NEW W.AN TDM PROTOCOL 159159 CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application cI ai s
the benefit of U S. Provisional Application
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i ncorporated herein by reference. FIELD OF THE

| NVENTI ON [ 0002] The present invention relates to

wi r el es EREEGREEERENCEOI@ REIATED ARPLNCATHIONSIuci ng
power consunption of wreless network devices and
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According to the st.a ?s, wi rel ess network devices
appigatigneis | ?@PQ@?@ r"’é'P&W CI]RNCRf r ast ruct ure node or
an ad- hoc node. [0004] In the infrastructure node, the
wi rel ess network devices or client stations
conmuni cate with each other through an access point.

In the ad-hoc noBELD IGF THECINDESNTIEDMOr k devi ces
comuni cate directly with each other and do not

emébGUZ]an TREGSTRsERt Mvention reRités ¢ virdless ﬁbhﬁé\'k@r and more

Ile’'station may not necessarily nean that a

pad&(@%éé ARG pBGEE CGorlstinftftionabt YwifiBdd SretSfk devices and

improving network utilization.

BACKGROUND OF THE INVENTION

[0003] IEEE standards 802.11, 802.11a, 802.11b, 802.11g, 802.11h,
802.11n, 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
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,
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1 ~ a desktop conputer that is not nobile may
incorporate a wireless network device and operate as
a nobile station or client station. [0005] A wireless
network that operates in the infrastructure node

i ncludes an a cess oi nt., (AP) .and at | east one cli

a deskion GAMPHIRT tanplile may RCATRaTatp 2 Whplegs SR device

the wirel ess netvvork may operate in an infrastructure
andrapkrateSaisaanobile statienor stieatistakomre often battery

powered, it is inportant to mnimze power

confeonsft i oA wirel@sssnetworkathaeroperaties. inTbiee dhfrastructoree mode

client stations inplenment a | ow power node and an

mcl@&éé ¥R, actess PURARIAP)Erideat 1946t 666 cliést gation ehAsEmmiuntcates
client station transmts and/or receives data. During

with (& ABW Fd? g);ﬂ@d e WitEleSs n‘ég@orgtnrﬁ?g%e?élétrﬁ dtCfrastructure

corrponents an ters oper conserve povver
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Wrel ess network devices nmay be inplenmented by a
mMin§PiZecRPWAr C@HﬁW“PE@E)tOCP"%GNe batiery; ifes ua-@§r%fofﬁas%ﬂ'ﬁﬁo°“em
processor (BBP), a medium access controller (MC)
statibns rumlemehbatlownp@r/erawdeaand anactve noir @wakssegwdes . During
A host communicates with the wirel ess network device

the \dctivé heodegshe chémtrdtation trahsmi©andrreceivesdata. nDuridg tiae low
radio frequency (RF) transceiver or the RF transceiver
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I nclude a peripheral conponent interface (P
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different operating nodes of the client stations.
duringrthgJoWBEPAWEEMOdEhe power nmanagenent

[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
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



device instructs sonme of the nodules to transition to
a | ow power node to conserve power. Additional
information may be found in U S. Patent Application 2
Serial Nos. 10/650,887, filed on August 28, 2003,

10/ 865, .LLed .on. Septenber .19, 03, .
Seriph) Moo, A81690.BBG SEdPEIABSUS0as, 2fiion” APBha.252, fied on

i ncorporated by reference in their entirety. [0008]
September i1Ag2003 aod Hi1frBb481 filed pp darghr| %gi_/ﬁ.rv@nlﬁbrafe tereby

is illustrated in an infrastructure node as defi ned
incdrporaedEbP0efetdnemin thelrentifetyure  w rel ess st andards.

The first wireless network 10 i ncludes one or nore

cl I[6008] StREferIAg 13(_)@”&) OFiguly 11D BE filst CAGrelddei MesworkPHO is

14. The client station 12 and the AP 14 transmt and
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net wo _ e network 18 may ocal area network
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such as a server 20 and may be ected to.a

statignst 14 8od epe & dﬂﬁiﬁ\?‘&ﬁsﬁd}%ntﬁéﬁgﬁazg%@ﬁ”ﬁtqt% 12 and the
Internet. [0009] The client station 12 does not

AP didntranamits 8pd tregeivei wirelesa signals 16.ecEhes ARjddais aonede in a
the AP 14. Therefore, the client station 12 inplenents

netgooN8r Tisawetworknt8lenawhee a hecatlareatnetwatk (WANR amilde area
the AP 14 do not have data to exchange. Data commonly

netWSABWAN Pbﬁéhoﬁﬁér%éﬁﬁb%&&nﬁg@fatﬂ)rﬁf FHetRItWoREd8 may include
anount of time before it is dropped. The incorporated
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12 i teri d d will t b
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period). After notifying the AP 14, the client station

12 [PP89ki t Thalient 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
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



to the | ow power node. During the | ow power period,
the AP 14 buffers data that is intended to be
transmtted to the client station 12. Follow ng the

| ow power period, the client station 12 powers up and

r Y, beacon transm ssions fr |
the A5 T4 T s G| (A0S saTarar BaichB s 106 A7 43 has' Gathi}or the
for the client station 12, or the host processor of
clientstaipn . oft thei bestiprocasseraekthe eliantstation 42 idicates it has
transmt, the client station 12 renmnins active.
datzﬂmtram'smé, thiehalieal statibnsi2atenuains a2tivnt OttserivMise, Itbevclientetation
node again. [0010] The AP 14 attenpts to transnmit a

12 e thedbwdpdwdrdfbdeegam) transnission tine (TBTT).
Before the AP 14 sends out a beacon transmi ssion, the
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nsm ti ng a SO at ot eVI ces are a
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ueue franmes to S t.he AP 14| buf f
the ARdd ae@rines Wbl othedevines imsuresiy drasnline data so
can exchange frames with one or nore client stations
thatigthendavides ererabledpiusedhametwedls: Thexelignt statiane! Atramaitions to
and the clients stations 12 nay exchange data

the active fode prior tdianpeddon tsaresmiskionitplqeead f(ards to transmit to the
protocol. The use of TDM protocol mnim zes

AP QW ihi 8 baffer.t AedRteRRHOWINGER bBBEOR trafBfrfissién L the AP 14 can
client stations 12 attenpt o transmt data to the A
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ot her wirel ess netvvorks and the first w_reless network

TimgoDivigion Multiplexad «(hBM) pistegabnt e yse o dMdrrptagol minimizes

station 12 may wait for a
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
simultaneously. As such, a wireless network that implements the random backoff

period has improved collision avoidance over a wireless network that implements



random period prior to transmtting. This random
period, or backoff period, reduces the |ikelihood
that multiple client stations will attenpt to transmt
si mul taneously. As such, a wireless network that

i mpl nts the random hackof eriod has inproved .
o o T e R B Rk E 0L SH g region
impl emrents 4 a pure TID VI schene when nultiple
Howesmenoratglosx backaefh buhdese nphgpanagtaceeltision aveilanse; In certain
random backoff but does not guarantee collision
applivatiotsncellisiom awsidance isagritidat.afFiooexampde,| wigeless networks that
avoi dance is critical. For exanple, wreless networks

exchi8dde rRdlGbacto8ataUtypicel§t dsldior ihvindead |pbs¢fﬂ/enﬂbkndi/@lbd§@ment
a positive acknow edgenment feature. I'n other words,

feat{u'i'é‘”sm it | Behet! AWbRYS d%estr‘%ﬂgnﬁt‘ﬂ’ﬁﬁ ﬁatlé\?k%@sedESfeFécelve

marece|V|ng station that data was corre
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W reless network to conplete a_set of frang exchan r%
Further, peca ¢asul. of[tbmzqncml R3skef peRipds theglime pequired for all

second wireless network 24 operates in an ad-hoc
statimte in the wireless netvedrksto womplete 24 sehafuttamenexchanges is
client stations 26-1, 26-2, and 26-3 that transmt and
increaseédve wireless signals 28. The client stations
26-1, 26-2, and 26-3 collectively forma LAN and

CO;[P'G‘i‘fgat Re@érhﬁgt hwaWité rFigﬁﬁé1 2t Begecdite \ﬁi'rélé§§ network 24
| on 2.

26-1 are not necessarl

t ed
on SRR siRaRIHBE” 9 SRl s ot
clieq] SiBtibhs 2961 S5 PeHEH 20r HALTEreRy ARt reksie M%}#s'&hsﬁ%ais 28.
the client stations 26-1 does not have data
Thexelilentgstations 26e1.0t2fe2, can@n26s}k #qllestivels- iorm 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.

[0013] 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
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



and 26-3. [0013] The client stations 26-1, 26-2, and
26-3 are not required to buffer data as perforned in
the AP. For exanple, the client station 26-1
transm’ts t he beacon to the other client stations 26-2
and 26-3. _The client 6-
rangTUSROT | JRUTBO th DEREPN VB GRledpfiIest Byothen BopeaR dransmission.
transm ssion. During a beacon interval defined by the
eachelieohstations2f tranemits datafin @ deterministic ondezs Raraexample, the
data in a determnistic order. For exanple, the
client statitnss2@mantradémitalatd saqeentiallgat a sequenti al ly.
SUMVARY OF THE | NVENTION [0014] In a first aspect of
the present invention, there is provided a wreless
networ k devi ce conpri sing: an RF transceiver that
transmts and ?\ﬁs{ et PHRARKAINTIN t hat
periodically transm S or receives a beacon; and a
control nodul e that comunicates with the RF
transcei ver, that determnes a default interfrane
pace él FS) tipe based on the beacon and that selects
éoQﬂ 1t acfirgtaspeeisof ith PIeseNY iBuelnn. | therg jignprovided a
that is Iess than or equal to the default IFS tine
wirdlesse chedwork rdevioer compfising:pack 8Fs transeeived thiat crangmits and
beacon. [0015] In other features, the beacon includes
recélaéadhzapadiets afd ehat pericfically tiarandty GiSieesives s béatonand a
for the wirel ess network deV| ce. The control nodul e

confr8l Fddulé tIﬁats §6ﬁﬁ%dlg§te5' Wih WheREt hPan%EeFv%ﬁnﬁFa@'déQérmmes a

recelves m1 data packets. The control nodule selects

defé@ﬁ@?%%%é \,\égé? LI'F@S t?@@ﬁa%%foﬁg b%%?ﬁ@fgi] thPf‘§e|ec ts one of
thetcfeggrlt fllggtt%gsénc} I}esg&)nﬁcf ?II-'S qurqg ltﬁa{ Pscleus%ef?\an or equal to the
default IFS time based on a number of data packets received after the beacon.

[0015] 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.

[0016] In still other features, the control module includes an IFS timer
that is reset when data packets are received. The RF 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



that is reset when data packets are received. The RF
transceiver transmts a data packet after one of the
default IFS tine and the second IFS tine. A power
managenent nodul e that transitions the wireless

net wor k [ bet an. acti,ve node an n ipactive,.
the RalESsIRMEHR VIR 0 e anive DaHPETEF i e Sinsrules Beacon time.
wirel ess netvvork deV| ce to the actlve node prior to a
Thespewaumanagemeit mpdele trangitignsuihie vdrelgssnBatwark flgvice to the
transitions the wreless network device to the
inadtivecmiode aftele thd tREF ttanscBiver rtearsmaitss @r dataapackets A wireless
data packet. A wireless network conprising the

netWbrke LemprisMigMHe wirlieS netwdikedevieaPUNAer dmpridieN-1 other
wi rel ess network devices. The power managenent nodul e

wirdlES HebW RS %Ql% Wi r'grfe[e X th\gﬁﬂ% gef %r&emto‘auté‘%al(nsmons the

nact ve no e a ter el ess networ
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W rel ess netvvor devi ces. The power nmnagenent
deVIF@éJTa@Sm'Bﬁgaﬁ‘ BASK&the wirel ess network devices to

the inactive node after an idle tine on the network
t hd001% gr kestdkothrafeaiures: gavrelesanetsris copprises: plorlity of
of the wireless network devices is a coordinator that

the viréloss aetwaorkt devises.t Thehpowerowmagenidnt mbdulel tragsitibns the
wi rel ess network devices. [0018] In other features, a

wirdled$ hSﬁr?orR‘i‘iéWé@ LHeCiRab B FotRSaftér é‘r‘i‘%ttﬁﬁé‘@)nat‘h@ network

recel vi ng neans for transntttlng and rece|V|ng dat a

thatogcét%ta?%lﬂmn g%lg%gt ?ﬁgilﬁtﬂéllfstﬁ @Snbtng' n.rflgth%r W|reless network

rec ess netmork dev

oo S50 Py SRS B Pty o
wwéjllgésag(latt\Nolrlr(]tdgllfcregne space (IFS) t | rre based on the

[0018] 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
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.

[0019] In still other features, the beacon includes data that is indicative

of a transmission position m for the wireless network device. The control means



beacon, and for selecting one of the default IFS tine
and a second IFS tine that is less than or equal to
the default IFS time based on a nunber of data packets
received after the beacon. [0019] In sti II ot her

f eat ures, eacon in i ndi cati
selasks & separtd GS) Bmeduast s Tans DRtingand pepicd ThEAS Fceives
devi ce. The control neans 7 J selects the second |IFS
m-1 dat@ pReketsheThe entiol tmednsaselects: the, defputk i time when the
receives m1l data packets. The control neans sel ects
trartshrittidgf and trecéiging meansehas ieceivedifewet thary mrid data packets.
recei ving nmeans has received fewer than m1 data
ThePasmedismear$ énctedds timinge eveansifot mkeritaringi IFS timess Thee timing
monitoring IFS tinmes. The timng neans is reset when

me&i¥ s PRISEELIGhER Edatac Bhyitdts aﬁn‘é tré@elbé@nér'iﬂ tthbn&aﬁgﬁlnttmg and

recel vi ng neans transmts a data pac ket after one of
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rtgg conprises power managenent means for
Sechgr\ iM% ng the wirel ess network device between an

active node and an i nactive npde. e power nagenen
med8020} ankn tsthn othele f@@tﬂﬁ%sﬁ‘%éﬁ"ﬁﬂﬁigdﬁm@ékt@ g further

active node prior to a schedul ed beacon tine. The
conpuisEs panagemanagema@nt meansifor dransitiening tbe ewireless network
network device to the inactive node after the

deVideabstWeen aw agtive feodld andanriractive modes Mhsspewdamanagement
packet. [0021] In still other features, a wreless

e AR IR\ ok 01 8 Wt add oo prir o
sch-gaﬁled 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.

[0021] In still other features, a wireless network comprising the wireless
network device further comprises N-1 other wireless network devices. The
power management means fransitions the wireless network device to the inactive
mode after all of the N wireless network devices transmit a data packet. The
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.



power managenent means transitions the wreless
network device to the inactive node after all of the
N wirel ess network devices transmt a data packet. The
power managenment means transitions the wreless
network devices to the inactive node after an idle
time on the network that is greater than a |argest
avai lable IFS tine. One of the wirel ess network
devices is a coordinator that periodically transmts
the beacon to the plurality of w rel ess network
de{0Q22]. Sinfaceepnd aspeeterfdhe riepenritinventiare therssismrovided a
invention, there is provided a nmethod for
method femittanisnittingdanid: cegeiving dida avithh Bhwireless aletwsrk device, the
network device, the nethod conprising: at |east one

metRbd LdrASBiRG: lee@%ﬂ oheC&f iafdm dglaﬁacﬂéebﬁnngaﬂatd paskets; at
one of periodically receiving and transnitting a

Iea%?e&?é)rbf %ﬁ E'%ﬁ/e?%ce?vmﬁeéﬁ& farlshiifiing r@”ﬁeé&ﬁfedét:?ﬁﬁnmg a

bas eaco selectlng one

cordl ebirebl shofE (39 AoBRRA 4 bBchichod Sritha one of
the [dsBaia] IR e 2 en secarkhiis die dhat & lasSchadepbeaayto the
i ncl udes selecting the second IFS tine after

defawt FiS/time basedden a nuuwhenaf dathpackels received after g beacon.
includes selecting the default IFS tinme when fewer

t h§0023]1 dh stilpsthieefeatares, trecsteped seledtingftcludes selesting the
reset when data packets are received and a data packet

secbfid It S ARSEThitE LELoRIVIRG NN RIbh bel@etdef'mé étep FoP selgBtinglincludes
the second IFS tine. [0024] In other features, a

sele[‘d?lﬁg Uthﬁrdé?égﬁ’ NP8 Hing W& fdWe Jath%oﬁle? Hata %@ﬂ@lrs' F@Sretkived.

one of transmtting and receiving ais packets
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[0024] 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 defauit 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.

[0025] 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



and a second IFS tinme that is less than or equal to
the default IFS tinme based on a nunber of data
packets received after the beacon. [0025] In still
ot her features, the beacon includes data that is

i ndicative . of a transn ssi o I tlaO for
ste, Of sEleting do@lRs Ao hecdell b i wfppgewer than m-1
i ncl udes sel ecting,t second IFS tinme after receiving,
datdPACKAlS 21 RGN, ANAFS tEPESPoQavbdt fals pAeaIaGLs reckived
selecting the default IES tine when fewer than m1l
andamtatgpakiatds drapsmitied afler ong aof the defawt IFS timss et thehsecond
data packets are received and a data packet is
IFSttimsismi tted after one of the default IFS tinme or the
second | FS tinme. [0026] In still other features, the

W [6O26YS NIt SN dRhEETEREreisS tHe witeleks HRENork@dWEE B Pansitioned
active node and an inactive node. The step of

bethEAi, SRR SmopR° bl “n DEERE, 1A, TH ebebF Hhnsitoning
. hedul b bme. Th f i tioni :
nciFG0E b8 ReRERCRR, biBRge MBSl Beibe 5 8 408! Mive prios o o
sonbiel b ot o ebes Fans b e Jaboning tre
_inactive node after N wreless network devices
wiralesmsatwork demice fadhetinadiiver elodenafter ansmitiing ¢ data packet.

wireless network devices in a wirel ess network

The wirklegs m@tivbrk devied éstransitionedk talthd inactive hode aftéreNsvireless
network device is transitioned to the inactive nopde

netRbHEHedRes Hrandrhit®a difta Padket! RRSrENTINOEKa i AithbEl 8 wireless
the wireless network device that is greater than a
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ess networ evi ces.
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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.

[0027] In other features, a first 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 transmission position m and a default IFS time based
on the beacon, selects a second IFS time when the RF transceiver receives a

data packet from a second wireless network device having a transmission

10



network that includes a plurality of wireless network
devi ces conprises an RF transceiver that transmts
and receives data packets and that periodically
transmts or receives a beacon. A control nodul e

os BT, S b L B G o B8 R8s o
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wirel ess network device having a transm ssion 10
pod0028n min stithetherdeatires.ithe seepadIlkS tinge is lass\ihan or equal
the RF transcei ver does not receive a data packet

to tihe defdultel FSctimed The RFeansceeiverrtkansmitsa.datd p2agket after one of
still other features, the second IFS tine is |ess than

the Uef8GHIFS fiet Hethieisadond IIFS timae. ATpewEF mamsageraentemodule
transmts a data packet after one of the default IFS

tran{sitﬁﬁsﬂbe%?eléﬁsg ﬂ@ﬂvdrF%é\)iéEbetﬁ/e%h‘é‘ﬁ ia%&V%‘ﬂ%B’é‘hnH%@Pi’n‘éctive

ransitions t W reless networ etween an

ctiye mode and_an inact| .
modie JhBnveraueeeriat Shod s A ons e d8tSikas ngpyork device
device to the active nod ior tg a schedul ed beacon
to the Activa RSB AP s Ragsincined Rt Beand N RAYeeh management
W rel ess network device to the inactive node after the
modhre tiansitionsi therwirelesss petwork iievies: 19 thedrastive mode)aftes the RF
still other features, a wireless network conprising

trartsceiver trahsmifs the data packeti ce further conprises N1
W rel ess network devices. The power managenent nodul e

tr g0629] ONkn étilFothief RlRGRsNatWIRsIEsSIR¥WRRK CONiiging the wireless
inactive node after all of the N wireless network

net\gsm ﬁgﬁic@ ﬁf;ﬁ'{grt ccﬂnngﬁéé’s AR KiireleSs GRAUNVBHE gf’t_g%es‘?' eViiHe? power

eri odi cal ransmts the beacon to the
e HE0 TR QT e Bt BBl PPl 10 g moce
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
positon m=2 and the second IFS time is equal to a default IFS time of the
second wireless network device.

[0030] 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
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second wirel ess network device. [0030] In other
features, a first wireless network device in a
wirel ess network that includes a plurality of
wirel ess network devices conprises transnmtting and

receivin Jor trapsmtting.and r Vi :
seldsHtna S5 Mol OaN PO PRUAE AR TP 5 mEahé receives
recei ving a beacon, and control neans for | .
a detempanketafromy anseernth avitalesss REWGrKgdayiee having, @, jansmission
means, for determning a transm ssion position m and
posiiodefmal,l and fer selestingdbe defaulh éFSdivaerwhemthe transmitting and
selecting a second IFS tine when the transmtting and

recéi¢ihgi Hoamsndoss neicrosh®e aa datd pakekdiomrihe aesendndreless
wi rel ess network device having a transm ssion

net\aﬁﬁé déwee.m 1, and for selecting the default IFS tine
en the transmtting and receiving nmeans does not

r eGgj a b 2k

nefl@%gﬁl aclif S BREh el by RoRERRICS A 1£RSs then or equal
eco dme is | th t

to tﬁfge?atﬂéi?%h@em FRe F EabrodySt rditfits o tadBekEL At one of

et R e 86 SSsoreF e TS BB ALES ortrer
power managenment neans for transitioning the wreless

comgrisesr poweevinasagemeat meanaidor eansiipning dhanwiralessi petwork
node. The power managenent neans transitions the

dewdd BéERNSh Wotike dedecand antihactdet mode mide power management
schedul ed beacon tinme. The power managenent neans

mehh@NFrsitRIns HEE wifelgdse hetwdtRt d6Vike deViheeattvd gode prior to a
I nactive node after the RF transceiver transmts the

st B5645 ne D bbb i ditions e wirlss
network device to the inactive mode after the RF transceiver transmits the data
packet.

[0032] 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.

[0033] 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,
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networ k device of further conprises N1 wireless
networ k devi ces. The power nanagenent neans
transitions the wireless network device to the

i nactive node after all of the N wireless network

devices transmt a data.packe The ] SSLO .
perffiafy creriatttiic; <, (isivBd oo Theaqie o RTThG °p o Ransmission
default |FS tine f. the second wi rel ess network
posttigpimeand g igault H:gtt'ﬁé? gﬁg@ﬁ endbe beacennselectpg a second IFS
~transmtting and receiving data wth a first wreless
timehwheo tke festiviteless aetwarkdevicefecoies aidaia packetfgem asecond
plurality of wireless network devices conprises
wirdlessnnefwdrk rdevicel haeingi a itransdeissiop gusition N2, and selecting the
periodically transmtting or receiving a beacon,

def4l8t PSR Whanttha Tisl WiFklRRs Mdwbik a8vite Adésanslakasive a data
ti me based on the beacon, selecting a second |IFS

I FS
pacggﬁo%ﬁg@gesiegﬁn& Wirtedy ﬁ%gf%%daﬁ york device receives a

cat roma seco W reless network device

a atra 1.$SiQn Sit . Se '

dot0ffer, He TR HRBRE. the Spila MRS LTI s ah OF equal

to tp Rl A4S RO TG 1 G PECkE0RSBNSTIISY PIteY SPfEH S Serault IFS
features, the second |[FStine is |less than or equal .

time ortthe sespad| IFS twe: | Abe fistiwirglgsscretvark devigesisi raegjtioned
after one of the default IFS tine or the second | FS

betwveem. a rectiver stodel matleas inattive Imalde.i c&hesstep of transitioning
transiti oned between an active node and an inactive

incli8&€ trapSiBoAnBRheffirst wineleks PetwisHk deVide fiethe active mode prior to
transitioning the first wireless network device to the

o sy BRI, 1 sRpS AR RERRS g Bifng he fr
w5 5o BEBEH o Ty ok B2 P98 e Rbwon
de\ﬁcaecﬁgrtls'mits the data packet.

[0035] 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.

[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
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[0035] In still other features, the wirel ess network
i ncludes N wireless netwrk devices. The first

W reless network device is transitioned to the
inactive node after all of the N wirel ess network

deviGeiebRies A 03, hafid A 56fbag W%ée#séﬁs%?%lea'c& having a
default IFStime of the second wireless network
trangmjssien Ry M. Ak setestingtbe, dafapliniiin dimewagmthe first

executed by a processor conprises transmitting and
wiralessenetivogk devise sinedsanat regrivé adlatalpagket iomrthetseegndrwireless

receiving a beacon, determ ning a transm ssion
networkidevice.m and a default IFS tinme based on the

beacon, selecting a second IFS tinme when a first

W r[9113?3’5]3 N WF 6theP feketutess the 8BLYRS IFS dintét iPReKehaih loPBqual
a second wrel ess network device having a

to tﬁié:ggfﬁﬂltsl%'ﬁﬂm@‘)%tdfa?é‘ gtgbﬂet i8HAnsHliGsd bﬁELBQS dﬁﬁé‘gﬂeﬁ‘ault IFS

en fhe Wi rel ess networ evi ce does

not .receive aLa pac et f he second el e

timé,OF 45 ioag0r OES BB 7 1 firs{ RieleeERwRLe divisd R fansitioned
second IFS tinme is |ess than or equal o the default, .

between (anactide gamogdep apdedn Iactiven siede-cd THEt Bi€PoRE tENSItioning
the default IFS tinme or the second IFS tine. The

inclades transitienisgdhadirsiovicelgas nebvork devigesia therrativeyaede @rior to
an active node and an inactive node. The step of

a sé¢hetiuted beacargtimen cThalsteptofarasisitioninguipcludesftrarsitioning the first
W rel ess network device to the active node prior to a

wnréé%be%@t\ﬁgrkbﬁéﬂeé fol fie indttivetebdef aftérathe firstnwiteless network
I ncludes transitioning the first wreless network

de\/ﬁc‘ae;’%ﬁirﬁ? {Héedétgﬁfédk‘é? ?ﬂg?ra%ﬁﬁs@ﬁgoéﬂtl{)ﬁﬁ% bAHRE second

devi ce ansmts the

s AT AR RS e o e e
net[vv&r;g] de}/n 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
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[0038] In other features, a wreless network device in
a wreless network that includes a plurality of

wi rel ess network devices conprises an RF transceiver
that transmts and receives data packets and that

i PR R B SFHY TR 0D o pptrmines

determ nes a group, identifier apd a,station identjfier
a QWHQéGGBW'QfHéagﬁ@aétﬂﬁ'ondﬁaméf?@féb asefhandhe beagon,| H‘? gegntrol
time and a second IFS tine based on a data packet
module sielads theceepndlFS: time whaarthecdatarpacket tie receivedifrom a
nodul e sel ects one of the default IFS tinme and the

sec6rd oNitelbES netwerlbatexiteoihaving datroupadderttifieeceil vand aandstation
at | east one of the group identifier and/or the

|der&ﬁtét' hyon THteﬁbhfrblefnodUI‘@ seREedheé BecdAdt IFS tife k/mﬁ the data
than "or equal to the default IFS tinme. The control

pacl H‘% eng@ib@& Y Ryirgl8sd | ﬁél_tﬁ/grli( o%q\&@ h%ﬁ/ﬁ"? AN group

rer 'y aseg on the beacon. control

'derft@s@ R R S sttt EEY. e SRhRalffcRe, séleﬁas the
defaufe !@é%‘m%?%a ata 2B ds Teeshad) FaM Anactanh wircless

the data packet is received froma second wreless
netwertk@evicalbaviog ehgreupddentifies xsand astation identifierotheninan v.

and a station identifier y. The control nodul e selects

t h§004BY aulrt sfilFStHernfeatures, & lgroulati BStiméds basedeoretive @roup

froma second wireless network device having a group

|dehtﬁi%|ﬂt & 'defth IFSteds Yadbt W thtestatibh ademtifiee! ahdlane Wefault IFS
40] In still other features, a group IFS time is

tim %55 ufof ﬁ% QBBPF?FS SO BhEtRE defla ‘F'Ieéttmé F$Pa lj:fét?‘ndlelsztéansm|ts

ase on t ion 1dentifier, and

a dﬂan%ack% @ﬂgggpggafttagﬁ%&ﬁfglﬁf t?mteI &Ethgrk%c%nﬁ IE%' t‘r%e.l Ekspower

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 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
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a data packet after one of the default IFS tine or the
second IFS tinme. A power nmanagenent nodul e that
transitions the wirel ess network device between an
active node and an inactive node. The power nmanagenent

nodul e.transitions the wreless netwrk device
coniRuggting, 30, e Fansifn, BB el iid gheaifrelor df@rhlting a
power managenment nodule transitions the wreles X
grou dantiten@idce Staliamidentifiat paved @iihenbearon. andkfor selecting
transceiver transmts the data packet. A coordi nator
onedef iac default oS ctitneyand @mosdtli%@ teec based emea @ata packet
transceiver. [0041] In other features, a wreless
recaigédwor k device in a wireless network that includes a
plurality of wreless network devices conprises

t T 300427 t i O sBINhthEF TbatuREs, MPRNEOARS| hicamsnbéletrgonsdof the
receiving data packets and for periodically

defé@f‘l"%‘hhtei 24 e §§6&4&|@F{%ti@ﬁﬁ%%rﬁm% d’é’cﬁtdé@ge%ed and

conmuni cati ng w ransmtting an

recei ving,,neans, for .determnjng a. groun.id dentf]i
at 13} ope. PEHeC ARG gr aTilab o ratind I9elleh Thie.SFignd IFs
_ selecting one of a default 1FS ti and a second |FS |
time isiess k) op payakter the defadt IFS e cﬁae cppwalepns determines
ot her features, the control neans selects one of the
a goefpaidientifiersx mindea stationhidestifiery based Wimhepbeaeprsn ThRecontrol
dat a packet received and at |east one of the group
meankeseldotethesgcondtife timat whenitiendathi packettie reeeived from a
IFS tinme is less than or equal to the default IFS

secbhHe\giraégsCﬁ@Md?k ABACS HIRARY H BRSup ad&rtieR x-deBhdf 4 estation
X and a station identifier y based on the beacon. The

e, T VAL T A IO SekER 7 (HIE WGP e cat
pac@?&ﬁ?&ﬁcgﬁ/\éhcﬁowv&{ ns%cgngrv?/}lj'gleisgeﬁcteti\n/foirﬁrdex\ficle 6hnao\llinag 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
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identifier y. The control neans selects the second IFS
time when the data packet is received froma second
wi rel ess network device having a group identifier

| ess than x and a station identifier y. The control

neans ,selects the, default |IFE i en the. data
deviBaRE B SR, MiSe S &' a0 Sohedulpy CPEAkd " infé rThe power
devi ce having a group identifier x and a station .
manggement; rapags franstinga t'?‘? V\['f@!ﬁﬁﬂ ngtyogk deyice tp dhe inactive mode
features, a group IFS tine is based on the group
after thendéevice transamits| the datspackat. i s based on the station
identifier, and the default IFS tinme is a sumof the

gr §op44JFS In othearfdatubhes,de imethbd Jot tramsmitting davd rezeiving data
transmts a data packet after one of the default IFS

with & FPstQlirdlBSs PEEAO ddvicd inB wirbéss Métherie #satRENEES a plurality
device further conprises power nmanagenment mneans for

of WiFl8sd hb%ﬂ%éﬁ@eé%éﬁngﬁ‘%és Beh ét'ﬁngeéﬂoc Fod¥hliNG @fatd Packets,

active node and an ctive no he power

age st sitio e Wi . .
perRpRHE TERs AL Gy b B bhet Blacel e Puitb A PR, gbffer and
ti.me.  The power , nmapagenent neans transitions e )
a SiRtiBiABTRL ORSPR QTeecePaeN, RBY Selestacon®dba dateuit IFS time
the device transmts the data packet. [00"] In other

andf @ secorus |IFSitimet based on atdala packetiregeinad. r ecei vi ng dat a
with a first wireless network device in a wreless
net[0045] t hi stilhdtherefeatuaisy tiae istgp offselectirige iciudesiseliecting
devi ces conprises transmtting and receiving data

onePactir 8efauRdFiSOtiineadnd the 886dAd IFNGIN baséEion the @ata packet
beacon, determning a group identifier and a station

ool 1eBASSH O olE SR BAGKALRE o The
secBATES3HHE s CEB Ty AR Bk AT e A GRBLH ot
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 [FS
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.
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one of the default IFS tine and the second IFS tine
based on the data packet received and at | east one of
the group identifier and/or the station identifier.
The second IFS tinme is less than or equal to the

i@"ﬁlu er %ét&ﬁth&&@%@’% offsJ @géeéjllﬁé tFﬂe q%@g%gﬁtﬁ{r?]@ group

. te ctln i, ncl des selectin e se d

ldermﬂeE SHeHB RS tmeds pasedion e s@fich Jiertheemaas Mk gethut IFs

~ Wreless netmork devi ce having a grouE identifier x-1 .

timexisda surstaftthergroapnFSr time gnd %md glta Jr§r tiroet eBtqatg packet is
i ncl udes selecting the second IFS tinme when the data

trangatitted after opecofvthe HefaultdFSetimedomihecsesondhBiSwlime. The first
device having a group identifier less than x and a

wirelésd hefivdrifehvidd ®rtransitidifedsbétvedn ars akfivd nfidtld aad emactive
selecting the default IFS tinme when the data packet is

ocﬁ@‘:%h\éegte f%’%ﬁs@&ﬂﬁ GhoM G Sd ﬁﬁﬁsnﬂ@ﬁiﬁgrt’ﬁe%‘ét el Métwork

roup| ier x and a station entifier other
0 o) r ro I
devm nﬁo ttge b%gk% é’*‘%@ﬂéﬁ gép SEul e patan find °itBe' Step of
versBain A% SR Brit i e bbb B&ed 1 g nacive
the delta IFS tinme. A data packet is transmtted
modé after tarsmitting thejdatapackets tine or the second IFS
time. The first wreless network device is

t r §0047] onkdother ieatares) sacompeterpregram ezecuteddsy & processor
node. The step of transitioning includes transitioning

corhptisdsi frahsmitlid &Rl Fsdaland dale\patketsy peridpdisdllyvieamsrmitting or
prior to a schedul ed beacon tine. The step of

rec%ﬁ/?&s)é &bg@éﬁ‘%étaﬁﬁﬁ# aldral |8éﬁ’tme'i‘gaﬁd‘§ SthficH Rfehtifier based

evice to t I nact node after

on HEBRRAN 4% Eﬁe&ﬂﬁé%ﬁ%é@rﬂe&@@f@é% 983 sesend JFs tme

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.
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conprises transmtting and receiving data packets,
periodically transmtting or receiving a beacon,
determining a group identifier and a station
identifier based on the beacon, and sel ecting one of

a [t | FSQti I ' . .
DA 0B 08 B R o Bt B0k BpgBing tne
soch 426 I i e =l o P b oE Sl ptvor
dat a packet received and at |east one of the grou
devicedraving argrawp idantifiee lessdhanx antbastatiasy idemtitier &eEgﬁ@tep of
IFStinme is less than or equal to the default IFS

seldcting indudesselectirg the default IF@itnawheatthe daital packdtiis regeived
are determ ned based on the beacon. The step of

frong @l WitdleBs nebwbikdesvice havihg 20gidup ideatftt ¥ &n%d i statiom &lentifier
the data packet is received froma wreless network

othé’reﬂﬁ%ﬁiey hﬂvdrﬂgp?lgSEt%g sﬁ B88¢d bh e ?{%«éﬁi‘ﬂ%rﬁ‘ifieﬁté‘ﬁb?ﬂ IFS time

rdentifierty. I'n stil eat ures,

. . Step of se ' i e | t :SeC B
s b3 & off R Rl Mo gt HRF e 0GRLI B e i 3G off 8 arove
networ k. _devi ce bavin roup identifier less fhan x
IFSME Bk e Rt 4 i eern Sl Rackih tansraliBcatiat pne of the
includes selecting the default IFS tinme when the data
defadt IFS time ordbeisgeand AFBAIME-wi r el ess net work devi ce
having a group identifier x and a station identifier
ot §8050haniry stithothes fpaturés,t & mérdlesshnstwbrirdevice iy rapsitioned
identifier, a delta IFStinme is based on the station

betweeRt a | ftiveaffbdehandeanuinbctiveS hode | Fhe st of tidrsitioning
group IFS tinme and the delta IFS tinme. A data packet

et BERRH Rl WEEii o Byl @ik 455ty o
sch\ématrjl%ldeggaggﬁ Vipnﬁé(. d‘f’macgteipsof rtr%'ﬂ%ititoh%e%cludes transitioning the
wireless network device to the inactive mode after transmitting the data packet.

[0051] 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 shouid be

understood that the detailed description and specific examples, while indicating
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bet ween an active node and an inactive node. The step
of transitioning includes transitioning the wreless
network device to the active node prior to a

schedul ed beacon tinme. The step of transitioning

i ncludes transitigni the w.reless n V]

the y eTaTTRR FUBORSER Pt aner iuellipty 5 TGRS R abiifeses of
0051] In still other features, the sysfens and.

illusketlm@glw@@d: are,aat infansled telinif the m@t&ﬁeymée‘ﬂl%‘put er

program executed by one or nore processors. The

conputer program can reside on a conputer readable

medi um such as but not limted to nenory,

non-vol atil e data storage and/or other suitable

tangi bl e storage nediuns. [0052] Further areas of

appl i cabi | i BrIEF BESCRIPTRIN OFTHE DRAWANGS becone
apparent fromthe detail ed description provided

her[g‘;)@gt ®he!dre Q&“fn@eﬁﬁon Vﬂlﬁ?b%ﬁ\%drn‘o?é‘tfuﬁ)fv‘ﬁnldgrstood from

det description and specitic exanples, [
i ndi.cat | 19 th f Hod] t .
the RFAER 4t B B8 CEO0 PRI B Moe kPt o on
I BABADn. R s BRRel bRot AT ARG FEe TRERETk that i

The present invention will beconme nore fully ) _
configdredsincdinfrastructune midexand thal dncludes Pae offpretdient stations
acconpanyi ng drawi ngs, wherein: [0054] FIG | is a

and amattesmpoiht (OR) sicrgdiagtotthe pribr ettess network that is
configured in an infrastructure node and that includes

ongep55]™0" EIG! 2 ¢k faheidriblocRtlagranfer 8 Wirddedshetwdirk that is
according to the prior art; [0055] FIG 2 is a

o5 B e St e

o tﬁglptriloplaﬁ; client stations according

[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 TDM

protocol delta times in a wireless LAN according to the prior art;
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to the prior art; [0056] FIG 3 is a functional block
diagramof a wireless gamng network that is
configured in an infrastructure node w rel ess | ocal
area network (LAN) according to the present

of 100B40"; E1Sa7Abssa tming' diadrart ot ANt %SSC off SRR IFs

) that i ncludes an SOC and a radio fre uenc
timas im s witalessadAN AGROrdingt 19e apfiest P ewei/ﬁﬂ%h of [thgspresent
FIG 5 is a functional block diagramof a w reI ess
invemdionpr k devi ce according to the present invention;
[0059] FIG 6 is a timng diagramthat illustrates

cl i[eoé1]st aFi®N7BON! aptirningC diagrarht that iillostrates xlient station IFS
LAN according to the prior art; 20 [0060] FIG 7A is a

tlméé Y MP@S§§TAN‘aécderlegt Rl l'n%lém‘éh?étldi’ﬁ of ftRe present

tines in a wreless ccording to a first
lnw_i;%%enentat|on of the present invention; [0061] FIG
I's a timng diagramthat illustrates client station

I'F wireless LAN according to.a fi.r
| PRBENE oF|Gn 61 s, ReTines Aierinn eh diusitatPo sliaht siation IFS
7C|sat|mn diagramthat illustrates cllent tation
timegdn a .wslﬁeieﬁg[a'm 2eqasdiagL I 2a fiEDr dmRigMestation PZtt e present
i npl ementation of the present invention; [0063] FIG
invéfitions a timng diagramthat illustrates client station
IFS tinmes in a wireless LAN according to a first

i Mjbeest aFieN7Df id Betimires @lkigram 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;
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invention; [0064] FIG 8 is a flowhart that
illustrates steps perforned by a wreless network
device to select client station I[FS tines according to
a first inplenentation of the present invention.

o1 K008It FIGnoERs " oG o Pl dlsveias Thiel Saign 17

i to, a second i I enmentation of the present inventjon
t'mqsomse] wirglgss fcgording ig lesﬁﬁ?%ﬁ*n'mﬁ!ﬁm?'l‘qaﬂgﬂ ¢t tbe present
client station I FS times in a wireless LAN according
invan§ion; second i npl enentation of the present invention;
21 [0067] FIG 9Cis a timng diagramthat i |l ustrates
cl [e068]st aFiGan10HS at floesharh thatnillustrates stépsapedodnad by a
to a second i nplenentation of the present invention;

wwe[lé&@%tvﬁr@deilfbe' 1) %lébpﬁuéh@%tatfdhal'l:s hhw%téc’tb@éingttémﬁsecond

performed by a wreless network device to sel ect

|mp[é|nl.?‘rn5t|§ﬁ gI{@pJ Pépﬁin%ﬁtl&?cordl ng to a second

nentation o e present invention; [0069] FIG

st _A\’?@?la HeB AR, g Hiecran By fefiae ipt, stption 1P
timgs ¢ 21 MIBISS KAV (AGRG UNG Pt PHTd: PPTSHIZHT, of g present

station IFS tinmes in a wireless LAN according to a
invardiond i npl ement ati on of the present invention;

[0070] FIG. 11B 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. 11D 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;
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[0071] FIG 11 Cis atimng diagramthat illustrates
client station IFS tines in a wireless LAN according
to a third inplenmentation of the present invention;

[0072] FIG 11 Dis atimng diagramthat illustrates

cI| statjon S tipes.in.a.wrel AN ac [
o 15Y5T . Gt dFcl & TERtBRaf Hckr UEBRm” P I DB Control

[0073] FIG 12 is a flowhart that illustrates steps
systé@hformed by a wirel ess network device to select

client station IFS tinmes according to a third

i mi0@FHaINnt aF il 3G is adunntiepahblock dagraenef 4 celiular phane; and

13A is a functional block diagramof a high definition

t el[@07E] onFIR21 ID &S FinctionaBBlock deagramcafi sed tolpl ok

di agram of a vehicle control system [00761FIG 13Cis

a functional block diagramof a cellular phone; and

[0077] FIG 13D is a functional block diagramof a set

top box. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS [0078] The foll ow ng description of the

or . ) . :
B e AR BRI ON OF T FRitE EF‘E@ RRORIRENTS
applicatio o uses. ur poses of arit
SOTROTRY o She clolining despriptash o e prferiag Emfigiigent(s) is
to identify simlar elenments. As used herein, the term
menehy ekemplaty dn nadutiecand ds én sorwanintapged é@thnuhtlﬁ)mentl@n its
integrated circuit (ASIC), an electronic circuit, a
apprﬁtr‘:]@ltbcfnsmms(esh a\froedzurpkméscdtcﬂair,itypmegsame)emnmcmnnmers will be
t hat
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
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execute one or nore software or firmware prograns, a
conbinational logic <circuit, and/or other suitable
conmponents that provide the described functionality.
[0079] An inter-frame space (IFS) tinme is a mninmm

t hat ast tion ts after the co ni cat
wirelgsh uetGk Sretind i glifer Sn PiSatniclive Mge Y an adtaoc mode
mnimze ovver consunpt i the _wirel ess protocol
maxawiemaﬁl@ h%Wtrﬁ@Sﬁr%g%?P' a$ deseribeshhereinrows st ations to
use shorter and/or constant IFS tines with no random
bad@@80] pelni sewe tgpepofnetvorkg, cudstiari alhef the istations need to
elimnating the need for random backoff periods and
trangpnitt@atat iguiarty, oo ekarmpke, tat reechl beacoreintervaht iGne ekémple of
average awake tinme and the power consunption of all

thisQjpé B¢ nehddriko8 s Wef&@%ﬁoleﬁ?%n‘@ BSpIREtioASt QALK most or all

operating 1n either an infr ructure node or an ad
C
of tlg%ﬁ%agggg ér%@r e!{ ﬁgh?ggg (ﬂntercﬁ' ngglr:fegb E esgétg):n% cﬁ{r V@fﬁach beacon
or all the ,sfations ne transmt dat
inte\2l, pomaster; Siatiops dafeiisgs @aéf%%eaesvﬁ%smsswsvce dfer each
exanple of  this type of network is a wreless console
beaganitiansapptiPRat |h?nma§F€Hc§éaﬁ*RﬁFaBrVaé)f the giatipp acsess sgAYence
transmt franes to one or nore other stations during
by rmndonizing @r rotating the orderfaowingseach beacen dramsnussian. The
station access sequence after each beacon

IFSttiras Sfat ssichnstafibe iswfspendehtipartly apon \the yaddessséetjiueme and
access sequence by random zing or rotating the order

parfé)glc BH frEmeac ebfg)%%%rédeﬁ\ﬂfdn@%' BartichA® bddcent Egﬁ‘oc‘i.orln this

station 1s dent partly upon the acce

S5 e bty PR BB 8 ime
durily & RS FaRG B s apPOrEine s 2oL P ATTeTaRG S time
dun?lacaoégclzonn% ttJé)ac%nsl(ra\tCeorvnadl or different 1FStime

[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.
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during a second beacon interval. [0081] In a wireless
gam ng network operating in the infrastructure or ad
hoc node, all client stations transmt franes to every
other client station during each beacon interval. The

| TobAIS BLIA%0 SIS JSHOLL o s oSG network 30

client statlon access sequence is varied _ ,
includesl anhostngaming gevicenip @R ONSSOf mere ﬁ'iﬁﬂ%géyqfnﬁ'gc@‘?\@ﬁ%s 34.

stations follow ng each beacon transm ssion. In this
Theradiert gaming veéevicés &34 incude | winelgss | Iocabm%tnetmak (WLAN)

according to a first IFStine during a first beacon

haréWhes YAl opafatedss oliehtigatiansainsarc omfchstriibture meode mebgork. The
second beacon interval. 24 [0082] Referring nowto

host ggmlﬁ%%evféevﬂi Sis%ﬁﬁcl%&k Rdrele8s\CAK I?‘é?dwa@ bHd&sperates as an
m ng device 32 and one or nore client gam ng

C
oY Ay O I SRR T M08 o nevon
erate as client. statjons anlnfr st.r r

A T65 o MR R, BAmi (PRI S, BufPUBnsorves
wi rel ess LAN hardware and operates as access poin

operating inewerebyirpduang tharpyriakh suian Ofrrtgevﬁqct@ﬁeg@% Those
gam ng network allows for greater nmobility of th

skiltedd #nthegarti cap dppreasiate Inatthe bopsgaming depisead? ﬁ?@d the client
power by reducing the overall duration of the active

garfibige devitese 34skidy dib ian game aconsoden amprwirelase inpat devices,
t he host gami ng device 32 and the client gam ng

resﬁ@&nﬁeﬁ’? afAR¥other 3uitaBlB iFPISIALARLaEBA of 4RI AB<aridiphe or more
VI CES respectively, or any other suitable

wir%lg%ﬁ[grgﬁ %ilgﬁgﬁﬂﬁ?géﬁa ”%?%r@ﬁs%ﬁﬁ&@”ﬁeﬁh@ﬁ@% excludes

t k .30
thed'mtne mg%ggng Hggﬁle %%%H%@Egss }n gr‘?1 randri%cdr%\éldce 32 and

[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 (BBP) 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
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[0083] Referring nowto Figure 4, an exenplary AP 14
for a host gam ng device 32 includes a systemon chip
(SOC) 34. The SOC 34 includes a baseband processor
(BBP) 42, a nmedi a access control (MAC) device 44, and
ot her S

tne S35 e SRS Dec HOBkhlA 5 RRLABCIA YEbY 4 o*foce i -
radi o frequency (RF) transcel ver 48 al ong with the
netwai 1B thad infludesother fodas SHeh AR@ 8eRYRE 30@4“’ M@y berconnected

transcei ver 48 transmts/receives data to/fromclient
to adistribotexi comtriumicationseayste\R2 sBich@s thednigPnetl4 nay
have data that is intended for the client stations

dunoos4y heEla@Nlei@MEga mimg elevidee3dA6ciddes e ddempidrydeiteless
a buffer 50. The MAC device 44 stores data that is

netWBFKeHQQi‘éef Q? AOSHRWEIH FR§@e 8Ns THe Wirkldss hetwdR de\//Al\ge 60

Unl the client stations enter 25 the active node

scchlfa 6 2068 B fiche e BeldalPeo i 5 Sorotce
an R e eerane ALl Bens 2Psehed oL R T RRHiS B4 aagper ond
Each cI I ent ang devi ce 34 includes an exenpl a

clogli medules66,a inedue 68, @oda&,p@wemar\agﬁmmén@dulﬂ@ The
W rel ess network device 60 according to sone

RF irapkeeiver 62 incisdes atreceiperd2andiantransmisieri’4. sWde nas shown,
i nclude an RF transcei ver nodul e 62, a baseband

thePheRsTRodeiedube 6dn alspowmludind mooessorodndeofifer standard
MAC nodul e 68, and a power management nodule 70. The

co drigiscei ver 62 includes a receiver 72 and a
rTtlﬁ'rfansmtter 74. \Whil e not shown, the network device

CoBBRSR: % A8 ALEGERE 5. B B3R 0T g L

78 ﬂwﬁhrggglveg %kF rst ref%rergce *’r)equency 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.
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78 that receives a first reference frequency from an
oscillator such as a crystal oscillator 80. The
frequency synthesizer 76 al so contains a voltage
controlled oscillator (VCO 82, which provides an

AR o RN B HE Dt B e ) ot

cong;@gr%&)lg{%é q@cbr?acfyﬁlreﬁggggﬁralg%r\ﬁ%\e?%\{%@y t+hr 7[?0 88
operation, an input of a |ow noise anplifier (LNA) 84

commageicates withy aslemedwaton 90awhicinderpadulatemtig signals. An output
anplifies the signals and outputs themto the

of thecdemmdulator R0 i conmuaitates twith @meextaroal interface pd2, which
of the transmtter 74 is received by a power

con#ihichted witRPAheSAACMBBC hOpUtheUtrangwiitarfdigs, thed WPt 68 sends
the antenna. 26 [0087] On the receiver side, the BBP

sigrfai%l ittJ‘méJgﬁ%rﬁél | al% Qf? wHigh brd md‘oQPé(t@Hgt%{ al laf$f 94 and

recerves signals fromthe recelver e ADC 88

outfiF el MhhiatehbeRg!! @4@_ Q8o BAG: SB RS gl to
e SSaRs 2. e HoPLUE Bk %Ki L e o
t he MAC 68 sends naI s to the external interface

Altegnativety.dhe ALRC rﬁﬁd@lﬂ‘é helDAC 86 maay batlesated aamidre Bhttpansceiver
to a digital to anal og converter (DAC) 96. The DAC 96
62.out puts signals to the transmtter 74. The BBP 64
al so may include a PLL (not shown). Alternatively,

t hqod88) 88TRBDhIWET BRE clstkiivdor Bedatiadesm Migti-Rivel voltage
transcel ver 6 [0088] The power and cl ock nodul e 66

s BESH S RSB T P i gy, sl o
output%nRNo 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
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outputs two or nore voltage |levels. The power and

cl ock nodule 66 also includes a | ow power (LP)
oscillator 100. The power managenent nodule 70 al ong
with the MAC nodul e 68 and processor (not shown)

to o3yl T8 uRRE LI ipAREVE, Rogel T4 GRNEATor) BaNHifpertormed
peridiselly ey Wb &Yoot AEP. T2PHBTG AP Ofb SSHANN SR ARG rgctive

may al so be |ocated in the MAC nodule 68 or the power
mode@ndfarcin mnyudtbes Suitaliedwgsisin Adiernatively, dhei ealigratin module
nodul e 102 that is associated with the power
102'vaBq Geremittedicfarheheé Qviretessphétoosk tgvinpe®d.t o cal i brate
the duration of the inactive node. The calibration

”DgUbQOOPOZThéC;%W&S afd AOEK wiodtile 8 flitheroipeiudest eurrent and
100 and a PLL 104 and calibrates a value of a counter

o3 BB A AR 8 o, St aner

ve no can’ be perforne

w858k 2B S S R AR o i e
b N 35 i SRR o TS HAFIRGAR ne o

devi ce 60. [0090] The power and cl ock nodul e 66
mofeupfftahip icatibration resistarat(nghghows) eagehsi vpltager kigs taircuit may

108 and 110, respectively, that provide current and/or
includé tomgeorrnase eniahipy easistoss (iot shows).ahbaod gapovditage reference

(connections not shown) in the wreless network

112/ayBe Gd 6ia URé elireht Bias @ircaiiiD8108 may i ncl ude
one’or nore off-chip calibration resistors (not

or WRLFD1 A Rl SR CER, i) 10 fernfs coc
recéfl)é{tya edr {ﬂe?,f e%g%?alo& %%dnﬁﬁitglem%%%st ‘P1€P iaﬁa ﬁ%e rggﬁé&QEIy, 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.
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[0091] A clock data recovery (CDR) nodul e 114 perforns
cl ock recovery and includes anal og and digital
nodul es 116 and 118, respectively, or only digital
nDduIes An output of the phase |ock |oop (PLL) 104 is

\w%ur eDEI H@RgﬁgﬁrﬁF 5 f&Dﬁf?r{ gﬁ%@] S&&iéﬁgérb B, yftied each

accordl the prior art il.lustrated.
beaghh anierllat FohEXemRp. s delailt debiyfiion,may ke ceied i the
transm ssion of a beacon signal 122. In a wireless
beasenwsighalopa2at Asgai resulie thefstation @ccess seguence Her Ape client
transmts the beacon signal 122. In the ad hoc node,
stationsevaries witle eathtbeacohiistervalt dtheoclient statiomistveait the delay time
beacon signal. The client stations attenpt to transmt

aftefldha tAsfsthidsing hedaRf EtRined leaybéfof@ Sraremifingngatahe When
recepti on of the beacon and during an awake interval

trar%ﬁﬁg%{ﬂﬁ%e'asdé’l%ffr @&gpédk%t BE&CHR r?tbaﬂ ist éémpfete the device

I"ay, tines for each client statio

oo L B BB eyl A v

ignal 122. a result, the station access sequence
de%lagt'%efmqr@ﬁ etﬁ%@fﬂgﬁ%r‘?%“(eés with each beacgn
interval. The client stations wait the delay ti
af ({6094he Afiabelient istatiomewaitsa fiss siede timed afedlusféated at 126.
transmtting data. When transm ssion of a data frane

Secondp tikk tandveth dibat stationsrbeginoeaiiihg secondiethitdyi.cand nth delta
that receives the data packet may transmt an

tlmé§WBQ%&%IW”Sln@éttﬁemmﬁnéf1 it ftfe sHegédtNAte@Rinafestfitet. The
packet is a single receiver. [0094] Afirst client

f|rstiélgédt°s{§%f(f:&gﬁng)%n§ﬁ{lfs tdéa?]%' G ?? élri']uts%?tt%c% :agﬁltszrsgte%lﬂat the first
clle\{\\’?sttauoﬁ trsaen%%‘l S a a packet ata\% {H reqﬁélhﬁ\g 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.
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tinmes, respectively. Since the delta tine 1 is the
shortest, it termnates first. The first client
station transmts a data packet as illustrated at 128.
V\hile t he first client station transnmts a data

the r ining.cli t s, ar till
TR’ o Sitadtiest PRafon thtep/ai (dl SaD: 1k, Ggindimes of
wor ds, the transm ssion of the first ¢client station
each; stabien sanupe Valade 108 PXamplai fhe oth &ﬁ?"%ﬁﬁt'PBn@aar%Pefate
still waiting for their respective delta tinmes to
accexding do theefiestodelta ttivae shcand thiei rat cligndt stationamay operate
the second delta tine 2 (the next shortest delta tine)
accerling ltoithe dbhied dedta tir88. 3. TI8imiladypnthecdelén timssaof the réraaining
transmts a data packet as illustrated at 132. The

cneﬁhsﬂaﬂoﬁé ip8vapical | Poseakkied e thdaftccatebpprecidte tRabthe delta
Ilustrated at 134, and then transmits a data packet

tlm%ﬁ drld m?r%ﬁ#@qhé.tstm azelge{kgqﬁéﬁﬁ“méttr ?)?SQeré!@'sbﬁuentlally,

fatinme n as frated at

smtsad a illustrated at 139. 29
ran% 5]or frhagxlsg’bedﬁ@ﬁ?g%ergggﬂer nterval s (not shown), the
delta tine each statjon can be v
xd0898] T RS alient statinnss Fansan gy NG PRweBaRe after all
to the first delta tine 1, and the first client
clieat stationsnegmplese dransmissiondasgllusirated byithe tegminationnef the
3. Simlarly, the delta tinmes of the remaining client
awakedinternal t24 Far ezdmpld)ds @ wielelss djamming metwotk operating in the
appreciate that the delta tines, and therefore the

mfréétﬂldt@rré 8F &RIS fob afibe8 L eacliaicht sitAlonerbrAgiAE eawake liy order to
randonly, or in any other suitable manner. [0096] The

rec&\/ S (dath PRERAS fidrA'dtdr Gikn Qtatlaﬁs IPiNeP M orikode af ter
Vp ol gata pablets ot &

Ions conp transm ssi on as

'1'2L{U8§zf‘t eggﬁ%]ailt\}s‘y;eergnhna S§tabg%q@\sﬁtéq q(rthg rI\c/)\zilvI power
mogeIO ?rrnérﬁedrllgtellynafter 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
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infrastructure or ad hoc node, each client station
remai ns awake in order to receive all data packets
fromother client stations in the network. [0097]
Alternatively, each client station transitions to the

statlggglgg(%ranémlpp I@jﬁﬁrﬂnge tel%daft@:r%tsruﬁgiqnﬂqtgt‘\ (rﬁi‘geg:lt ? he delta
operating in_the infrastructure mde, wreless |
tlmefedew@edoweﬁ% fg HewevekinedF s limRs rns9swreaﬁstfm$ gince the
to the | ow power node imediately after transmtting
trangetission rediacbesanes (frey ratbiendbanhe fiedt time aincesthe beacon
sequence varies follow ng each beacon interval, the
trankhiisdion SI20Nn¢h thibi rdnnem deathhcli@nt esbationsmttiscmssmmneslﬁ@ time
approxi mately the sanme average power over tinme. [0098]

afteRefHY ridizoROWan3niisSibh €822 Aahlifopudifler’ B BrelvidiisN&lient station

diagram 140 illustrates a first inplenentation of the
on. Each client station is assigned a
°°”ﬁ%?é§ﬁ{adﬁwgﬂéh1 FStime 1, 2, 3,..., n as opposed to

L R Py oeacon

to transmt in the order _of ascendi Iar
intefyad @ reteimipe WhRIhge(Q Wait hcassianad. gg@ﬁ IE§F e a Shorter
However, the IFS tinmes neasure a tine since the
altermativeni S time e ¢ 20riee dmptesmentation aifhar cliemirstation yegeives an
tinme since the beacon transm ssion 122. In this
expéBiate humbae lofadatantackets iobra paiticalan type que. bF preceding client
after the beacon transm ssion 122 and/or after a

staﬁ&r%vw@trshsmmed)t fHdnOthat eRe a8G6n WaRe Ak ShlePhative IFS time,
[ 0099] The client stations foll ow one or nore rules

n e e a~3ss.%gﬁ@@@faﬁbﬁﬁdﬁsémﬁ%ﬁt”g@sﬁﬂfﬁéﬁ e cai
pacgpf &Ggéér\g/& a3 roéb%ri ient gﬂarhonan-l!c?v{/rg@etrag'c?eht %tfatign 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
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expected nunber of data packets of a particular type
(i.e. all preceding client stations have
transmtted), then that client station waits the

alternative IFS tine. In typical wreless gam ng
in 158 Blatlhs 4 s Sapuenes atord a&? ‘fﬁ?qéﬁtt'@@z‘%ﬁ*’%@fore only

However, a cljent station nay more than one dat
exppaiskior resabes the tqaéaswﬁqkeadfqmgths "Fehclent stadopalle. pe data
exanple, a client gam ng device may transmt a control
packet af pacameqted dypeyspriogtmiragsonitlinge, If ¢he saoond client station
transmt a gam ng data packet to all other client

recglfes fige daey ipaeket Troat ¢fiofiest clight station, thei ssdondadieng station
devi ces woul d expect to receive the gam ng data

wali%afrhftlFS bitnen 9t ad NRutRIIEA 04t 4362 aPaclrahsmitd 1@ Uata packet as

rring nowto Figure /A if a glven client station

u||us&u%‘fé‘d 4f148. data packets fromall previously
ransmtiing client stations, the client station

P TOH o s oFBr Lol BB e R %@ﬁ?éda'readv

at 142. The first. client station waits the first

transpitted data)duting Mg keacandaienvalathese i80; aw#'&e@w%'on will
144. The second client station is second 31 in the

occut betwaenthectirst chiepteatatiomandthe sgcond client station @t IBS time 1.
and therefore only expects to receive the data packet

The third chentf statibn kit iat thiei station . #ccess esetpiehcepanketherefore
of an expected type) prior to transmtting. If the

exp%@t%ng'e%l‘v@ Hvodath tp%@ket‘seﬁﬁir‘(@ ?rahgﬁutﬂﬁ? a |RekRird kcliel station

irst client station, the second client station

ol B 55104 AP 1 0 M o it s g o
salgh Bl nd 3 S8 Wi B, 550 e Pinsths h Hhtp paekt as
lllustrlgzlted ait 152O 'I('thaen%’ﬁ'\Ir cltlel?'\?tstgt%nl 6€érgPesWaJ1;Iogously 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
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occur between the first client station and the second
client station at IFStinme 1. The third client
station is third in the station access sequence, and
therefore expects to receive two data packets prior

h : .
comARgingaos e, miasiam; w%oﬁ?é%i&%éﬁ@r@cM%srqr@ﬁﬁea'%eve and
stations, the third client station waits the |IFS ]
in Figute Thy het el tenasd 2ara Sonttieantya eaugat 1 piastor alcclient

illustrated at 152. The nth client station operates
stationes! toayamsit and melcewe psoperly. IFS tinme 1 as illustrated
at 154 before transmtting a data packet as

i 1 I[0$03pt ed Reféfing now stdsEiguent 7Beathen timingr \didgram 140
the IFS tines are varied as descri bed above, but the

lllusQHtéé‘BPel%tt@h'd? MRe eREY AidorisOwheh oA dliBat StatoRdodeIrt receive
or alternative IFS ti rres [01021 In this

o B85 o oG oy BT ik B o s
oo i Saeh? FEUNGED ?ﬁzﬁ%zr"@ng@% %%&%%ﬁbg@d

for all stations to transnit their
station:dees sohprpeslydeceivetbe .dﬁtaaea?if%tff%m %?’ Cgﬁat g&aﬂ?" For
be able to transmt each beacon interval when 32
examptpethiensedand client stationnmay tiet secrive e dateepagiatdueno noise
descri bed above and in Figure 7A, the awake interval

or dthér iretwoknpfobtems) yTherdfared thé seosthd alient statibnewaits the IFS
stations transmt and receive properly. [0103]

timge% Q5 illstrated 4t0160 PHBE td tdanshiiing! dld2ta Pareetas ilistrated at
ustrates operation of the client stations when one

162! *rﬁng?é QB Hih LRt %Qﬁoﬁseﬁrﬁig\éﬁy récél all &éfé’dm{g 128 Backets

preceé |ng c i ent” St rst c t st at
after..|l EFS

ond AEBATES 4 3 BG4 am 16,

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.
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station does not properly receive the data packet from
the first client station. For exanple, the second
client station may not receive the data packet due to
noi se or other netvvork probl ems. Therefore, the

client its th
S oo AR ﬁFv'ﬁ'ﬁe Sobfd it stariFh, ?"@it he abseat from

aS|IIustrat Thethlrdadnth

the M?%@nq{pbg@l kg tr@@é@\'tv%'t‘%gqth%"r 2% SHEWG '@a §Pet Jhe first
and wait the IFStine 1 prior to transmttlng

client station dransmits asintarnacket after S el itime yi. ag dmr]ated at 174.
Referring now to Figure 7C, the timng diagram 140

The $écwsid diert stptioratioes not trahemitl a elata paeketonthetefore, the third
client stations 3 and above do not receive a data

clleﬁla§t‘éﬁbnfv{/é1f§ thePaBRRM IFS ﬁlln'ee@taft%? ahé inst dilemt statiin completes
client station transmts a data packet after the IFS

traﬁshﬂ?sﬁn 33 iflldtrtbd @ %99’3 atTthﬂwEE!]Snﬁ%ﬁﬁé‘ﬁ traﬁ'shﬁ"t@ta} data packet

receives t transmts

o e 50 o b 53783 Sl A v

dofailf 1ESt 1o AUREArCAn N Pl sBoacRaBleles dinomisabn as

station. Therefore, the third and nth client stations
illusiratechat 18@panrd thentsansmits aidata packeisuilestrated ir1fL ¢

IFS tinmes 3, and n, respectively. 33 [0105]

Al tfe106} i vel Refelringsaowrtd Riguen8, atfisti 618 time $eleetiore method

from the network and/or fail to transmt altogether

184a§e§|h§\’|ﬁ dtép HigBUr th $fap 188, fhe' Slfent Gtatiiis enter itk active mode
transmts a data packet after the IFStinme 1 as

pridr t{) ‘f(?éélf%ﬁld? Bbaddf trany?ﬁsest?&?oﬂgﬁfs 59, tﬁ%?ﬁ?ﬂ?ﬁ%ﬂ%ﬁs receive

Fans a dat a ore,

o AT b AL Bl e e e
IFSigtlw{agg t@% g‘t@gglﬁ\tt s%;c%ns-rhlﬁ tttula1 Ipllr'(i,jserhlt Im%BIten?éna’}gtllgr? the%esérgoailgnal
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
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after the IFStinme 3 as illustrated at 178. Simlarly,
the nth client station waits the default IFS tine n
after an (n-1)th client station conpletes transm ssion
as illustrated at 180, and then transnmits a data

Lo A1 6 Gl s HE ol B 5 Bt e
e ot BB S L oL, 208, Lhe cl et stat ons
transm ssion. In st ep 190, the client stations receive

t hd0OWRHcon silyrsder ‘rﬂ&e the :lignt stajieal detesminess whgther the IFS

that determ nes the default |IFS tinmes of the client
timesobsteprif4 omstepel 96rissnt|f trop) theemetitadot84 comtiressctorstep 200.
signal may also indicate a slot mwthin the station

If fasa,ethe metitrnds4fntinaed t6lstept201st pi Bféio 201, the client station
Al ternati vel y, the beacon signal may incl ude a si ngl e

deteffH |H8 Wl?éthér” é%ﬁ&q&%dﬂ .ﬁétﬁuﬂ%aﬁé & IFRue 'fﬁe @Hﬁthod 184

rn or eac lent station or exan'p

retu?ﬁsﬁﬁq %*gﬁ'/ t"d@ph?%%ru@% %%ﬁ;o"ﬁ i%‘????‘i’i“%ﬁq{é’oﬁsﬁﬂ?? pistep 202
the sleft sl fesis e SofMeE nrhiin eoie: Pig Taims o ater 882 In
m 1 data packets of the correct If true, the

otherewpests, 1isa cient statien aoptisuep tq gvait %\e I8 §me fafeasiongoas the
184 continues to step 196. In step 194, the client

transission maditmmais diideer nHt thee dieft tstatiorB4ddtbets astivitygsen the
than or equal to the default IFS tine. In step 196,

trarfshﬁssabhﬁﬁéd@math@msﬂmetrfieéét@ default IFS tinme. [0107]
I'n step 198, the client station deternines whether the

' Fiw%& e 4°f Iﬁts?%’% ézg)‘bf %e%h%ﬂ&%%mn ?Hﬁsmltg 4 Hﬁf‘a phBRet. In

conti O ste

s Pedind e 1t e e v o g receted
data pacﬂets F'ro]c ! eﬁ the ot relrjechen{1 etartrlgtnlg in t%e 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
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returns to step 198. If false, the nethod 184
continues to step 202. In step 202, the client
station resets the IFS tinmer, and the nmethod 184
returns to step 192. In other words, the client
St a nti nues it it t IFS as lang . a
s ho ! flgndie JBeERch 2 Tebpbls fascsusediphl beRlpp WRtbris and
station detects activity on the transm ssion nmedi um
returmetq stepi 188 If falsethe f['@"i‘@d]1&4|1fe§lﬂfé'§ tostep 268 cl i ent
station transmts a data packet. In step 203, the
mef0100]184 dReferingenowiieFigures [BA through 96, he diminggliagram
received data packets fromall the other client
210silasirates ansédondnwimpleaentatinvof khe présent invieatiber  tfhe client
beacon interval wll expire soon. If true, the nethod
statisHfrece Ve H8stat phcket 8Pa Pafticuldr tpé from tHeeinfrakhitely Pfeceding

returns to step 203 until all packets are received.

chebqut‘%&lBﬁ M P Efht cﬁtétl&ﬂ L/va?tgaéd QRSmBRYE IFQWﬂbEtt?éi‘ore transmitting

nsmssion an beacon |nterva
d 1 4 continues
datgy g SHe HBfin diss Takr e (8 3@9@% 233 Ragle flom the
station waits h | i ent t t
immgdiate prqq'edmgml% jon, the gl %@ﬁ Site n Wil chedfgrautt TFs time
station enters the inactive node. In step 207, the
befers: thansmigtingsdater Indhe presant ieplesrntationegach) ¢liest sfgtion in the
208, the nmethod 184 determ nes whether the inactive
networkenaintans3a tableupf. MAC taddessselscfonailhathiel 8lemtegtations in the
for subsequent beacon intervals and returns to step

netﬂlgﬁe ]H otifdrsRordsh @aeht dieat Litioneisuatle tbOIdéhglg tl?n@8data packet

Referring now to Figures 9A through

rec&\/@gi fom ﬁqmm%ﬁbﬂhg}e‘c\éﬁ r{é;ac%li% t Qta'flﬁﬁ%epfon its ’VIAC address.

at| on o nventi on
AddtichabneaFials Beeks 'aw@sa.'ﬁtgmq% 5t e BEs 19 Rfter in the
statﬂr{igg%egst g}qlgggnc\:ﬂéa | tlﬁ t%llns %latn%repaglr\égellvﬁ\% }:Illenrr\Fi st%SESn ?s 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
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data. If the client station does not receive the
particul ar data packet fromthe imrediately preceding
client station, the client station waits the default
IFS tinme before transmtting data. In the present

i ementatio each | en tati.on.in th t
trarafils, 2 TR BPRGHRtCATT (STl ncas dlbtigled B 2{c, Wever, the
client stations in the network., In, other words,, eac .
second efitent iskatiosh dogs JmteProperiy dgeeivg theedaia: RapkRiklEem Phe first
received froman i nedi ately preceding client station
clieptistafioon Therefove, #hrisesend clienti statiomwajts theclir Sitime 2 prior to
packet includes information that identifies its order
trarismitting a slatd ipackeicas dlistratpdeat214.1 IThehihirdnaliené station properly
receiving client station is able to determne if a

recBREb itge!data Paticet sk he Wasond alisitistatish, indt the nth client station
i mredi ately preceding client station. [0110] If a

: p . : : ok ‘ -
propEiF GeCeFs the cBta PRckEFRbKPan, (P BF SPatkR® (TheldiBrB UHE thir
. Stati,on waits t [[ES, ti 1. Lf. all | i ent ti -
cliepb 34tED A4 e, IR heRt el @ s, St bR trBRSmitting

i mredi ately preceding client station, all client
datat ations wait the IFS time 1 as shown previously in
Figure 7A. Referring nowto Figure 9A, the tim ndq
di d9M14M 210 iRefestingit pew dpeFiguren9B; thee thmingntdiagram 210
stations when one client station does not receive a
illustedtes apetdtisn of the alieritrsiatibres whign Ellesidriengent chent stations do
station. The first client station 36 transmts a data

nothekivk AHLRI ph&ietifidi® alprtelingudichtsiflionl PAE first client station
However, the second client station does not properly

trariﬁfé; éﬁqét%ﬁgr@g{eﬁaﬂé\‘:l@ tir%ofnag 'ﬂgsfttja'h?d at shge Whﬁa second, third,

ore, the secon I en ation

and e <dor 4 O i RLOAER A0t PR BRE B avon
receives the data packet fromthe second client
The sgepng clienistatien waktsdhe dRP tkpe 2 pyjpr 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-1)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
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properly receives the data packet froman (n-1)th
station. Therefore, the third client station and the
nth client station wait the IFStine 1 before
transmtting data. [0111] Referring now to Figure

el 03 tb%%@%‘*-%@q&ﬁ%éq 2 Jh¥eleE, t%?‘? ﬁ?%' bl clent

stations do not ei v at a packet

statjonodegs H@’tctrﬁ"bﬁm'tst hers reTE'%E fth'?‘iltc"@m étﬁt'oﬁt kangpits a data
transmts a data packet after IFStine 1 as

packel after watinghedES. timpe3 esdiuairatedhiat @22. dhthernth glientratation
stations do not receive the data packet fromthe first

properye receives then datal packeicfronh thei émd )thtdienbstation, themdh client
IFS time 2 prior to transmtting a data packet as

statidn usds FSeimat1,.218. However, according to the present
|rrpl enentation, the third and nth client stations do

t[ s to %%Caéé’@nﬁégﬁagﬂé‘lrp b Iglggfﬁribp[éhflgéﬁutﬁeguent

ent statlonlno er to use

t .0 . [recej tE . .
chea’;%teﬁm Wi b B8R e i e fmelifiefyDideding oiont
lient station uses IFS tinme 1, Likewise, if the nth .
statm diansaitied & rastielat daid Pagkeh L‘él@W@t’e'ﬁr'BwP?ﬂ%'” S'tfuat'ons-
(n-1)th client station, the nth cI ient station uses
collisie majreceur.[ benexameles iftha dirstslienbstatignienotable e transmit a
timng diagram 210 illustrates operation of the
data lpaekét, Hesecorsl elfent stationcwilldranssiibaidata packest after IFS time 2.
transmtting or disconnects fromthe w rel ess network.

AﬁeThﬁefséo%théneﬁmsta&t@t irafsraits L datd backetd#ia tHaTL kRént station

after IFS tinme as illustrated at 220. The second
will %ﬂeﬁ@ tPlsﬂéﬁ'ién‘?i?aS(Iﬁ’%c% %eg %ﬁteg g - %ﬂ_é;ﬁr elf-IBfggvelt ITﬁe first client

sl el 55 4 i U B B o

fromthe (n-1)th client station, the nth cli
attempt to trargsmlt) data packet after IFS time ‘P resmﬁtmg 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. |n 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
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station uses IFS tine 1. [0113] As described above in
Fi gures 9A through 9C, subsequent <client stations
will use the alternative IFStinme if the i mediately
preceding client station transmtted a particular

s B BT B Frenbod 84h Bt P BB etontipgn n o

station is not aple.to transnit a ta ket, the
-5 e BAep. BemRINGth 228 FRINNSS i sep 254 oHi aSendhe method 224
after IFStine 2. After the second client station
continuessta stept2ab. datsiep 23k ethe cligat station waitsean alemative IFS time
will attenpt to transmt a data packet after IFS tine
thatlis sHovtev ¢hian theedéfaulttIFS! tirmat |In step 2386, thd tliembistationt whits the
the second client station conpletes transm ssion, and
defalISIFS fineenpt to transmt a data packet after IFS tine
1, resulting in collision. Therefore, although the

Lﬂgf’g@gt ati gf (i85 T3 qHe | dlicht %zfﬁtf‘o?l g&etrﬁﬁr%!gb\/h%ﬁ\er the IFS

\ significant Inprovenment 1n a noise-free
L enyis ' X S t hat | J t al
tim R eBEE Drteb Eladp JF e PRmaftREL7 BOnRUSTol Go8 240
Figure 10, a ond | FS ti S ction hod 224 .
f ey 6 MMt 339 RpntiySs o eB 4T, hl Slerbed 1 ihet Pl station
transition to the active node prior to receiving a
determines whethenthss trepsmission epedim ist fieec| If die, the dnethes 224
recei ve the beacon signal. The beacon signal includes

retutas éo stept 238letfdalsentie methatb224iicontimiges tonstepd42. him step 242,
client stations, which determnes the slot in the

the tlight NBLAT s SRR iMet MndEtemethdRn224 rétbirmeto dtep 232.
step 232, a client 38 station determ nes whether it

PIOVYBE, 2, ST EBAE, et S i, £l g, 1
o 3% b e B 290 4 LM eh o B 3B chng} Foenes
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
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that is shorter than the default IFS tine. In step
236, the client station waits the default IFS tine.
[0115] In step 238, the client station detern nes
whether the IFS tinme of step 234 or step 236 is up.

22
224 trepbats hf%f@@@ﬂeaﬁgaaaé%ﬁ?n SHBE B 2Rl 14 $tsn, 22B,, if faise,
41, t t t d
e e B o B 22 T T

returns to step 238. If false, the nethod 224
cofi@1tlles t o Refeming4mow fosFiguresi21 1At theough ehiD, the timing
station resets the IFS tiner, and the nethod 224

diagraii260 illasteatep ﬁ&ﬂtrd[lﬁml@rhehtatleheof 70 présentcinvention. The
station transmts a data packet. In step 243, the

cllemeétaﬁtgngape HRARIdTINGS SweMae tnhere g?rb@f@' érﬁi‘baélﬁ lieANstBAsn within
received data packets from al her client stations

a gfdﬂllpelgea %rﬁ%qeﬁsdé?%l‘f“ﬁ% tlrﬁé‘d r?bn@"'iﬁ’iﬂi‘ﬁrhen%dtiﬁ)o dﬂg?%fault IFS

expire SOOﬂ true

tme’ 5 Yy o8 ol agatint s goug o Bmb FF ST Hug horemental

In other words, if all stations hav Iee
deltetisvie t9 delasming, alalpN A76oB SRGHPNGn RATREIQUD s fssignedean IFS
soon, the nethod 224 continues to step 246. O herw se,
group eunher ioat determines angroup |ESetpT\QJJ§S§r1d|Ft$\@25lFaﬁG@n JIFSGx.
waits while each client attenpts to transmt in this

Eadmslieiit statiorsireg phtficuldhgratlp Bnassigradd an [ESt statioh mumber that
inactive node. In step 247, the nethod 224 starts an

detéﬁ‘ﬁﬁéé‘é% iﬁ‘é?’éinéh@'deltb Ringd 21, 248.A3 L. h%d”fe'l'h@fbféﬂa‘l each client

determines if the inactive node tinmer is up [ f true,
e S b RSBt lmG4 8R4k R pumoer

[B?g ég rl Ed E ‘?{‘Jgﬁta&?% pzrgﬁgﬂ%o#% esF3 ef da éngacke\fv 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 11A, 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 A1, 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
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di agram 250 illustrates a third inplenmentation of the
present invention. The client stations are divided
into two or nore groups, and each client station
within a group is assigned a default IFS tine. In one

I mpl enent ati th r

a seqopgaroup arciva gl IFS smesy anh 4 FeoioRefif T Stime 3

. incremental delta tine to determne station

is equiyalent éo apgroNPdFSuMPdFSER eWéaﬂ]ﬁrﬂ"WS‘e’ﬁ?'o‘i’é?%ﬁ%em and
that determ nes a roug IFS time | FSGL, | FSQ&2,

the IIFSGine .4 jd EqUivalentderinelgreup IESatime IFiSG2 phisr thecincegmental
group is assigned an | FS station numnber that

deltdeaires M2 eFifthnandh sixtmelidrd Istaterisaarei statioxs 1 4Rd 2 of a third group
A3, ,Aq. Therefore, each client station is

an@ﬁ%ﬂé‘ﬁaﬁﬂ IPBitinéd 51dnd @ redpectivaler ThatFBnimd5 is eguivaltent to
nunber. [0118] If a client station properly receives a

a g@#edl 3 eFtlFé@g%@S tﬁ@ﬁﬁ&é%ﬂﬁ%Itﬁ'tinﬁ‘é‘msbﬁb'tﬁé IPS tite 6 is

i'ng group, e client station uses

t l,] est IL.ITe I t
eadyaief tlnmwm&% e 5% Rls BB RS nE! dsftime p2
recei ved a data packet. In other d the c¢lient
CoABNERT o AL RSN IR SIs | e s  Bedipt cffn the
station uses the smallest IFS tine of any preceding
pretedingtgroupriF$. time1nles areineramentat delta gimeAgy fror exa@ple the
and second client stations are stations | and 2 of a
grolipriFS timeulFSGA ibayreatse than the gBoup HES timan&SH1 time plus an
respectively. The IFStine 1 is equivalent to a group

mcﬂe’ﬁ%ﬂthﬁﬁel‘tfﬁﬁe RlgV's SAildriys tieso@p 1FS tinge IFEG3 il greatet than
Stinme is equivalent to the group IFS tine

e PSSO P A g o o
and h ve de

clig SfrlorR U8 P et istoipe Aot 1argBr gl e i gt

IFS time | FS& plus the increnen de| t
statips of preceding groups %here ore, co‘h%llonse fa\l/veen cllent 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 |FS time 1 is equivalent to
the group IFS time IFSG1 plus the incremental delta time A1 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
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the IFStime 4 is equivalent to the group IFS tine

| FS& plus the increnental delta tine A2. Fifth and
sixth client stations are stations 1 and 2 of a third
group and have default IFS tinmes 5 and 6,

e ESPEFA e&é@&gsﬁi&%naa'ueﬁcrg@ﬁfaféséﬁk hrie, {eIHGHen
e A v S5 e 5 e e

successive group IFS tine is greater than the
transmitscaldatp packed aftesthe KRS fimes?2 a8 illustrated at 268 ddihealFS time 2
time Ag. For exanple, the group IFStine IFS& is

is equivalent td Itiven gtdigp (FStimd FSG1 plud FigGhctemental deltarttime A2 as
increnental delta tine Ag. Simlarly, the group IFS

llluﬁﬂa[@j b 289, | Tha' RAHE ciditstafidte rédeives s> datdackeGom the

plus the increnental delta tine Ag. In this nmanner,

secé@? C|IFH ?@goﬁtﬁd ésnth%UI*F%eﬁM%nﬁ dI'tRE %%cBﬁM Q:h'eﬁf‘g?dtlon as

|rres an the client stations

s gh 2 TR; %ﬂ“ﬁ eerbf%ﬁg%ﬁé&%?f%%’zﬁ%?o%?%ﬁ%%ﬁ% the

sochp bR i ot e Pl P, el o s
the IFStime 1 is equivalent to the group IFS tine

time Bsdnithplpresemicexaroplentha aixthueliend statign musgs the IFS time 2 as
illustrated at 253. The first, third, and fifth

illustiatedhait 862t i ons are all associ at ed with I FS station
nunber 1. Therefore, if the third client station

reqeq22p t he REfbAIRAGR o fm?mﬂée 1MiB, Sthe Climigi diagram 250

station, thethlrd client s ion reuses the IFS time

illu#?a‘?%shmée éx%rﬁﬁ&n OF N ElieHt atdtdRs ifthd Eb#ﬁttﬁﬁf & @Ilé‘ﬁt ig‘l‘fcn does

client station receives ata

v 330 g . B8, bR, Ebhe B o bbfling @&nz bl i -

IFS time 3, whichever is smaller. In the presen
pre@&@ﬁwg;ouphequ flirst @I|qn:§,§[tatlon transmits a datd 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
ilustrated 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
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station reuses the IFStinme 1 as illustrated at 256.
The second client station transmts a data packet
after the IFStine 2 as illustrated at 258. The IFS
time 2 is equivalent to the group IFS tine | FSGL pl us

oo 05 60 e 2500 WAl 2 o

ustiefRl € 573 nd Reciatiy Clntertabes Seeaes dhe data dackeliyfigm the

260. The S|_xth client station receives the data =
secpad icienrt statian end thededra ciaat statien.h Thie eixth dieat station is able
and therefore reuses the IFStinme 2 or the IFS tine
to rdusd aithdrethprlESdirhe @amtbledF Sttime i, xthicheviee ig saller. ohherefore,
reuses the IFStime 2 as illustrated at 262. [0122]

the BRdIF ElieritGtan tcusbsaneé ¢FS Lintd 2 EBallustrated ad2agr am 250
|IIustrates the operation of the client stations in

t h t th t d
| ﬁef@rrﬁ'{ge%sﬁ)aﬁ lred98E, g‘_ﬁ%g f Ie;dtléfgram 250

ree adata packet from a torrespondi (

by e dbeRer] 31 AH Wty 16 NPt 188 i clen

stafaisciq B! bRped Taogie iacdatp e?ﬁém#??tesr%%ﬁ‘émﬁpg client station
station and transmts a data packet after the IF

in a1 peaceding geupat & the ppesent Exaninle . eciousth fl&haanerﬁlxth client
recei ves the data packets fromthe first and third

statidrisedd net ptapenly recelive the slata packeal dtcan plae khdtd elfand statiom. The
IFS time 1 as illustrated at 268. The second cli ent

firsSa/d *tIQﬂ:i tliémtsstations udatthe RS Kthe af hgrddsBeibéd abolve MeH@wever,
as illustrated at 270. The fourth client station does

iherrﬁfheeréiﬁegtbﬁoﬁ Wt ot pBBefifirdodide kAb d4iapddNe HRARNe third

nt station er ef'or ourt I ent station

e Qb e, ey RSP e e
timtle FZS w#\igﬁ Ié s %rtelr ltﬁgrti rllgget?mg% Zzl%erér ore, h% tS(I-',‘cond cllent sztatlon
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 A1 as illustrated at 279.

[0124] Referring now to Figure 11D, 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
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equi valent to the group IFS tinme | FS& plus the
incremental delta tinme A2 as illustrated at 273. The
sixth client station receives the data packets from
the second client station and the fourth client

o BB 1 i Bk G 94045 s o

smal | er. Ther ef S tati ses
cliebhalias PRamS Gats ke aesdnalrs e § GesotubRdn prgyious
now to Figure 11C, the timng diagram 250 i I | ustrates
exanples pekhe fomrtoiclient statioandoes aot seeeive a Hata pasket fram the
multiple client stations do not properly receive a
secdad zlipatcstatiohy and shereforestpansimiteya clata packetaftemthei iirSatime 4
precedi ng group. In the present exanple, the fourth,
as illuétrdted atR80. X Mhecsikibinglient istdtiom e ceivesothepdatagsdcket from the
receive the data packet fromthe third client station.

four-l(lliI %Ilerfl srtéttlor?l d Bidtle % F&ide tﬁb"’lFSCtﬁﬁ? \45'& theﬁfobﬁciléﬁfestauon

escrl above. However 1 ent

not properly receive the data packet from
as 'ﬁ‘h@%‘%ﬁﬁg%ér ient station, and therefore waits |IFS

ti The cond client tat| n tinme,.2
uhilBA2SL  shoFtapeLO RaFIdute 12: 2 7R IS e RIS method
second client station pree ts_thefl_fth client .
290s bagingrinastapt 2% s i tsep 44y t nﬁﬁ@'ﬁnhét&ém% ¢QME AWk grior to
at 276. The fourth and sixth client stations reuse
receiimgl &dedocon Fansmidsiors edonstepl 296t thesclient atatioxs eeceive the
the transm ssion nediumis free follow ng the

bedcofnsighaki dhd beacdhesigralxinbludies eddtasthait i deternhinesf gloup and
client station transmts a data packet after IFS tine

staﬁ_’on ntikit A f]g@\%e% fo71'7<,3achTBﬁth ls&atidnEs ﬁebérlt‘f’éﬁJWﬂﬂH@férence
to t i e

e group | FSG3 ['us the increnental

o Bl V8, i, H 0, G, B e

operation of _the cl t. st at t t, .t hat
acaging o B STBHPJF t@?eav'mﬁ%agé’g?efs%{‘qsnaéﬁqsel?e.ﬂﬁgee%ltpni‘atwew,

network. In the present exanple, the second
the group and station identification num ers 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.
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43 client station is no longer transmtting data
packets. The first, third, and fifth client stations
transmt data packets after the IFStinme 1 as
described in previous exanples. The fourth client

st gk does not r ivye a.,data ackt fromth
SedBHBBLI T antn Reh . tﬁﬁ&“@ﬂﬁﬁ@“ Setenlif %gﬂb%{ttge IFS
packet after the IFSt as |IIustrated at
timergtstep,300 en stent302 latupo n'f Freeeth?e@em?é’ 40 50'@%!@& t°f=‘r't6i>n305
the fourth client station, and is able to reuse the
If fal$es thenmethast 208 ecntioues tolstep308t an step 388, the client station
illustrated at 282. [0125] Referring nowto Figure 12,
detérniinés dvidtiet thee traabrtidsion medibodis £86. Hédiues the méthod 290
292. In step 294, the client stations cone awake pri or

retutrtl‘?I s td § :¥04‘9Iféfai%aﬂfénnkﬂ%!iSEQQ%bﬁfhuésﬁtosétép 3”-‘15@f5 Intdtep 310,

ent tations receive the beacon si gna beacon
e %&?%ﬁf'%eé%%??Ffﬁeiﬁ%ﬁ”%h%%%?@ﬁ%@ﬁ% g26p200

i bed W th r r | qu
T1A3 er 1 o B0 AR arngt Sttt | rsﬁﬁéﬁ§i%@e?é*%ﬁcket- n
accordlngtothe roup IFS tinme plus the jncrenmental .
step12a the fethad apfldatoemipss whaihbr e iRt Siationohas received
identification nunbers are pre-assigned. In step 298,
data packeterfrorstaitatber diand stations intilee Wirelass netwerk;eandden whether
packets fromone or nore client stations with a

the SHacOB At AWt @tpiensosientf frusatheomethtdd200i cordinues to step
preceding group and received a data packet fromthe

318! [198iseS s hdth¥é D00t lRfurh8rtb &9 B4 RNhtH afitpddRets are received.
I'dentification number in the inmediately preceding

In %\8? ’\)/Yorbg tfréﬂe st%t Eﬁa rWé\}éogor%E%t? %‘Hsﬂ‘ﬂ%ﬁgﬁ Oﬁrﬁtﬂgf g'g@%eacon

cont I'nu

i B 0, ] B4R LB "G . o
meh\ﬁtgéélfréﬁréyg Irt]o réltjenr;o %(I 2f£r$dme\gﬁglll %Ilqle;lthgta(t:llolne;t%erﬁét%t tlo 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
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recei ved a data packet. In step 302, the client
station waits the default IFS tine. 44 [0126] In step
304, the client station determ nes whether the IFS
time of step 300 or step 302 is up. If true, the

net hod. i.hue ste If false
cortf3pRAingatieE] Mathite dobt gﬁ"'é%sate'wrgsawnSO%rOUPhe'n another
ient station determ nes whether the transm ssi
'mpfﬁ!ﬂ?'ﬁﬁﬁmﬂpa frsbsequent; glient statiomMayrepise the shartest ﬂ%s time of
step 304. |f false, the nmethod 290 continues to step
anyzarecedingsglipt stajion prewidedi that the subsgquesd slient statiorseceives
timer, and the nethod 290 returns to step 298. [0127]
data pakets 80 allhgreckdingt statians.orHoweavenyiit thea sdbsequent station
packet. In step 312, the nethod 290 determ nes

doé&‘“r%th%‘betv@@ il délét padiaits, Oﬂhehﬁﬁosfeagéht/ Qﬁatloﬁa& astiagiets reuse

from al ot her client statlons in the wirel ess

thenleé‘QMé(of Qlag{.rg%p%éa%glﬁmt&gtlﬁgacon interval wll

ire soon e method 290 continues to step

unﬁmbénfa e g 08 SBOHER b B, pxemplary

) tlon have conpl eted transm ssion and/or th

impfime tons GLITEPeseTt NERIPn 1 SBAWN HETRBIER0WJE FIG. 13A,
continues to step 318. O herwi se, the nethod 290

the msesentsnventiarepas be imniemgotedcin 2mighs definigan delewisians (HDTV)
to transmt in this manner. In step 318, the client

4205t ht panicalarethe presenthimventien maleimplem&iné andBt e irhplemented
nmet hod 290 starts an inactive node tiner. In step 322,

in 4 WPLARL fesHZAR0 of 488 HDTVeR0MaHeeHDTE 4QOa|‘"efcbW%snlqu input

timer is up. If true, the nethod 290 repeats for

S'QFF%‘Q LS agred oy A rermR it HET T, bt signais

Kk h hat
for & ARBINe 42P Ik AeHI IRl =R o clodB PR itpyt andior

Figures 7 through 12 can, be
control circuit 452 and/or other cnrcmts (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.
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conbined. In one inplenentation, referring to Figures
11A through 11D, a subsequent client station may
automatically reuse the IFS time of the 45
corresponding client station fromthe i medi ately

pr y g gr .1 n anot her - Lnp, ntation : .
suﬁgzg nt cﬁ?]%ﬁfr"g aﬁq%ﬁonﬂlér e@etﬂ'ﬁ% BW&PPES'PV?WE@n may
. time of  any precedi ng% client station provided that
impleraeRt, Bad/Qn ¢ irepleEanted 4 ifoW/ AN dnteeface okt conErlaystem of a
fromall preceding stations. However, if the
vehinle s6ilienin soane émplegnrnsations, rtheeprasentlinvention implements a
packets, the subsequent station is still able to reuse
powidrtrain-Eonfrolesystem 482 rthaip cavdives mpués frost aineoor nidlé288nsors
Referring now to FIGs. 13A-13D, various exenplary

such"Bk efgMd erat s sehsdree 1mé§§ﬁet seRSCI8! Irefatidhal SaPeBrs, airflow

Referring nowto FIG 13A, the present invention can
. . hi s Vi si

ser3fs ERRTHTP Btlel SBhA sEA20 4By Yo Bted BB 6r more
Lnpl enent and/or be inmplemented in a WAN interface . .

outey? RABEANEE. st Areroine veeratiods PREsRP R, ransmission
signals in either a wired or wireless_fornmat and .

opezaiing RaEmeleTs, A/BL Other Rkl Siagals, dnepyeljclaZ0 includes a
sone i npl enentati ons, signal processing circuit and/ or

powssaupply 433.cui t 422 and/or other circuits (not shown)
of the HDTV 420 may process data, perform coding
and0®82kncr ygtheopregentfioventicrl cndyatalssdbe fmpleatentédtia other
and/ or perform any other type of HDTV processing that

conftidy shstehrfU40 ast- the Wil B804 2 hieN6dritete Syatd?a I FitPIiRewise
423. [ 0130] The HDTV 420 may comuni caté wi th nmass '

ook gl i 1 SO0 1Rk B LAY ono o
mo%ﬁ%#t%gide\-/riggs EIQIV I|41' %%m@%agm%%?aQ%%ts? et Sontro srygtedr"r%%m 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, DVD, 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 nonvolatiie memory such as flash memory and/or other

suitable electronic data storage. The powertrain control system 432 also may
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RAM ROM |ow | atency nonvol atile nmenory such as flash
menory and/or other suitable electronic data storage.
The HDTV 420 al so may support connections wth a WLAN
via a WLAN network interface 429. 46 [01311 Referring

ol font i A AR M BB TR, e

syst em of vehicle 430. In sone inplenentations, the
conﬁ%ﬂem 4&%3/0@13?) sl m@sglatq,gmnggq,gnﬁnmy@nglor a WLAN
system 432 that receives inputs fromone or nore
intesfage dalb notshowmls t enperature sensors, pressure
sensors, rotational sensors, airflow sensors and/or

any{0®34kr suiRefbtrings @oaots FAGA/18C,t thet poesent dheentiore can be
or nore output control signals such as engine

impRstRéRtednia & aeNURIr §fone 480G AiayNincRider atdeNblar antenna 451.
paraneters, and/or other control "signals. The vehicle

Thel“ﬁa\?gé il HHRRtiBn H%‘Qﬁémﬁl‘é%r% 4nd r.[tg)elsiﬁPI%rlﬁ‘én qﬁhglné WLAN

ntion may al so npl emented in othe con
.. syste 440 of the vehi.cl,.e 430 . .The contt ol st em 440
inteffeg g coufier bBEng 3207 4R 06% ronRriletdis 48 G8IUs" Phone
and/or output control signals to on r re out put
45%@\?‘% ! 9@9%'%‘8#&5-@& @H@Ht%tp%gf?é) @HEHD&%@ ﬁ?ﬁgﬁer and/or
system 440 may be part of an anti-l|lock braking system
audigegjputdaciava gisnlay 460 ansier antiepuindevies 462ysichngs @ keypad,

vehicle telematics system a |ane departure system an

poirtitapdeviees voiceeactuation cdndiys bivar iaputldevice. Signal processing
entertai nnent system such as a stereo, DVD, conpact

andlbsEomPsl difeQits 459- anel/bl bthek RREuitsTHA SHdWR) ii9 fiSe @BRular Bhone
contenplated. [0133] The powertrain control system 43

+oTAVEEIORUBA A, St B3 bREARROR el cpiutatons.
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 WLAN 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 WLAN interface of the set top box 480. The set top box 480
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storage 446 may include optical and/or magnetic
storage devices. The powertrain control system 432
may be connected to nenory 447 such as RAM ROM | ow
| at ency nonvol atile nenory such as flash nmenory and/ or

ooBHE! iRt BB 18 3 b e Bepgas and outputs
ections vvlth a WLAN via a WLAN network interface
Stami%' asor high tqe&nltwsﬁt&w/m@omn%ls§ultabi@|fgae digplay 488 such

data storage, nenory and/or a WLAN interface (all
as ﬁdelmpndymmpltaefaedhrr@haowde@ andzor Eidjo vtput devices.
present invention can be inplenented in a cellular
SigpaloprecéS€ing reaid/oregoritrat Icirdeits1 484 | dnd/@wr othet eroaitst fribt shown) of
The present invention may inplenment and/or be

theis@PtcBo% 260 inlay? PW@%‘S dabd, §eriRe® (SHdlr‘i ane@rlelrhbﬂrpt@hogsrform

450. In sone i enment atl ons, the celTul ar phone

calIERAIEE Tortak ARG, BotforTBnd Wit AP bR AnGHEY Tho set
in ut deV|ce uch as a keypad poi nti ng
to"%@%i@rg, |%9|61|dg§ LROVE: PP %ﬁgéor ot her input device.
Si rocessi nd/ or control circuits 452 and/ or
&Bfﬂ% fFcui t %@fﬁgﬁo 489 Ry GomMLRicahonEh mags data
rmy process dat a, erfor m codi ng and/ or encrypti on,
stogagef 490nthall stores idga%m afnanvelatiiemannet/ ofheanass data storage
ot her cellul ar phone functions. The cellul ar phone

490 medywireciude mptieal anddrymégieti¢ GidrapeTdeviced Isuichr aphend disk
450 may communi cate with nmass data storage 464 that

dn@bqna@ gRdriDVBs NoThkat tdPbaR ABe' m%yqsb @6nﬁ@étbeatb memory
/ or nagnetlc storage devices. The cel lul ar phone

49# rf@%!ency nonvbr&?le{tgnﬁﬂgﬁ%ﬂ ﬂgﬁné*sh%ﬁ %ﬁ'r%eglr}‘{)a};%emory

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 |[EEE 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 implemehted
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

49



and/ or other suitable electronic data storage. The
cel lul ar phone 450 al so may support connections with
a WLAN via a WLAN network interface 468. [0136]
Referring now to FIG 13D, the present invention can

. | npl.enented in a set box 480. The presen
SKiIRR, BFARRARHAOR e SRS ahde rSrasings,,thesRegRcRton, and the
W.AN i nterface of the set top box 480. The set top box
folloyging MlpiMSc ei ves signals froma source such as a
br oadband source and outputs standard and/or high
definition audio/video signals suitable for a display
488 such as a television and/or nonitor and/or other
vi deo and/ or audi o out put devices. Signal processing
and/ or control circuits 484 and/or other circuits (not
shown) of the set top box 480 may process data,
perform codi ng and/or encryption, perform
cal cul ations, 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 nay
communi cate with mass data storage 490 that stores
data in a nonvol atile manner. The nmass data storage
490 may i nclude optical and/or magnetic storage
devi ces such as hard disk drives H D D and/ or DVDs.
The set top box 480 may be connected to nmenory 494
such as RAM ROM |ow | atency nonvol atil e nmenory such
as flash nenory and/or other suitable electronic data
storage. The set top box 480 al so nmay support
connections with a WLAN via a WLAN network interface
496. [0138] Wiile the present invention has been
described in the context of |EEE standards 802. 11,
802. 11a, 802.11b, 802.11g, 802.11h, 802.11n, 802. 16,
and 802. 20, the present invention has application to
ot her
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current and future wireless protocols. [0139] Those

skilled in the art can now appreciate fromthe

foregoing description that the broad teachings of the

present invention can be inplenmented in a variety of
CL%@@%”S Therefore, while this invention has been

ribed in connection with particul ar exanpl es

t hereof,, the true sco of the invention should not

be So I|%W@@S§W°H€E%Y'C%8mr@m'ons wi || becone

apparent to the 49 skilled practitioner upon a study

of the ABRFIGRNSCeier dpatdransenits and ml\medatalna@kmgand that

claims. 50 CLAIMS 1. A wireless network device
peripdigally siangmitsrorREceives ecteeacan; shdt transnmits and
recei ves data packets and that periodically transmts

or receiyesntiobfReians tidttcom®anicatds Welthe RFafansceiver, that
conmuni cates with the RF transcei ver, that deterni nes

detgrerﬂ.@gﬁléaﬁedf t ?‘fqh{é‘rﬁ ECt S Ongil:gf2 nﬁeg%ﬁ ﬁqh?&ﬁglspreand that
sel G cher GFHE et 1754l én%r? B3I IS e 174 BlehStaan or

receive fte he beac . The w.rel ess networ
caigl 7 11 JeRRurEiFis b Breichon R WBREH AT cRle PAGKESS dapaved after
that is indicative of a transm ssion position mfor

thethgac@nr el ess network device. 3. The wirel ess network
device of Cdaim2 wherein the control nodul e

2. The wireless network device of Claim 1 wherein the beacon
includes data that is indicative of a transmission position m for the wireless

network device.

3. The wireless network device of Claim 2 wherein the control module

selects the second IFS time when the RF transceiver receives m-1 data packets.
4, The wireless network device of Claim 3 wherein the control module
selects the default IFS time when the RF transceiver has received fewer than m-

1 data packets.

5. The wireless network device of Claim 1 wherein the control module

includes an IFS timer that is reset when data packets are received and wherein
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selects the second IFS tine when the RF transceiver
receives ml1l data packets. 4. The wirel ess network
device of Claim3 wherein the control nodule selects
the default IFS tinme when the RF transcei ver has

e 9 gk ECR6Y an b8 e A BB e FRFaL S 59 e

n IFS timer that is reset when data packets
thegpgorp(iﬁ?&@g@ and wherein 51 the RF transceiver
transmts a data packet after one of the default IFS
time and the second IFS tine. 6. The w rel ess network
device of daim1l further conprising a power
maréagenelitte wirdless netaork devisé of Glaint hdurtheetemprising a power
networ k devi ce between an active node and an inactive

managEmentt mouilevthal gassitiehsané wirsless netwéikatsvite between an
wherei n the power nanagenent nodule transitions the

actn%h%d@én@%h"lﬁé&n}éel’ﬁbeé to the active node prior to a
schedul ed beacon tine. 8. The wirel ess network device

of Claim®6 wherein the power managenent nodul e
transiti ons the wirel ess network device to the

i, pac WeelSss etk CORUbRoRt D e vipTEIRG the power

VVI rel ess network device of Claim 6 and further )
magaggineal medule) trapsiiensthe Wirglessanatwerk devicede theiastive mode
the power managenent nodul e transitions the wrel ess
prion éo amckeduleddzeaaonttireei nacti ve node after all of the
N wi rel ess network devices transmt a data packet. 10.
A wireless network conprising a plurality of the
Wi rel ess network

8. The wireless network device of Claim 6 wherein the power

management module transitions the wireless network device to the inactive mode

after the RF transceiver transmits a data packet.

9. A wireless network comprising the wireless network device of Claim
6 and further comprising N-1 other 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.

10. A wireless network comprising a plurality of the wireless network

devices of Claim 6, wherein the power management module transitions the
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devices of Claim6, wherein the power managenent

nmodul e transitions the 52 wirel ess network devices to
the inactive node after an idle tinme on the network
that is greater than a | argest available IFS tinme. 11.

. W reles et wor omprising a pluralit. f the
wirdle$d PERTSTE SIS {6, K Tt Togue atto it il imé i, the network
the wirel ess network devices i.s a coordi nator that
thab@rgr@ateeéh\watl@mhﬁvgliﬁﬁﬁtﬁaﬁm to the plurality of
W rel ess network devices. 12. A method for

transmtting and receiving data with a wirel ess
net wor k devi ce, conprising: at |east one of

transm tAiwigeless netwerikvcodprising # ailality, ofithd ediklessnaetwork
of periodically receiving and transmtting a beacon;

deViEELHMT I  aviiisretibhe iofties (VirkEsTRaAGBrK HEviLe$ iSTB coordinator
based on the beacon; and sel ecting one of the default

el BESOFBI RS BRI b8 ARy 5 il hEAGyR covios
data packets received after the beacon. 13. The

met hod of C aim 12 wherein the beacon includes data

that _is jndicative of a transm ssion position mfor |
t helZi r eh eBthRd WOr Kirarsmiting ﬁnds'fﬁee'ﬁ’@@hé’@ W) o8 nyvireless

13 wherein the step of selecting includes selecting
netwoek dedicedcarrgrisinge after receiving m1 data packets.
53 15. The nmethod of Caim 14 wherein the step of

sel ecti ngt least ardesf sahamittinypand eectivingldatd packatse when
fewer than m1 data packets are received.
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.

13. The method of Claim 12 wherein the beacon includes data that is

indicative of a transmission position m for the wireless network device.

14. The method of Claim 13 wherein the step of selecting includes

selecting the second IFS time after receiving m-1 data packets.
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16. The nmethod of Claim 12 further conprising

resetting an IFS tiner when data packets are received

and transmtting a data packet after one of the

default IFS tine or the second IFS tinme. 17. The

met d d ai rt.her, .coppri.si transition .

(he *&@ﬁﬁ"?éoﬁ)ff Ciain a4 BEBTRLE 1he S1aBr &, 5oREHAY ingludes

nactlve nod 18. The method of Claim 17 wherein

sel@%@gsthe;sie&uit |Fa9n§mei ‘Mh‘#’hée\'f’@fcthaﬂé’%'1 ‘ﬂﬁtarﬁckﬁtﬁﬁfﬁgf ecaived.

wirel ess network device to the active node prior to a

schedul ed beacon tine. 19. The nethod of Caim 17

wherein the step of transitioning includes

traf6it iThe nethded ofiClaimsi2 fuether dontwisirag résettifg an IFS timer

i nactive node after transmtting a data packet. 20.

whéﬁ‘@afﬁ??a@l@btgfarg ratdivéd Jn@rﬁé}%mﬁtﬂ{qzé'cﬁté‘%acket after one of the
transitioning the wreless network device to the

def%aﬂl?ﬂfSVﬁ'l Al aééc%ﬁe'}fytvrﬁéess net wor k devi ces

ransm a pac erein Nis a nunber of
W reless network devices in a wreless network
i ncl udi ng the wirel ess network device. 54 21. The
nmet h Clal 7further /EZOF?)I‘ISIH tran '

Y

sitioning .
t hel7- %s@e drefi i ¢ MheE FOMBESIDe H@&é‘“gn'ng the
after an idle tine on a wireless network including
wirglpes netvwark sieviest ietweenan adivermede angraminactive arode.
| argest available IFS tine. 22. The nmethod of Caim
12 further conprising transmtting the beacon to a
plurality of other wireless netwrk devices. 55
18. The method of Claim 17 wherein the step of transitioning includes
transitioning the wireless network device to the active mode prior to a scheduled

beacon time.

19. The method of Claim 17 wherein the step of transitioning includes
transitioning the wireless network device to the inactive mode after transmitting a

data packet.

20. The method of Claim 17 further comprising transitioning the
wireless network device 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.
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21.  The method of Claim 17 further comprising transitioning the
wireless network device 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.

22.  The method of Claim 12 further comprising transmitting the beacon

to a plurality of other wireless network devices.
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