AP 14 is a node in a
network 18. The network 18 may be a local area network
(LAN), a wide area  network (WAN), or another network
configuration. The network 18 may include  other nodes
such as a server 20 and may be connected to a
distributed  communications system 22 such as the
Internet. [0009] The client station 12 does not
continuously transmit data to or  receive data from
the AP 14. Therefore, the client station 12 implements
a power  savings mode when the client station 12 and
the AP 14 do not have data to  exchange. Data commonly
remains intact in a network for a predetermined
amount of time before it is dropped. The incorporated
IEEE standards provide  the opportunity for the client
station 12 to inform the AP 14 when the client station
12 is entering a low power mode (and will not be
capable of receiving data for a  predetermined
period). After notifying the AP 14, the client station
12 transitions  to the low power mode. During the low
power period, the AP 14 buffers data that 



3 is intended to be transmitted to the client station
12. Following the low power  period, the client
station 12 powers up and receives beacon transmissions
from  the AP 14. If the beacon transmissions indicate
that the AP 14 has data for the  client station 12, or
the host processor of the client station 12 indicates
it has  data to transmit, the client station 12
remains active. Otherwise, the client station  12
enters the low power mode again. [0010] The AP 14
attempts to transmit a beacon at a target beacon
transmission time (TBTT). Before the AP 14 sends out a
beacon transmission,  the AP 14 determines whether
other devices are currently transmitting data so  that
other devices are able to use the network. The client
station 12 transitions to  the active mode prior to a
beacon transmission to queue frames to transmit to the
AP 14 in a buffer. Immediately following a beacon
transmission, the AP 14 can  exchange frames with one
or more client stations 12 in a deterministic order.
For  example, the AP 14 and the clients stations 12
may exchange data according to  Time Division
Multiplexed (TDM) protocol. The use of TDM protocol
minimizes  collisions that may occur when one or more
of the client stations 12 attempt to  transmit data to
the AP 14 simultaneously. However, other wireless
networks  that are located near the first wireless
network 10 may not operate according to  the
above-described TDM protocol. As such, collisions may
occur between the  other wireless networks and the
first wireless network 10. [0011] In another
implementation, each client station 12 may wait for a
random period prior to transmitting. This random
period, or backoff period,  reduces the likelihood
that multiple client stations will attempt to transmit



4 simultaneously. As such, a wireless network that
implements the random backoff  period has improved
collision avoidance over a wireless network that
implements  a pure TIDIVI scheme when multiple
networks exist in an overlapping region.  However,
random backoff but does not guarantee collision
avoidance. In certain  applications, collision
avoidance is critical. For example, wireless networks
that  exchange multicast data typically do not include
a positive acknowledgement  feature. In other words, a
transmitting station does not receive  acknowledgement
from a receiving station that the data was correctly
received.  Further, as a result of the random backoff
periods, the time required for all  stations in the
wireless network to complete a set of frame exchanges
is  increased. [0012] Referring now to Figure 2, a
second wireless network 24  operates in an ad-hoc
mode. The second wireless network 24 includes multiple
client stations 26-1, 26-2, and 26-3 that transmit and
receive wireless signals 28.  The client stations
26-1, 26-2, and 26-3 collectively form a LAN and
communicate directly with each other. The client
stations 26-1, 26-2, and 26-3  are not necessarily
connected to another network. The client stations
26-1, 26-2,  and 26-3 do not continuously transmit
data to and receive data from each other.  The client
stations 26 implement a power savings mode when one of
the client  stations 26-1 does not have data to
exchange with the other client stations 26-2  and
26-3. 10013] The client stations 26-1, 26-2, and 26-3
are not required to  buffer data as performed in the
AP. For example, the client station 26-1 



5 transmits the beacon to the other client stations
26-2 and 26-3. The client  stations 26-2 and 26-3
transition to the active mode prior to the beacon
transmission. During a beacon interval defined by the
beacon transmission,  each client station 26 transmits
data in a deterministic order. For example, the
client stations 26 may transmit data sequentially.
SUMMARY OF THE INVENTION [0014] In a first aspect of
the present invention, there is provided a first
wireless network device in a wireless network that
includes a plurality of wireless  network devices, the
device comprising: an RF transceiver that transmits
and  receives data packets and that periodically
transmits or receives a beacon; and a  control module
that communicates with the RF transceiver, that
determines a  transmission position m and a default
IFS time based on the beacon, that selects  a second
IFS time when the RF transceiver receives a data
packet from a  second wireless network device having a
transmission position m-1, and that  selects the
default IFS time when the RF transceiver does not
receive a data  packet from the second wireless
network device. [0015] In still other features, the
second IFS time is less than or equal  to the default
IFS time. The RF transceiver transmits a data packet
after one of  the default IFS time or the second IFS
time. A power management module  transitions the
wireless network device between an active mode and an
inactive  mode. The power management module
transitions the wireless network device  to the active
mode prior to a scheduled beacon time. The power
management 6 



module transitions the wireless network device to the
inactive mode after the RF  transceiver transmits the
data packet. [0016] In still other features, a
wireless network comprising the wireless  network
device further comprises N-1 wireless network devices.
The power  management module transitions the wireless
network device to the inactive mode  after all of the
N wireless network devices transmit a data packet. A
coordinator  device periodically transmits the beacon
to the RF transceiver. The transmission  position m=2
and the second IFS time is equal to a default IFS time
of the  second wireless network device. [0017] In
other features, a first wireless network device in a
wireless  network that includes a plurality of
wireless network devices comprises  transmitting and
receiving means for transmitting and receiving data
packets and  for periodically transmitting or
receiving a beacon, and control means for
communicating with the transmitting and receiving
means, for determining a  transmission position m and
a default IFS time based on the beacon, for  selecting
a second IFS time when the transmitting and receiving
means receives  a data packet from a second wireless
network device having a transmission  position m-1,
and for selecting the default IFS time when the
transmitting and  receiving means does not receive a
data packet from the second wireless  network device.
[0018] In still other features, the second IFS time is
less than or equal  to the default IFS time. The
wireless network device further comprises power
management means for transitioning the wireless
network device between an 7 



active mode and an inactive mode. The power management
means transitions  the wireless network device to the
active mode prior to a scheduled beacon time.  The
power management means transitions the wireless
network device to the  inactive mode after the RF
transceiver transmits the data packet. [0019] In still
other features, a wireless network comprising the
wireless  network device of further comprises N-1
wireless network devices. The power  management means
transitions the wireless network device to the
inactive mode  after all of the N wireless network
devices transmit a data packet. The  transmission
position m=2 and the second IFS time is equal to a
default IFS time  of the second wireless network
device. [0020] In a second aspect of the present
invention, there is  provided a method for
transmitting and receiving data with a first wireless
network device in a wireless network that includes a
plurality of wireless network  devices, the method
comprising: transmitting and receiving data packets;
periodically transmitting or receiving a beacon;
determining a transmission  position m and a default
IFS time based on the beacon; selecting a second IFS
time when the first wireless network device receives a
data packet from a second  wireless network device
having a transmission position m-1; and selecting the
default IFS time when the first wireless network
device does not receive a data  packet from the second
wireless network device. [0021] In still other
features, the second IFS time is less than or equal
to the default IFS time. A data packet is transmitted
after one of the default IFS 8 time or the second IFS
time. The first wireless network device is
transitioned  



between an active mode and an inactive mode. The step
of transitioning  includes transitioning the first
wireless network device to the active mode prior to  a
scheduled beacon time. The step of transitioning
includes transitioning the first  wireless network
device to the inactive mode after the first wireless
network  device transmits the data packet. [0022] In
still other features, the wireless network includes N
wireless  network devices. The first wireless network
device is transitioned to the inactive  mode after all
of the N wireless network devices transmit a data
packet. The  transmission position m=2 and the second
IFS time is equal to a default IFS time  of the second
wireless network device. [0023] In other features, a
wireless network device comprises an RF  transceiver
that transmits and receives data packets and that
periodically  transmits or receives a beacon. A
control module communicates with the RF  transceiver,
determines a default interframe space (IFS) time based
on the  beacon, and that selects one of the default
IFS time and a second IFS time that  is less than or
equal to the default IFS time based on a number of
data packets  received after the beacon. [0024] In
other features, the beacon includes data that is
indicative of a  transmission position m for the
wireless network device. The control module  selects
the second IFS time when the RF transceiver receives
m-1 data packets.  The control module selects the
default IFS time when the RF transceiver has  received
fewer than m-1 data packets. 9 [0025] In still other
features, the control module includes an IFS timer  



that is reset when data packets are received. The RIF
transceiver transmits a  data packet after one of the
default IFS time and the second IFS time. A power
management module that transitions the wireless
network device between an  active mode and an inactive
mode. The power management module transitions  the
wireless network device to the active mode prior to a
scheduled beacon time.  The power management module
transitions the wireless network device to the
inactive mode after the RF transceiver transmits a
data packet. A wireless  network comprising the
wireless network device further comprises N-1 other
wireless network devices. The power management module
transitions the  wireless network device to the
inactive mode after all of the N wireless network
devices transmit a data packet. [0026] In still other
features, a wireless network comprises a plurality of
the wireless network devices. The power management
module transitions the  wireless network devices to
the inactive mode after an idle time on the network
that is greater than a largest available IFS time. One
of the wireless network  devices is a coordinator that
periodically transmits the beacon to the plurality of
wireless network devices. [0027] In other features, a
wireless network device comprises  transmitting and
receiving means for transmitting and receiving data
packets and  for periodically transmitting or
receiving a beacon. The wireless network device
comprises control means for communicating with the
transmitting and receiving  means, for determining a
default interframe space (IFS) time based on the 10
beacon, and for selecting one of the default IFS time
and a second IFS time that  



is less than or equal to the default IFS time based on
a number of data packets  received after the beacon.
[00281 In still other features, the beacon includes
data that is indicative  of a transmission position m
for the wireless network device. The control means
selects the second IFS time when the transmitting and
receiving means receives  m-1 data packets. The
control means selects the default IFS time when the
transmitting and receiving means has received fewer
than m-1 data packets.  The control means includes
timing means for monitoring IFS times. The timing
means is reset when data packets are received and the
transmitting and  receiving means transmits a data
packet after one of the default IFS time and the
second IFS time. [0029] In still other features, the
wireless network device further  comprises power
management means for transitioning the wireless
network  device between an active mode and an inactive
mode. The power management  means transitions the
wireless network device to the active mode prior to a
scheduled beacon time. The power management means
transitions the wireless  network device to the
inactive mode after the transmitting and receiving
means  transmits a data packet. [0030] In still other
features, a wireless network comprising the wireless
network device further comprises N-1 other wireless
network devices. The  power management means
transitions the wireless network device to the
inactive  mode after all of the N wireless network
devices transmit a data packet. The 11 power
management means transitions the wireless network
devices to the  



inactive mode after an idle time on the network that
is greater than a largest  available IFS time. One of
the wireless network devices is a coordinator that
periodically transmits the beacon to the plurality of
wireless network devices. [0031] In other features, a
method for transmitting and receiving data  with a
wireless network device comprises at least one of
transmitting and  receiving data packets, at least one
of periodically receiving and transmitting a  beacon,
determining a default interframe space (IFS) time
based on the beacon,  and selecting one of the default
IFS time and a second IFS time that is less than  or
equal to the default IFS time based on a number of
data packets received after  the beacon. [0032] In
still other features, the step of selecting includes
selecting the  second IFS time after receiving m-1
data packets. The step of selecting includes
selecting the default IFS time when fewer than m-1
data packets are received.  An IFS timer is reset when
data packets are received and a data packet is
transmitted after one of the default I FS time or the
second I FS time. [0033] In other features, a computer
program executed by a processor  comprises at least
one of transmitting and receiving data packets, at
least one of  periodically receiving and transmitting
a beacon, determining a default interframe  space
(IFS) time based on the beacon, and selecting one of
the default IFS time  and a second IFS time that is
less than or equal to the default IFS time based on  a
number of data packets received after the beacon. 12
[0034] In still other features, the beacon includes
data that is indicative  of a transmission position m
for a wireless network device. The step of selecting  



includes selecting the second IFS time after receiving
m-1 data packets. The  step of selecting includes
selecting the default IFS time when fewer than m-1
data packets are received. An IFS timer is reset when
data packets are received  and a data packet is
transmitted after one of the default IFS time or the
second  IFS time. [00351 In still other features, the
wireless network device is transitioned  between an
active mode and an inactive mode. The step of
transitioning  includes transitioning the wireless
network device to the active mode prior to a
scheduled beacon time. The step of transitioning
includes transitioning the  wireless network device to
the inactive mode after transmitting a data packet.
The wireless network device is transitioned to the
inactive mode after N wireless  network devices
transmit a data packet, wherein N is a number of
wireless  network devices in a wireless network
including the wireless network device.  The wireless
network device is transitioned to the inactive mode
after an idle time  on a wireless network including
the wireless network device that is greater than a
largest available IFS time. The beacon is transmitted
to a plurality of wireless  network devices. [0036] In
other features, a computer program executed by a
processor  comprises transmitting and receiving data
packets, periodically transmitting or  receiving a
beacon, determining a transmission position m and a
default IFS time  based on the beacon, selecting a
second IFS time when a first wireless network 13
device receives a data packet from a second wireless
network device having a  transmission position m-1,
and selecting the default IFS time when the first  



wireless network device does not receive a data packet
from the second wireless  network device. [0037] In
still other features, the second IFS time is less than
or equal  to the default IFS time. A data packet is
transmitted after one of the default IFS  time or the
second IFS time. The first wireless network device is
transitioned  between an active mode and an inactive
mode. The step of transitioning  includes
transitioning the first wireless network device to the
active mode prior to  a scheduled beacon time. The
step of transitioning includes transitioning the first
wireless network device to the inactive mode after the
first wireless network  device transmits the data
packet. The transmission position m=2 and the second
IFS time is equal to a default IFS time of the second
wireless network device. [0038] In other features, a
wireless network device in a wireless  network that
includes a plurality of wireless network devices
comprises an RF  transceiver that transmits and
receives data packets and that periodically  transmits
or receives a beacon. A control module communicates
with the RF  transceiver, determines a group
identifier and a station identifier based on the
beacon, and selects one of a default IFS time and a
second IFS time based on a  data packet received.
[0039] In still other features, the control module
selects one of the  default IFS time and the second
IFS time based on the data packet received and  at
least one of the group identifier and/or the station
identifier. The second IFS 14 time is less than or
equal to the default IFS time. The control module
determines  a group identifier x and a station
identifier y based on the beacon. The control  



module selects the second IFS time when the data
packet is received from a  second wireless network
device having a group identifier x-1 and a station
identifier y. The control module selects the second
IFS time when the data  packet is received from a
second wireless network device having a group
identifier less than x and a station identifier y. The
control module selects the  default IFS time when the
data packet is received from a second wireless
network device having a group identifier x and a
station identifier other than y. [0040] In still other
features, a group IFS time is based on the group
identifier, a delta IFS time is based on the station
identifier, and the default IFS  time is a sum of the
group IFS time and the delta IFS time. The device
transmits  a data packet after one of the default IFS
time or the second IFS time. A power  management
module that transitions the wireless network device
between an  active mode and an inactive mode. The
power management module transitions  the wireless
network device to the active mode prior to a scheduled
beacon time.  The power management module transitions
the wireless network device to the  inactive mode
after the RIF transceiver transmits the data packet. A
coordinator  device periodically transmits the beacon
to the RF transceiver. [0041] In other features, a
wireless network device in a wireless  network that
includes a plurality of wireless network devices
comprises  transmitting and receiving means for
transmitting and receiving data packets and  for
periodically transmitting or receiving a beacon and
control means for 15 communicating with the
transmitting and receiving means, for determining a
group identifier and a station identifier based on the
beacon, and for selecting  



one of a default IFS time and a second IFS time based
on a data packet  received. [0042] In still other
features, the control means selects one of the
default IFS time and the second IFS time based on the
data packet received and  at least one of the group
identifier and/or the station identifier. The second
IFS  time is less than or equal to the default IFS
time. The control means determines  a group identifier
x and a station identifier y based on the beacon. The
control  means selects the second IFS time when the
data packet is received from a  second wireless
network device having a group identifier x-1 and a
station  identifier y. The control means selects the
second IFS time when the data  packet is received from
a second wireless network device having a group
identifier less than x and a station identifier y. The
control means selects the  default IFS time when the
data packet is received from a second wireless
network device having a group identifier x and a
station identifier other than y. [0043] In still other
features, a group IFS time is based on the group
identifier, a delta IFS time is based on the station
identifier, and the default IFS  time is a sum of the
group IFS time and the delta IFS time. The device
transmits  a data packet after one of the default IFS
time or the second IFS time. The  wireless network
device further comprises power management means for
transitioning the wireless network device between an
active mode and an  inactive mode. The power
management means transitions the wireless network 16
device to the active mode prior to a scheduled beacon
time. The power  management means transitions the
wireless network device to the inactive mode  



after the device transmits the data packet. [00"] In
other features, a method for transmitting and
receiving data  with a first wireless network device
in a wireless network that includes a plurality  of
wireless network devices comprises transmitting and
receiving data packets,  periodically transmitting or
receiving a beacon, determining a group identifier and
a station identifier based on the beacon, and
selecting one of a default IFS time  and a second IFS
time based on a data packet received. [0045] In still
other features, the step of selecting includes
selecting  one of the default IFS time and the second
IFS time based on the data packet  received and at
least one of the group identifier and/or the station
identifier. The  second IFS time is less than or equal
to the default IFS time. A group identifier x  and a
station identifier y are determined based on the
beacon. The step of  selecting includes selecting the
second IFS time when the data packet is  received from
a second wireless network device having a group
identifier x-1 and  a station identifier y. The step
of selecting includes selecting the second IFS  time
when the data packet is received from a second
wireless network device  having a group identifier
less than x and a station identifier y. The step of
selecting includes selecting the default IFS time when
the data packet is received  from a second wireless
network device having a group identifier x and a
station  identifier other than y. 17 [0046] In still
other features, a group IFS time is based on the group
identifier, a delta IFS time is based on the station
identifier, and the default IFS  time is a sum of the
group IFS time and the delta IFS time. A data packet
is  



transmitted after one of the default IFS time or the
second IFS time. The first  wireless network device is
transitioned between an active mode and an inactive
mode. The step of transitioning includes transitioning
the first wireless network  device to the active mode
prior to a scheduled beacon time. The step of
transitioning includes transitioning the wireless
network device to the inactive  mode after
transmitting the data packet. [0047] In other
features, a computer program executed by a processor
comprises transmitting and receiving data packets,
periodically transmitting or  receiving a beacon,
determining a group identifier and a station
identifier based  on the beacon, and selecting one of
a default IFS time and a second IFS time  based on a
data packet received. [0048] In still other features,
the step of selecting includes selecting  one of the
default IFS time and the second IFS time based on the
data packet  received and at least one of the group
identifier and/or the station identifier. The  second
IFS time is less than or equal to the default IFS
time. A group identifier x  and a station identifier y
are determined based on the beacon. The step of
selecting includes selecting the second IFS time when
the data packet is  received from a wireless network
device having a group identifier x-1 and a  station
identifier y. 18 [0049] In still other features, the
step of selecting includes selecting the  second IFS
time when the data packet is received from a wireless
network  device having a group identifier less than x
and a station identifier y. The step of  selecting
includes selecting the default IFS time when the data
packet is received  



from a wireless network device having a group
identifier x and a station identifier  other than y. A
group IFS time is based on the group identifier, a
delta IFS time  is based on the station identifier,
and the default IFS time is a sum of the group  IFS
time and the delta IFS time. A data packet is
transmitted after one of the  default IFS time or the
second IFS time. [0050] In still other features, a
wireless network device is transitioned  between an
active mode and an inactive mode. The step of
transitioning  includes transitioning the wireless
network device to the active mode prior to a
scheduled beacon time. The step of transitioning
includes transitioning the  wireless network device to
the inactive mode after transmitting the data packet.
[00511 In still other features, the systems and
methods described  above are implemented by a computer
program executed by one or more  processors. The
computer program can reside on a computer readable
medium  such as but not limited to memory,
non-volatile data storage and/or other suitable
tangible storage mediums. [0052] Further areas of
applicability of the present invention will  become
apparent from the detailed description provided
hereinafter. It should be  understood that the
detailed description and specific examples, while
indicating 19 the preferred embodiment of the
invention, are intended for purposes of illustration
only and are not intended to limit the scope of the
invention. BRIEF DESCRIPTION OF THE DRAWINGS [0053]
The present invention will become more fully
understood from  the detailed description and the
accompanying drawings, wherein: 



[0054] FIG. 1 is a functional block diagram of a
wireless network that is  configured in an
infrastructure mode and that includes one or more
client stations  and an access point (AP) according to
the prior art; [0055] FIG. 2 is a functional block
diagram of a wireless network that is  configured in
an ad-hoc mode and that includes multiple client
stations according  to the prior art; [0056] FIG. 3 is
a functional block diagram of a wireless gaming
network that is configured in an infrastructure mode
wireless local area network  (LAN) according to the
present invention; [0057] FIG. 4 is a functional block
diagram of an AP for a console in a  wireless gaming
network that includes an SOC and a radio frequency
(RF)  transceiver according to the present invention;
[0058] FIG. 5 is a functional block diagram of a
wireless network device  according to the present
invention; [0059] FIG. 6 is a timing diagram that
illustrates client station TDIVI  protocol delta times
in a wireless LAN according to the prior art; 20
[0060] FIG. 7A is a timing diagram that illustrates
client station IFS  times in a wireless LAN according
to a first implementation of the present  invention;
[0061] FIG. 7B is a timing diagram that illustrates
client station IFS  times in a wireless LAN according
to a first implementation of the present  invention;
[0062] FIG. 7C is a timing diagram that illustrates
client station IFS  



times in a wireless LAN according to a first
implementation of the present  invention; [0063] FIG.
7D is a timing diagram that illustrates client station
IFS  times in a wireless LAN according to a first
implementation of the present  invention; [0064] FIG.
8 is a flowchart that illustrates steps performed by a
wireless network device to select client station IFS
times according to a first  implementation of the
present invention. [0065] FIG. 9A is a timing diagram
that illustrates client station IFS  times in a
wireless LAN according to a second implementation of
the present  invention; [0066] FIG. 9B is a timing
diagram that illustrates client station IFS  times in
a wireless LAN according to a second implementation of
the present  invention; 21 [0067] FIG. 9C is a timing
diagram that illustrates client station IFS  times in
a wireless LAN according to a second implementation of
the present  invention; [0068] FIG. 10 is a flowchart
that illustrates steps performed by a  wireless
network device to select client station IFS times
according to a second  implementation of the present
invention; [0069] FIG. 11A is a timing diagram that
illustrates client station IFS  times in a wireless
LAN according to a third implementation of the present
invention; 



[0070] FIG. 11 B is a timing diagram that illustrates
client station IFS  times in a wireless LAN according
to a third implementation of the present  invention;
[0071] FIG. 11C is a timing diagram that illustrates
client station IFS  times in a wireless LAN according
to a third implementation of the present  invention;
[0072] FIG. 11 D is a timing diagram that illustrates
client station IFS  times in a wireless LAN according
to a third implementation of the present  invention;
[0073] FIG. 12 is a flowchart that illustrates steps
performed by a  wireless network device to select
client station IFS times according to a third
implementation of the present invention; [0074] FIG.
13A is a functional block diagram of a high definition
television; 22 [0075]FIG. 13B is a functional block
diagram of a vehicle control system; [0076]FIG. 13C is
a functional block diagram of a cellular phone; and
[00771FIG. 13D is a functional block diagram of a set
top box. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS  [0078] The following description of the
preferred embodiment(s) is merely exemplary in nature
and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the
same reference numbers will be  used in the drawings
to identify similar elements. As used herein, the term



module and/or device refers to an application specific
integrated circuit (ASIC),  an electronic circuit, a
processor (shared, dedicated, or group) and memory
that  execute one or more software or firmware
programs, a combinational logic  circuit, and/or other
suitable components that provide the described
functionality. [0079] An inter-frame space (IFS) time
is a minimum time that a station  waits after the
communication medium becomes free prior to
transmitting data.  To minimize power consumption, the
wireless protocol according to the present  invention
allows stations to use shorter and/or constant IFS
times with no random  backoff periods. By preventing
collisions while eliminating the need for random
backoff periods and by maintaining short IFS times for
every station, the average  awake time and the power
consumption of all of the stations is reduced. A
wireless network operating in either an infrastructure
mode or an ad hoc mode  may implement the wireless
protocol as described herein. 23 [0080] In some types
of networks, most or all of the stations need to
transmit data regularly, for example, at each beacon
interval. One example of  this type of network is a
wireless console gaming application. Since most or all
of the stations transmit frames to one or more other
stations during each beacon  interval, a master
station determines a station access sequence after
each  beacon transmission. The master station can vary
the station access sequence  by randomizing or
rotating the order following each beacon transmission.
The  IFS time for each station is dependent partly
upon the access sequence and  partly upon frames
previously received in a particular beacon period. In
this  manner, a given client station will transmit
data according to a first IFS time  



during a first beacon interval, and according to a
second or different IFS time  during a second beacon
interval. [0081] In a wireless gaming network
operating in the infrastructure or  ad hoc mode, all
client stations transmit frames to every other client
station  during each beacon interval. The IFS times of
each client station dictate a client  access sequence
for a given beacon interval. The client station access
sequence is varied by randomizing or rotating the IFS
times among the client  stations following each beacon
transmission. In this manner, a given client  station
will transmit data according to a first IFS time
during a first beacon  interval, and according to a
second IFS time during a second beacon interval.
[0082] Referring now to Figure 3, a wireless gaming
network 30  includes a host gaming device 32 and one
or more client gaming devices 34.  The client gaming
devices 34 include wireless local area network (WLAN)
24 hardware and operate as client stations in an
infrastructure mode network. The  host gaming device
32 also includes wireless LAN hardware and operates as
an  access point (AP) in the wireless gaming network.
The wireless gaming network  allows for greater
mobility of the client gaming devices 34 and conserves
operating power by reducing the overall duration of
the active mode. Those  skilled in the art can
appreciate that the host gaming device 32 and the
client  gaming devices 34 may be a game console and
wireless input devices,  respectively, or any other
suitable implementation of an AP and one or more
wireless client stations. Alternatively, the wireless
gaming network 30 excludes  the host gaming device 32
and operates in an ad hoc mode. 



[0083] Referring now to Figure 4, an exemplary AP 14
for a host  gaming device 32 includes a system on chip
(SOC) 34. The SOC 34 includes a  baseband processor
(1313P) 42, a media access control (MAC) device 44,
and  other SOC components, identified collectively at
46, including interfaces,  memory, and/or processors.
A radio frequency (RF) transceiver 48 along with  the
BBP 42 communicates with the MAC device 44. The RF
transceiver 48  transmits/receives data to/from client
stations in the wireless LAN. Since the AP  14 may
have data that is intended for the client stations
during the low power  mode, the MAC device 44 includes
a buffer 50. The MAC device 44 stores data  that is
intended for the client stations in the buffer 50
until the client stations enter  the active mode. As
illustrated in Figure 1, the AP 14 may be a node in a
network 18 that includes other nodes such as a server
20 and may be connected  to a distributed
communications system 22 such as the Internet. 25
[0084] Each client gaming device 34 includes an
exemplary wireless  network device 60 as shown in
Figure 5. The wireless network device 60  according to
some implementations of the present invention is shown
to include  an RIF transceiver module 62, a baseband
processor module 64, a power and  clock module 66, a
MAC module 68, and a power management module 70. The
RF transceiver 62 includes a receiver 72 and a
transmitter 74. While not shown,  the network device
60 can also include a processor and other standard
components. [0085] A frequency synthesizer 76 includes
a phase locked loop (PILL)  78 that receives a first
reference frequency from an oscillator such as a
crystal  



oscillator 80. The frequency synthesizer 76 also
contains a voltage controlled  oscillator (VCO) 82,
which provides an adjustable frequency output based on
an  input signal thereto. The frequency synthesizer 76
generates RF and IF output  signals for the receiver
and transmitter 72 and 74, respectively. [0086] During
receiver operation, an input of a low noise amplifier
(LNA) 84 receives signals from an antenna (not shown),
amplifies the signals and  outputs them to the
receiver 72. During transmitter operation, an output
of the  transmitter 74 is received by a power
amplifier (PA) 86, which outputs amplified  signals to
the antenna. [0087] On the receiver side, the BBP 64
includes an analog to digital  converter (ADC) 88 that
receives signals from the receiver 72. The ADC 88
communicates with a demodulator 90, which demodulates
the signals. An output  of the demodulator 90
communicates with an external interface 92, which 26
communicates with the MAC 68. On the transmitter side,
the MAC 68 sends  signals to the external interface
92, which are modulated by a modulator 94 and  output
to a digital to analog converter (DAC) 96. The DAC: 96
outputs signals to  the transmitter 74. The BBP 64
also may include a PLL (not shown).  Alternatively,
the ADC 88 and the DAC 96 may be located on the RF
transceiver 62. [0088] The power and clock module 66
includes a multi-level voltage  source 98 that
receives an input voltage such as VIDID and a mode
signal and  outputs two or more voltage levels. The
power and clock module 66 also  includes a low power
(LP) oscillator 100. The power management module 70  



along with the MAC module 68 and processor (not shown)
selects an operating  mode of the wireless network
device 60. The operating modes include active  and
inactive (i.e. low power) modes, although additional
modes may be provided.  The power management module 70
may also be located in the MAC module 68  or the power
and clock module 66. [0089] An optional calibration
module 102 that is associated with the  power
management module 70 is optionally used to calibrate
the duration of the  inactive mode. The calibration
module 102 receives an output of the LP  oscillator
100 and a PLL 104 and calibrates a value of a counter
106 that is used  to calculate the duration of the
inactive mode. The calibration can be performed
periodically, on an event basis, randomly, before
transitioning to the inactive  mode and/or on any
other suitable basis. Alternatively, the calibration
module  102 may be omitted from the wireless network
device 60. 27 [0090] The power and clock module 66
further includes current and  voltage bias circuits
108 and 110, respectively, that provide current and/or
voltage biases to various circuits and/or modules
(connections not shown) in the  wireless network
device 60. The current bias circuit 108 may include
one or  more off-chip calibration resistors (not
shown) and the voltage bias circuit may  include one
or more on-chip resistors (not shown). A band gap
voltage reference  112 may be used to bias the current
bias circuit 108. [0091] A clock data recovery (CDR)
module 114 performs clock  recovery and includes
analog and digital modules 116 and 118, respectively,
or  only digital modules. An output of the phase lock
loop (PLL) 104 is coupled to  



the CDR module 114. [0092] Referring to now Figure 6,
an exemplary TDM timing diagram  120 according to the
prior art is illustrated. One or more client stations
enter the  active mode prior to the transmission of a
beacon signal 122. In a wireless  network operating in
the infrastructure mode, the AP transmits the beacon
signal  122. In the ad hoc mode, however, one of the
client stations transmits the  beacon signal. The
client stations attempt to transmit data according to
assigned  delay times following the reception of the
beacon and during an awake interval  124 that is
defined by the beacon signal 122. [0093] Delay, or
delta, times for each client station can be varied
each  beacon interval. For example, the default delay
times may be carried in the  beacon signal 122. As a
result, the station access sequence for the client
stations varies with each beacon interval. The client
stations wait the delay time 28 after the transmission
medium becomes free before transmitting data. When
transmission of a data frame or packet over the medium
is complete, the device  that receives the data packet
may transmit an acknowledgment data packet if the
destination of the packet is a single receiver. [0094]
A first client station waits a first delta time 1 as
illustrated at 126.  Second, third, and nth client
stations begin waiting second, third,..., and nth
delta  times, respectively. Since the delta time 1 is
the shortest, it terminates first. The  first client
station transmits a data packet as illustrated at 128.
While the first  client station transmits a data
packet at 128, the remaining client stations are still
waiting for their corresponding delta times. In other
words, the transmission of  



the first client station at 128 occurs while the
remaining client stations are still  waiting for their
respective delta times to expire. Therefore, the
second client  station waits the second delta time 2
(the next shortest delta time) as illustrated  at 130.
The second client station then transmits a data packet
as illustrated at  132. The third client station waits
the third delta time 3 as illustrated at 134, and
then transmits a data packet as illustrated at 136.
The nth client station waits the  nth delta time n as
illustrated at 138, and then transmits a data packet
as  illustrated at 139. [0095] In subsequent beacon
intervals (not shown), the delta times of  each
station can be varied. For example, the nth client
station may operate  according to the first delta time
1, and the first client station may operate  according
to the third delta time 3. Similarly, the delta times
of the remaining  client stations are varied. Those
skilled in the art can appreciate that the delta 29
times, and therefore the station access sequence, may
be varied sequentially,  randomly, or in any other
suitable manner. [0096] The client stations transition
to the low power mode after all  client stations
complete transmission as illustrated by the
termination of the  awake interval 124. For example,
in a wireless gaming network operating in the
infrastructure or ad hoc mode, each client station
remains awake in order to  receive all data packets
from other client stations in the network. [0097]
Alternatively, each client station transitions to the
low power  mode immediately after transmitting a data
packet. For example, in a wireless  gaming console
operating in the infrastructure mode, wireless input
devices  



operating as client stations may transition to the low
power mode immediately  after transmitting data to the
console (AP). Since the station access sequence
varies following each beacon interval, the first,
second, third, and nth client  stations consume
approximately the same average power over time. [0098]
Referring now to Figures 7A through 7D, a timing
diagram 140  illustrates a first implementation of the
present invention. Each client station is  assigned a
default unique IFS time 1, 2, 3,..., n as opposed to
the unique delta  times described with respect to
Figure 6. The unique IFS times cause the  stations to
transmit in the order of ascending IFS, similar to the
effect of the delta  times described in FIG. 6.
However, the IFS times measure a time since the
transmission media becomes free rather than a fixed
time since the beacon  transmission 122. In this
manner, each client station waits a unique IFS time 30
after the beacon transmission 122 and/or after a
previous client station  completes transmission.
[0099] The client stations follow one or more rules
during each beacon  interval to determine whether to
wait the assigned default IFS time or a shorter
alternative IFS time. In one implementation, if a
client station receives an  expected number of data
packets of a particular type (i.e. all preceding
client  stations have transmitted), then that client
station waits the alternative IFS time.  In typical
wireless gaming applications, each client station has
a single data  packet to transmit to all other client
stations. However, a client station may have  more
than one data packet type to transmit during a beacon
interval. For  example, a client gaming device may
transmit a control data packet to a host  



gaming device, and then transmit a gaming data packet
to all other client gaming  devices. Therefore,
subsequent client gaming devices would expect to
receive  the gaming data packet, but not the control
data packet. [0100] Referring now to Figure 7A, if a
given client station receives  data packets from all
previously transmitting client stations, the client
station  waits the IFS time 1. The IFS time 1 is the
default IFS time of the first client  station as
illustrated at 142. The first client station waits the
first IFS time 1 and  transmits a data packet as
illustrated at 144. The second client station is
second  in the station access sequence according to
the IFS time 2, and therefore only  expects to receive
the data packet from the first client station (i.e.
one data  packet of an expected type) prior to
transmitting. If the second client station  receives
the data packet from the first client station, the
second client station 31 waits the IFS time 1 as
illustrated at 146, and transmits a data packet as
illustrated at 148. [0101] In other words, because the
first client station already  transmitted data during
this beacon interval, there is no danger that
collision will  occur between the first client station
and the second client station at IFS time 1.  The
third client station is third in the station access
sequence, and therefore  expects to receive two data
packets prior to transmitting. If the third client
station  receives the data packets from the first and
second client stations, the third client  station
waits the IFS time 1 as illustrated at 150 and
transmits a data packet as  illustrated at 152. The
nth client station operates analogously and waits the
IFS  time 1 as illustrated at 154 before transmitting
a data packet as illustrated at 156.  



In subsequent beacon intervals, the IFS times are
varied as described above, but  the clients stations
continue to follow the one or more rules for
alternative IFS  times. [0102] In this manner, data is
exchanged between all client stations  more quickly,
and the overall awake time of the client stations is
reduced,  minimizing power consumption. Additionally,
since the percentage of time  required for all
stations to transmit their data is reduced, there is a
greater  likelihood that all stations will be able to
transmit each beacon interval when  competing for the
medium with other WLAN networks. As described above
and  in Figure 7A, the awake interval 124 is
significantly reduced if most or all client  stations
transmit and receive properly. 32 [0103] Referring now
to Figure 7B, the timing diagram 140  illustrates
operation of the client stations when one client
station does not receive  a data packet from a
preceding client station. The first client station
transmits a  data packet after IFS time 1 as
illustrated at 158. However, the second client
station does not properly receive the data packet from
the first client station. For  example, the second
client station may not receive the data packet due to
noise  or other network problems. Therefore, the
second client station waits the IFS  time 2 as
illustrated at 160 prior to transmitting a data packet
as illustrated at  162. The third and nth client
stations properly receive all preceding data packets
and wait the IFS time 1 prior to transmitting as
illustrated at 164 and 166,  respectively. [0104]
Referring now to Figure 7C, the timing diagram 140  



illustrates operation of the client stations when
client stations 3 and above do not  receive a data
packet from a preceding client station. The first
client station  transmits a data packet after the IFS
time 1 as illustrated at 170. The second  client
station receives the data packet and transmits after
the IFS time 1 as  illustrated at 172. The third and
nth client stations do not receive the data packet
from the second client station. For example, noise may
corrupt the transmission  from the second client
station. Therefore, the third and nth client stations
are not  able to use IFS time 1, and use the default
IFS times 3, and n, respectively. [0105]
Alternatively, the second client station may be absent
from  the network and/or fail to transmit altogether
as shown in Figure 7D. The first  client station
transmits a data packet after the IFS time 1 as
illustrated at 174. 33 The second client station does
not transmit a data packet. Therefore, the third
client station waits the default IFS time 3 after the
first client station completes  transmission as
illustrated at 176. The third client station transmits
a data packet  after the IFS time 3 as illustrated at
178. Similarly, the nth client station waits the
default IFS time n after an (n-1)th client station
completes transmission as  illustrated at 180, and
then transmits a data packet as illustrated at 182.
[0106] Referring now to Figure 8, a first IFS time
selection method  184 begins in step 186. In step 188,
the client stations enter the active mode  prior to
receiving a beacon transmission. In step 190, the
client stations receive  the beacon signal. The beacon
signal includes data that determines the default  IFS
times of the client stations. In the present
implementation, the beacon signal  may also indicate a
slot m within the station access sequence for each
client  



station. Alternatively, the beacon signal may include
a single value that indicates  both the default IFS
time and the slot m of each client station. For
example, the  beacon signal may include a timer
synchronization function (TSF) value that  indicates
the default IFS time and/or the slot m of the client
station. In step 192,  a client station determines
whether it received m-1 data packets of the correct
type. If true, the method 184 continues to step 194.
If false, the method 184  continues to step 196. In
step 194, the client station waits an alternative IFS
time  that is less than or equal to the default IFS
time. In step 196, the client station  waits the
default IFS time. [0107] In step 198, the client
station determines whether the IFS  time of step 194
or step 196 is up. If true, the method 184 continues
to step 200. 34 If false, the method 184 continues to
step 201. In step 201, the client station  determines
whether the transmission medium is free. If true, the
method 184  returns to step 198. If false, the method
184 continues to step 202. In step 202,  the client
station resets the IFS timer, and the method 184
returns to step 192. In  other words, the client
station continues to wait the IFS time for as long as
the  transmission medium is free. If the client
station detects activity on the  transmission medium,
the IFS timer resets. [0108] In step 200, the client
station transmits a data packet. In  step 203, the
method 184 determines whether the client station has
received  data packets from all the other client
stations in the wireless network, and/or  whether the
beacon interval will expire soon. If true, the method
184 continues to  step 206. If false, the method 184
returns to step 203 until all packets are  



received. In other words, if all stations have
completed transmission and/or the  beacon interval is
to expire soon, the method 184 continues to step 206.
Otherwise, the method 184 returns to step 203 and the
station waits while each  client station attempts to
transmit in this manner. In step 206, the client
station  enters the inactive mode. In step 207, the
method 184 starts an inactive mode  timer. In step
208, the method 184 determines whether the inactive
mode timer  is up. If true, the method 184 repeats for
subsequent beacon intervals and  returns to step 188.
If false, the method 184 returns to step 208. [0109]
Referring now to Figures 9A through 9C, the timing
diagram  210 illustrates a second implementation of
the present invention. If a client  station receives a
data packet of a particular type from the immediately
preceding 35 client station, the client station waits
an alternative IFS time before transmitting  data. If
the client station does not receive the particular
data packet from the  immediately preceding client
station, the client station waits the default IFS time
before transmitting data. In the present
implementation, each client station in the  network
maintains a table of MAC addresses for all other
client stations in the  network. In other words, each
client station is able to identify the data packet
received from an immediately preceding client station
based on its MAC address.  Additionally, each data
packet includes information that identifies its order
in the  station access sequence. In this manner, a
receiving client station is able to  determine if a
particular data packet was transmitted by the
immediately  preceding client station. [0110] If a
given client station receives the data packet from the



immediately preceding client station, the client
station waits the IFS time 1. If all  client stations
receive the data packet from the corresponding
immediately  preceding client station, all client
stations wait the IFS time 1 as shown previously  in
Figure 7A. Referring now to Figure 9A, the timing
diagram 210 illustrates  operation of the client
stations when one client station does not receive a
data  packet from an immediately preceding client
station. The first client station  transmits a data
packet after IFS time 1 as illustrated at 212.
However, the  second client station does not properly
receive the data packet from the first  client
station. Therefore, the second client station waits
the IFS time 2 prior to  transmitting a data packet as
illustrated at 214. The third client station properly
receives the data packet from the second client
station, and the nth client station 36 properly
receives the data packet from an (n-1)th station.
Therefore, the third  client station and the nth
client station wait the IFS time 1 before transmitting
data. [0111] Referring now to Figure 9B, the timing
diagram 210  illustrates operation of the client
stations when all subsequent client stations do  not
receive a data packet from a preceding client station.
The first client station  transmits a data packet
after IFS time 1 as illustrated at 216. The second,
third,  and nth client stations do not receive the
data packet from the first client station.  The second
client station waits the IFS time 2 prior to
transmitting a data packet  as illustrated at 218.
However, according to the present implementation, the
third  and nth client stations do not need to receive
the data packet from the first client  station in
order to use the IFS time 1. If the third client
station properly receives  



the data packet from the second client station, the
third client station uses IFS  time 1. Likewise, if
the nth client station receives the data packet from
the (n-l)th  client station, the nth client station
uses IFS time 1. [0112] Referring now to Figure 9C,
the timing diagram 210  illustrates operation of the
client stations when one client station stops
transmitting or disconnects from the wireless network.
The first client station  transmits a data packet
after IFS time 1 as illustrated at 220. The second
client  station does not transmit. Therefore, the
third client station transmits a data  packet after
waiting the IFS time 3 as illustrated at 222. If the
nth client station  properly receives the data packet
from the (n-l)th client station, the nth client
station uses IFS time 1. 37 [0113] As described above
in Figures 9A through 9C, subsequent  client stations
will use the alternative IFS time if the immediately
preceding client  station transmitted a particular
data packet. However, in certain situations,
collision may occur. For example, if the first client
station is not able to transmit a  data packet, the
second client station will transmit a data packet
after IFS time 2.  After the second client station
transmits the data packet, the third client station
will attempt to transmit a data packet after IFS time
1. However, the first client  station will wait until
the second client station completes transmission, and
also  attempt to transmit a data packet after IFS time
1, resulting in collision.  Therefore, although the
implementation described in Figures 9A through 9C
provides significant improvement in a noise-free
environment, it can be seen that  operation in certain
environments is undesirable. 



[0114] Referring now to Figure 10, a second IFS time
selection  method 224 begins in step 226. In step 228,
the client stations transition to the  active mode
prior to receiving a beacon transmission. In step 230,
the client  stations receive the beacon signal. The
beacon signal includes data that  determines the
default IFS times of the client stations, which
determines the slot  in the station access sequence
for each client station. In step 232, a client
station determines whether it received a data packet
from the client station in slot  m-1. If true, the
method 224 continues to step 234. If false, the method
224  continues to step 236. In step 234, the client
station waits an alternative IFS time  that is shorter
than the default IFS time. In step 236, the client
station waits the  default IFS time. 38 [0115] In step
238, the client station determines whether the IFS
time of step 234 or step 236 is up. If true, the
method 224 continues to step 240.  If false, the
method 224 continues to step 241. In step 241, the
client station  determines whether the transmission
medium is free. If true, the method 224  returns to
step 238. If false, the method 224 continues to step
242. In step 242,  the client station resets the IFS
timer, and the method 224 returns to step 232. [0116]
In step 240, the client station transmits a data
packet. In  step 243, the method 224 determines
whether the client station has received  data packets
from all other client stations in the wireless
network, and/or whether  the beacon interval will
expire soon. If true, the method 224 continues to step
246. If false, the method 224 returns to step 243
until all packets are received.  In other words, if
all stations have completed transmission and/or the
beacon  



interval is to expire soon, the method 224 continues
to step 246. Otherwise, the  method 224 returns to
step 243 and the station waits while each client
attempts  to transmit in this manner. In step 246, the
client station enters the inactive  mode. In step 247,
the method 224 starts an inactive mode timer. In step
248,  the method 224 determines if the inactive mode
timer is up. If true, the method  224 repeats for
subsequent beacon intervals and returns to step 228.
If false,  the method 224 returns to step 248. [0117]
Referring now to Figures 11A through 11D, the timing
diagram 250 illustrates a third implementation of the
present invention. The  client stations are divided
into two or more groups, and each client station
within  a group is assigned a default IFS time. In one
implementation, the default IFS 39 time for a
particular client station is equal to a group IFS time
plus an incremental  delta time to determine station
access sequence. Each group is assigned an IFS  group
number that determines a group IFS time IFSG1, IFSG2,
IFSG3,...,IFSGx.  Each client station in a particular
group is assigned an IFS station number that
determines an incremental delta time Al, A2,
A3,...,Aq. Therefore, each client  station is
associated with an IFS group number and an IFS station
number. [0118] If a client station properly receives a
data packet from a  corresponding client station of an
immediately preceding group, the client station  uses
the smallest IFS time of a corresponding client
station from which the client  station has properly
received a data packet. In other words, if the client
station is  associated with IFS station 1, the client
station uses the smallest IFS time of any  preceding
IFS station 1. 



[0119] Referring to Figure 1 1A, first and second
client stations are  stations 1 and 2 of a first group
and have default IFS times 1 and 2, respectively.  The
IFS time 1 is equivalent to a group IFS time IFSG1
plus an incremental delta  time Al, and the IFS time 2
is equivalent to the group IFS time IFSG1 plus an
incremental delta time A2. Third and fourth client
stations are stations 1 and 2 of  a second group and
have default IFS times 3 and 4, respectively. The IFS
time 3  is equivalent to a group IFS time IFSG2 plus
the incremental delta time Al, and  the IFS time 4 is
equivalent to the group IFS time IFSG2 plus the
incremental  delta time A2. Fifth and sixth client
stations are stations 1 and 2 of a third group  and
have default IFS times 5 and 6, respectively. The IFS
time 5 is equivalent to 40 a group IFS time IFSG3 plus
the incremental delta time Al, and the IFS time 6 is
equivalent to the group IFS time IFSG3 plus the
incremental delta time A2. [0120] Each successive
group IFS time is greater than the  preceding group
IFS time plus an incremental delta time Aq. For
example, the  group IFS time IFSG2 is greater than the
group IFS time IFSGI time plus an  incremental delta
time Aq. Similarly, the group IFS time IFSG3 is
greater than  the group IFS time IFSG2 plus the
incremental delta time Aq. In this manner, the  client
stations in subsequent groups have longer default IFS
times than the client  stations of preceding groups.
Therefore, collisions between client stations of
different groups is avoided. [0121] The first client
station transmits a data packet after the IFS  time 1
as illustrated at 252. As described above, the IFS
time 1 is equivalent to  the group IFS time IFSG1 plus
the incremental delta time Al as illustrated at 253.  



The first, third, and fifth client stations are all
associated with IFS station number  1. Therefore, if
the third client station receives the data packet from
the first  client station, the third client station
reuses the IFS time 1 of the first client station  as
illustrated at 254. If the fifth client station
receives the data packets from the  first and third
client stations, the fifth client station reuses
either the IFS time 1 or  the IFS time 3, whichever is
smaller. In the present example, the fifth client
station reuses the IFS time 1 as illustrated at 256.
The second client station  transmits a data packet
after the IFS time 2 as illustrated at 258. The IFS
time 2  is equivalent to the group IFS time IFSG1 plus
the incremental delta time A2 as  illustrated at 259.
The fourth client station receives the data packet
from the 41 second client station and reuses the IFS
time 2 of the second client station as  illustrated at
260. The sixth client station receives the data
packets from the  second and fourth client stations,
and therefore reuses the IFS time 2 or the IFS  time
4. In the present example, the sixth client station
reuses the IFS time 2 as  illustrated at 262. [0122]
Referring now to Figure 11 B, the timing diagram 250
illustrates the operation of the client stations in
the event that a client station does  not properly
receive a data packet from a corresponding client
station in a  preceding group. The first client
station transmits a data packet after the IFS  time 1
as illustrated at 264. The third client station
receives the data packet from  the first client
station and transmits a data packet after the IFS time
1 as  illustrated at 266. The fifth client station
receives the data packets from the first  and third
client stations and transmits a data packet after the
IFS time 1 as  



illustrated at 268. The second client station
transmits a data packet after the IFS  time 2 as
illustrated at 270. The fourth client station does not
properly receive  the data packet from the second
client station. Therefore, the fourth client station
is not able to reuse the IFS time 2 of the second
client station, and transmits a  data packet after the
IFS time 4 as illustrated at 272. The IFS time 4 is
equivalent to the group IFS time IFSG2 plus the
incremental delta time A2 as  illustrated at 273. The
sixth client station receives the data packets from
the  second client station and the fourth client
station. The sixth client station is able  to reuse
either the IFS time 2 or the IFS time 4, whichever is
smaller. Therefore,  the sixth client station reuses
the IFS time 2 as illustrated at 274. 42 [0123]
Referring now to Figure 11C, the timing diagram 250
illustrates the operation of the client stations in
the event that multiple client  stations do not
properly receive a data packet from a corresponding
client station  in a preceding group. In the present
example, the fourth, fifth, and sixth client  stations
do not properly receive the data packet from the third
client station. The  first and third client stations
use the IFS time 1 as described above. However,  the
fifth client station does not properly receive the
data packet from the third  client station, and
therefore waits IFS time 5. The second client station
waits IFS  time 2, which is shorter than IFS time 5.
Therefore, the second client station  preempts the
fifth client station and transmits after IFS time 2 as
illustrated at  276. The fourth and sixth client
stations reuse the IFS time 2 of the second client
station. After the transmission medium is free
following the transmission from the  sixth client
station, the fifth client station transmits a data
packet after IFS time 5  



as illustrated at 278. The IFS time 5 is equivalent to
the group IFS time IFSG3  plus the incremental delta
time Al as illustrated at 279. [0124] Referring now to
Figure 11 D, the timing diagram 250  illustrates the
operation of the client stations in the event that one
or more client  stations stop transmitting on the
network. In the present example, the second  client
station is no longer transmitting data packets. The
first, third, and fifth  client stations transmit data
packets after the IFS time 1 as described in previous
examples. The fourth client station does not receive a
data packet from the  second client station, and
therefore transmits a data packet after the IFS time 4
as illustrated at 280. The sixth client station
receives the data packet from the 43 fourth client
station, and is able to reuse the IFS time 4 of the
fourth client station  as illustrated at 282. [0125]
Referring now to Figure 12, a third IFS time selection
method  290 begins in step 292. In step 294, the
client stations come awake prior to  receiving a
beacon transmission. In step 296, the client stations
receive the  beacon signal. The beacon signal includes
data that determines group and  station identification
numbers for each client station as described with
reference  to Figures 11A through 11C, as well as
corresponding default IFS times  according to the
group IFS time plus the incremental delta time.
Alternatively,  the group and station identification
numbers are pre-assigned. In step 298, a  client
station determines whether it received data packets
from one or more client  stations with a corresponding
station identification number in a preceding group
and received a data packet from the client station
with the corresponding station  



identification number in the immediately preceding
group. If true, the method 290  continues to step 300.
If false, the method continues to step 302. In step
300,  the client station reuses the shortest IFS time
of a preceding client station having  the same station
identification number from which the client station
successfully  received a data packet. In step 302, the
client station waits the default IFS time. [0126] In
step 304, the client station determines whether the
IFS  time of step 300 or step 302 is up. If true, the
method 290 continues to step 306.  If false, the
method 290 continues to step 308. In step 308, the
client station  determines whether the transmission
medium is free. If true, the method 290 44 returns to
step 304. If false, the method 290 continues to step
310. In step 310,  the client station resets the IFS
timer, and the method 290 returns to step 298. [0127]
In step 306, the client station transmits a data
packet. In  step 312, the method 290 determines
whether the client station has received  data packets
from all other client stations in the wireless
network, and/or whether  the beacon interval will
expire soon. If true, the method 290 continues to step
318. If false, the method 290 returns to step 312
until all packets are received.  In other words, if
all stations have completed transmission and/or the
beacon  interval is to expire soon, the method 290
continues to step 318. Otherwise, the  method 290
returns to step 312 and each client station attempts
to transmit in  this manner. In step 318, the client
station enters the inactive mode. In step  320, the
method 290 starts an inactive mode timer. In step 322,
the method 290  determines whether the inactive mode
timer is up. If true, the method 290  repeats for
subsequent beacon intervals and returns to step 294.
If false, the  



method 290 repeats step 322. [0128] Those skilled in
the art can appreciate that any suitable
implementations of the methods described in Figures 7
through 12 can be  combined. In one implementation,
referring to Figures 11A through 11D, a  subsequent
client station may automatically reuse the IFS time of
the  corresponding client station from the immediately
preceding group. In another  implementation, a
subsequent client station may reuse the shortest IFS
time of  any preceding client station provided that
the subsequent client station receives  data packets
from all preceding stations. However, if the
subsequent station 45 does not receives all data
packets, the subsequent station is still able to reuse
the IFS time of a corresponding client station. [0129]
Referring now to FIGs. 13A-13D, various exemplary
implementations of the present invention are shown.
Referring now to FIG. 13A,  the present invention can
be implemented in a high definition television (HDTV)
420. In particular, the present invention may
implement and/or be implemented  in a WLAN interface
of the HDTV 420. The HDTV 420 receives HDTV input
signals in either a wired or wireless format and
generates HDTV output signals  for a display 426. In
some implementations, signal processing circuit and/or
control circuit 422 and/or other circuits (not shown)
of the HDTV 420 may  process data, perform coding
and/or encryption, perform calculations, format  data
and/or perform any other type of HDTV processing that
may be required.  The HDTV 420 includes a power supply
423. [0130] The HDTV 420 may communicate with mass
data storage  



427 that stores data in a nonvolatile manner such as
optical and/or magnetic  storage devices. The HDTV 420
may be connected to memory 428 such as  RAM, ROM, low
latency nonvolatile memory such as flash memory and/or
other  suitable electronic data storage. The HDTV 420
also may support connections  with a WLAN via a WLAN
network interface 429. [0131] Referring now to FIG.
1313, the present invention may  implement and/or be
implemented in a WLAN interface of control system of a
vehicle 430. In some implementations, the present
invention implements a  powertrain control system 432
that receives inputs from one or more sensors 46 such
as temperature sensors, pressure sensors, rotational
sensors, airflow  sensors and/or any other suitable
sensors and/or that generates one or more  output
control signals such as engine operating parameters,
transmission  operating parameters, and/or other
control signals. The vehicle 430 includes a  power
supply 433. [01321 The present invention may also be
implemented in other  control systems 440 of the
vehicle 430. The control system 440 may likewise
receive signals from input sensors 442 and/or output
control signals to one or  more output devices 444. In
some implementations, the control system 440 may  be
part of an anti-lock braking system (ABS), a
navigation system, a telematics  system, a vehicle
telematics system, a lane departure system, an
adaptive cruise  control system, a vehicle
entertainment system such as a stereo, DVID, compact
disc and the like. Still other implementations are
contemplated. [0133] The powertrain control system 432
may communicate with  



mass data storage 446 that stores data in a
nonvolatile manner. The mass data  storage 446 may
include optical and/or magnetic storage devices. The
powertrain control system 432 may be connected to
memory 447 such as RAM,  ROM, low latency nonvolatile
memory such as flash memory and/or other  suitable
electronic data storage. The powertrain control system
432 also may  support connections with a WLAN via a
WLAN network interface 448. The  control system 440
may also include mass data storage, memory and/or a
WLAN  interface (all not shown). 47 [0134] Referring
now to FIG. 13C, the present invention can be
implemented in a cellular phone 450 that may include a
cellular antenna 451.  The present invention may
implement and/or be implemented in a WILAN  interface
of the cellular phone 450. In some implementations,
the cellular phone  450 includes a microphone 456, an
audio output 458 such as a speaker and/or  audio
output jack, a display 460 and/or an input device 462
such as a keypad,  pointing device, voice actuation
and/or other input device. Signal processing  and/or
control circuits 452 and/or other circuits (not shown)
in the cellular phone  450 may process data, perform
coding and/or encryption, perform calculations,
format data and/or perform other cellular phone
functions. The cellular phone  includes a power supply
453. [0135] The cellular phone 450 may communicate
with mass data  storage 464 that stores data in a
nonvolatile manner such as optical and/or  magnetic
storage devices. The cellular phone 450 may be
connected to memory  466 such as RAM, ROM, low latency
nonvolatile memory such as flash memory  



and/or other suitable electronic data storage. The
cellular phone 450 also may  support connections with
a WLAN via a WILAN network interface 468. [0136]
Referring now to FIG. 13D, the present invention can
be  implemented in a set top box 480. The present
invention may implement and/or  be implemented in a
WILAN interface of the set top box 480. The set top
box 480  receives signals from a source such as a
broadband source and outputs  standard and/or high
definition audio/video signals suitable for a display
488 such  as a television and/or monitor and/or other
video and/or audio output devices. 48 Signal
processing and/or control circuits 484 and/or other
circuits (not shown) of  the set top box 480 may
process data, perform coding and/or encryption,
perform  calculations, format data and/or perform any
other set top box function. The set  top box 480
includes a power supply 483. [0137] The set top box
480 may communicate with mass data  storage 490 that
stores data in a nonvolatile manner. The mass data
storage  490 may include optical and/or magnetic
storage devices such as hard disk  drives HIDD and/or
DVDs. The set top box 480 may be connected to memory
494 such as RAM, ROM, low latency nonvolatile memory
such as flash memory  and/or other suitable electronic
data storage. The set top box 480 also may  support
connections with a WLAN via a WLAN network interface
496. [0138] While the present invention has been
described in the  context of IEEE standards 802.11,
802.11a, 802.11b, 802.11g, 802.11h,  802.11n, 802.16,
and 802.20, the present invention has application to
other  current and future wireless protocols. 



[0139] Those skilled in the art can now appreciate
from the  foregoing description that the broad
teachings of the present invention can be  implemented
in a variety of forms. Therefore, while this invention
has been  described in connection with particular
examples thereof, the true scope of the  invention
should not be so limited since other modifications
will become apparent  to the skilled practitioner upon
a study of the drawings, the specification and the
following claims. 49 CLAIMS  1 A first wireless
network device in a wireless network that includes a
plurality of wireless network devices, comprising: an
RF transceiver that transmits and receives data
packets and that  periodically transmits or receives a
beacon; and a control module that communicates with
the RF transceiver, that  determines a transmission
position m and a default IFS time based on the
beacon, that selects a second IFS time when the RF
transceiver receives a data  packet from a second
wireless network device having a transmission position
m- 1, and that selects the default IFS time when the
RF transceiver does not receive  a data packet from
the second wireless network device. 2. The wireless
network device of Claim 1 wherein the second IFS time
is less than or equal to the default IFS time. 3. The
wireless network device of Claim 1 wherein the RF
transceiver transmits a data packet after one of the
default IFS time or the second IFS time. 4. The
wireless network device of Claim 3 further comprising
a power  



management module that transitions the wireless
network device between an  active mode and an inactive
mode. 50 5. The wireless network device of Claim 4
wherein the power  management module transitions the
wireless network device to the active mode  prior to a
scheduled beacon time. 6. The wireless network device
of Claim 5 wherein the power  management module
transitions the wireless network device to the
inactive mode  after the RF transceiver transmits the
data packet. 7. A wireless network comprising the
wireless network device of Claim  4 and further
comprising N-1 wireless network devices wherein the
power  management module transitions the wireless
network device to the inactive mode  after all of the
N wireless network devices transmit a data packet. 8.
A wireless network comprising the wireless network
device of Claim  1 and further comprising a
coordinator device that periodically transmits the
beacon to the RF transceiver. 9. The wireless network
device of Claim 1 wherein m=2 and the  second IFS time
is equal to a default IFS time of the second wireless
network  device. 51 10. A method for transmitting and
receiving data with a first wireless  network device
in a wireless network that includes a plurality of
wireless network  devices, comprising: transmitting
and receiving data packets;  



periodically transmitting or receiving a beacon;
determining a transmission position m and a default
IFS time based  on the beacon; selecting a second IFS
time when the first wireless network device  receives
a data packet from a second wireless network device
having a  transmission position m-1; and selecting the
default IFS time when the first wireless network
device  does not receive a data packet from the second
wireless network device. 11. The method of Claim 10
wherein the second IFS time is less than or equal to
the default IFS time. 12. The method of Claim 10
further comprising transmitting a data packet after
one of the default IFS time or the second IFS time.
13. The method of Claim 12 further comprising
transitioning the first wireless network device
between an active mode and an inactive mode. 52 14.
The method of Claim 13 wherein the step of
transitioning includes  transitioning the first
wireless network device to the active mode prior to a
scheduled beacon time. 15. The method of Claim 14
wherein the step of transitioning includes
transitioning the first wireless network device to the
inactive mode after the first  wireless network device
transmits the data packet. 16. The method of Claim 13
wherein the wireless network includes N  wireless
network devices, the method further comprising
transitioning the first  wireless network device to
the inactive mode after all of the N wireless network



devices transmit a data packet. 17. The method of
Claim 10 wherein m=2 and the second IFS time is equal
to a default IFS time of the second wireless network
device. 53 




