NEW WL.AN TDM PROTOCOL CROSS- REFERENCE TO RELATED
APPLI CATI ONS *159159* [0001] This appl ication is a
continuation of United States Patent
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January 18, 2005 and U.S. Provisional Application No.
60/ 682,067 filed on May 18, 2005. The di scl osures of

t he aboGROSHREFHRENEEAT@ RiElcATRDrAPBHICATIONS by
reference. FIELD OF THE | NVENTI ON [ 0002] The present

In\{ooonPn Teisatgsplication rigl assongivstioss of A0RItER' States Patent
particularly to reduci ng power consunption of wreless
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devi ces. Accordl ng to these standards, wrel ess
Applisation Nmeﬁﬂlﬁ&oﬁg;ﬁlﬁbon&é@y 482009 Zherdisclasures of the above
infrastructure node or an ad-hoc node. [0004] In the
applichtiowss arecincorporatiel, hérein by refemgenet wor k devi ces or
client stations comrunicate with each other through
an access point. In the ad-hoc node, the wreless
net wor k devi ces conmuni cate directly with each other

and do FIELD OF THE INVENTION

[0002] The present invention relates to wireless networks, and more
particularly to reducing power consumption of wireless network devices and

improving network utilization.

BACKGROUND OF THE INVENTION

[0003] IEEE standards 802.11, 802.11a, 802.11b, 802.11g, 802.11h,
802.11n, 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




1 1 not enploy an access point. The termclient

station or nobile station nay not necessarily nean

that a wirel ess network device is actually nobile. For

exanpl e, a desktop conputer that is not nobile may

incorporate a wirele networ k devi ce and o,loerate as
SROBE ot

not£mpley 13N 8rees & Hms phigntsiation gpspobile,siatippdaay not
network that operates in the infrastructure node

nedgessalily drearm that @owiselpss network)deyine istactualytmehite.cFpeaxample,
station that communicates wth the AP. For exanpl e,

a desktopicoeiprier that voonét mebile payaiheoiporate a wireksisrnativoriedevice
node. Since the client stations are often battery

and8pEratslas iatmbbilé BRATOhaHCliBAt statioh.m ze power
consunption to preserve battery |ife. Therefore, sone

cli st at | ' t I
o021 5 A Wfeledd MERIER' (B, GHiraRACn 10E Dkt Bhure, mode
. client station.tr nj t d/or receives.data. During.
inclfifsS 3 FocsneroMiuiD) 39 af st pne <ient tif that o mUhicates
.conmponents and/or alters operatigon to conserve power.
W'“lﬂ?ﬁaAPy, Femexampleatheswireless nefwads may|qperate; ina infiashucture
receive data during the |ower power node. [0006]
motér eSirce thet alient stations arewftdre battprye poweeetl by is important to
systemon chip (SOC) circuit that includes a baseband

mirfmee pewer (CBRBUMplioREd prasepis datteBOlife. o Mhrirefod\C3ome client
device, a host interface, and one or nore processors.
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during the lower power mode.

[0006] Wireless network devices may be implemented by a system on
chip (SOC) circuit that includes a baseband processor (BBP), a medium access
controller (MAC) device, a host interface, and one or more processors. A host
communicates with the wireless network device via the host interface. The SOC
circuit may include a radio frequency (RF) transceiver or the RF transceiver may
be located externally. The host interface may include a peripheral component
interface (PCI) although other types of interfaces may be used.

[0007] A power management device controls and selects different

operating modes of the client stations. During operation, the power management




operating nodes of the client stations. During
operation, the power managenent 2 device instructs
some of the nodules to transition to a | ow power node
to conserve power. Additional information nmay be

dovidh disghubisy some G e ARGLAS o Fansilen o ddaswoBawer mode to

filed on Septenber 19, 2003, and 11/ 070,481 filed on
congerenpowen 0Additignat infermatiesr By bei feupd i hBe Patgnt Application
reference in their entirety. [0008] Referring nowto
Serialgblos. 110/6508871 filedebasAugastv@8 2003,s 10/6652621 cfiled on
in an infrastructure node as defined by | EEE 802.11

Septebeir NQ, 200BUaAd 14/0D e,ss fiéqonaverch 22005, which are hereby
wirel ess network 10 includes one or nore client

mcci't‘p%?ét@ﬂ ty]r%fétaﬁc ﬂ?t lr{]ﬁ}frétxgccess poi nts (AP) 14. The

['ient station 14 transnmt and receive
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iusleated G 3o nsasirrsiare, staer 46 98769 by EEBIBOS 3 rand pfsduture
such as a server 20 and may be connected to a

wireless istandards. chmerfirstcwireleas nepworknil@Jneludas aane be more client
Internet. [0009] The client station 12 does not

stationg 12andne ¢ moearatcebst poinis (AP) 1de CEhe elihttstatioro™? and the
the AP 14. Therefore, the client station 12 inplenents

AP%@Q%M@@HU”&%WWIM&% $igRats! 16Nt TRE AP oY 12 aaﬂede in a
P 14 do not have data to exchange. Data commn y
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12 is entering a | ow power node (and will not be
othgpasies such caeia/isegveragfl and maypbedeannadteddo a distributed

period). After notifying the AP 14, the client station
comhunications isgstem 22 such as the Internet.

[0009] The client station 12 does not continuously transmit data to or
receive data from the AP 14. Therefore, the client station 12 implements a power
savings mode when the client station 12 and the AP 14 do not have data to
exchange. Data commonly remains intact in a network for a predetermined
amount of time before it is dropped. The incorporated |IEEE standards provide
the opportunity for the client station 12 to inform the AP 14 when the client station
12 is entering a low power mode (and will not be capable of receiving data for a
predetermined period). After notifying the AP 14, the client station 12 transitions

to the low power mode. During the low power period, the AP 14 buffers data that



to the | ow power node. During the | ow power period,
the AP 14 buffers data that 3 is intended to be
transmtted to the client station 12. Follow ng the

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

s 'Bﬁeg?'v BB SaPemiiad 10168 It #lelPh {20° Koliowinigutheylen power

for the client station 12, or the host processor of
peria¢ tae iclieRt stafion J? poweksINR ANdJeceiveg deagandransmissions from
transmt, the client station 12 remai ns active.
the AR ddwi lsﬁéhe beacoh itramsmission® indicAte dnatethe ARel4 bas datefor the
node again. [0010] The AP 14 attenpts to transnmit a

clieh€atational 2 Aot #id) Hosb pASEBsof bRMBEIcHEhPDStatibAt1 X Tididates it has
Before the AP 14 sends out a beacon transm ssi on, the

datﬁ*?o andRfiC e El?e?lt\%‘i‘ﬁHheLZ Pérh?{qsdaecglklé COtRERNISE ?thkeKt station

transmtting data so evices are a
cli.ent station 12 transitions to
12?ﬁ§r%ﬂfq @g}ﬁg‘&ér B]Qla% aQ%ﬁa beacon transm ssion to
qu transmt to the AP 14 in a buffer.
o dBat] 2T RPL i RIS deciRRsTal FPearem, atih daraiet beacon
can exchange franmes with one or nore client stations
transmisaioa tiree e(FFBITFﬁ)stBQfOEe ther APFi# seasisuopit @ beaconatrangmission,

and the clients stations 12 nay exchange data

theakPot4ldetertrines wheth2vothiep deMeeti greesterertiMnsmitting data so
protocol. The use of TDM protocol mnim zes
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client statlons 12 attenpt to transmt data to
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other wireless networks and the first wreless network
exchange dtames withane remoreplientstatiansol? incudaterminigtic order. For

station 12 may wait for a random period prior to
examplesttie APnty amtithe rcientsrstationsod2 noaly excharige ¢atai axstording to
Time Division Multiplexed (TDM) protocol. The use of TDM protocol minimizes
collisions that may occur when one or more of the client stations 12 attempt to
transmit data to the AP 14 simultaneously. However, other wireless networks
that are located near the first wireless network 10 may not operate according to
the above-described TDM protocol. As such, collisions may occur between the
other wireless networks and the first wireless network 10.

[0011] In another implementation, each client station 12 may wait for a

random period prior to transmitting. This random period, or backoff period,

reduces the likelihood that multiple client stations will attempt to transmit



reduces the Iikelihood that nultiple client stations
will attenpt to transmt 4 sinultaneously. As such, a
wi rel ess network that inplements the random backof f
peri od has inproved collision avoi dance over a
vvlrelessn twork that inplenments re TDM sc
SimUBRERAY- e st AITTELe S pamork et Toblaes the FiadTa backof
However, random backoff but does not guarantee
perigsl hass inaproxedicellision avaidarge aver a wirplassaiatwask that implements
collision avoidance is critical. For exanple, wreless
a pueeVWODNs sciverne whehamgiiphainetwarkts existiint yqn ouéflgpping region.
not include a positive acknow edgenent feature. In

HO\%V@* rafdcHa bakbff Bt dobk indd ghibAdrited cemspN@oid &, VR certain
acknow edgement from a receiving station that the data

apﬁﬂ@ﬁ rc%il[( 598%%\)’1@8' is cﬁﬁ’é;{lhqfor &anfp Iléze\?\)fiJ fes%f nétW?)rks that

andom’ba peri i me required
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gure 2, a second wireless network 24 operat es in an

eaH‘Hehoc lfbd@them eWerdsn R witFansadtinget sigtien 24098 | Mgks receive
multiple client stations 26-1, 26-2, and 26-3 that

acknowhedgementdfiromca ireeeivingestatien ﬂhagrthesiala.wasrnerrecm)e raceived.
stations 26-1, 26-2, and 26-3 collectively forma LAN

Furthst, agoamesuitapfe tite resdom badkofepetiods,hite tifiee requirst for all
stations 26-1, 26-2, and 26-3 are not necessarily

staggﬁﬁi‘?ﬁtztz\@ WreZér;sgst g\%’i\%&‘f@ ¥or¢ompiBRe d 's%?tofs?r%Héjré&changes is

do not contlnuously tran
Inc%g%g to and receive data from each other. The cllent
pbns 26 i nplement a power savi ngs node when one of

exiB18h WREIeFHS SOHOROFERR 51 & BN ougelegagnetwork 24
opégtgiqloggr? éé’lhq-rcggloglgl e'I[]IEe gtteggr:do\?v?re&egslnet\%grk224 ?r?glluggs ?nultlple
client stations 26-1, 26-2, and 26-3 that transmit and receive wireless signals 28.
The client stations 26-1, 26-2, and 26-3 collectively form a LAN and
communicate directly with each other. The client stations 26-1, 26-2, and 26-3
are not necessarily connected to another network. The client stations 26-1, 26-2,
and 26-3 do not continuously transmit data to and receive data from each other.
The client stations 26 implement a power savings mode when one of the client
stations 26-1 does not have data to exchange with the other client stations 26-2
and 26-3.

[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



buf fer data as perforned in the AP. For exanple, the
client station 26-1 5 transnits the beacon to the
other client stations 26-2 and 26-3. The client
stations 26-2 and 26-3 transition to the active npde

rior to,the beacon transm ssion. | pg_a on .
ot} 4 BedoRctd Bye S ikl s@hans a2 e Fedcn e client
client station 26 transmts data in a determnistic
stationfer26-Zoand x4éns dransition &0 i thet astive irpade 2prigryjo the beacon
transmt data sequentially. SUMVARY OF THE | NVENTI ON
trarfjsiaisgipn| n Durinigr at beexqoec intefvat ldefiped seynthe rbemcbnotransmission,
there is provided a wreless network device in a
eachl ¢lidnt Statitel 261tkarishtits datl inde deterplinibtd obderof FUi ERAMPR, the
networ k devi ces, the device conprising: an RF
i BRL Yar Fﬁ(@é}‘é ; cei ves data packets
°"egﬁgﬁ?'%§§\zgerp?ggi'aé‘§ y tr?%granaﬁtslalg/fe recei ves a beacon;
and a control nodule that conmunicates with the RF
transceiver, that determnes a group identifier and a
station identifier 0 C and t hat
sel ects one of @M@@%ﬁpélﬁyE‘mﬁgoﬂ second | FS
time based on a data packet received. [0015] In still
ot her features, the control neans selects one of the
default IFS tine and the second IFS tine based on the
dat[80pdf ketinr adiestvasbeotof the pesent imventibn} theergrisusrovided a
identifier and/or the station identifier. The second

wiréleSs nbtwiirki fevicS i & hareléds @stvark Hattin@uded ayliiralifySof wireless
time. The control neans determ nes a group identifier

net?élgﬁ{] ?Igleicﬁts kP el %n{:érfni)ﬁg‘éinéé %ﬂsﬁﬁl @%{%&Qﬁﬁ%ﬁ rir{aﬁ!-éprﬂts and

neans selec con

ook b AL SO R e s pogcon: and
station identifier y. The control means selects the .
conegl gnedyledhat semipdnicates with thg RF transceiver, that determines a

group identifier and a station identifier based on the beacon, and that selects one
of a default IFS time and a second IFS time based on a data packet received.
[0015] In still other features, the control means selects one of the
default IFS time and the second IFS time based on the data packet received and
at least one of the group identifier and/or the station identifier. The second IFS
time is less than or equal to the default IFS time. The control means determines
a group identifier x and a station identifier y based on the beacon. The control
means selects the second IFS time when the data packet is received from a
second wireless network device having a group identifier x-1 and a station

identifier y. The control means selects the second IFS time when the data



packet is received froma second wirel ess network
device having a group identifier less than x and a
station identifier y. The control neans selects the
default IFS tine when the data packet is received from
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In still ther features, oup IFS tine i
'de%téf?éSL% thap Xg? @ stagien:'dentiffer v 3' EO'F"F@ '{ﬂﬁﬁesu@ects the
based on the station identifier, and the default IFS
defaulird FSs times whest the)edaja opacketdst reseiveddfroms adsecand Faireless
time. The device transmts a data packet after one of
netwbek deviee havingS group identifier xsandadtatich identifieridther than .
wirel ess network device further conprises power

MRITAQEEE Nt InTeaN DthéH featlrdBs htdro0p NBS! fide\isdsRYSon the group
net wor k devi ce between an active node and an inactive

ide LR a%aﬂ‘#‘@ﬁ@%%%n ﬁfﬁgﬁaﬂbhqaéhﬁﬁ n%n? r}ﬁe dtegalélt IFS

w rel ess net wor evice to active no

time fe 80T B, B 0R &g Mo Hena USRS Tog IR ranai
a dat packSy 885 prf piathe.daimutdESotieoe fie SproRb S time. The

invention, there is provided a nethod for
wur@easwsrnemquhgdg\ﬁ@e r Bthieri egmpEses wwawera management|reeans for

network device in a wireless network that includes a
transitiorang ttheotvireless! aebvorkt device bDetweses ant aetivetimode and an

conprising: transmtting and receiving data packets;

inadRid PRideal The poaes Mdrddeindit mears Yangitians 2RE Wireless network
determning a group identifier and a station
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[0017] In a second aspect of the present invention, there is
provided a method for transmitting and receiving data with a first wireless
network device in a wireless network that includes a plurality of wireless network
devices, the method comprising: transmitting and receiving data packets;
periodically transmitting or receiving a beacon; determining a group identifier and
a station identifier based on the beacon; and selecting one of a default IFS time
and a second IFS time based on a data packet received.

[0018] 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 | east one of the group identifier
and/or the station identifier. The second IFStine is
| ess than or equal to the default IFS tinme. A group
identifier x and a station identifier y are

det er mi ned based on t he beacon.. The ste sel ect.i.n
recBf{ER AsLUERabT g RO ELBIanTIeS Anc &ﬁeﬂamwﬁ%ﬁﬁep The
pacli é S ceived froma second W rel ess net
SedpBES time i [pes A0 a5 eRanG hedieraull K iime S aevpidentifier x
identifier y. The step of selecting includes selecting
and |gestaiopridentifier yiare ggterminged blased pacthst bescomcelThestep of
froma second wireless network device having a group
selecteny iifdledes esededtimgn the ssedondstRS itimei wheni theerdaya pduket is
step of selecting includes selecting the default IFS

reckived fvmﬁra éé&bn@l&hﬁ’elﬁ% ketwork deticdl Wfng & agmua ig&tRA x-1 and
W rel ess network device haV|ngagroup| ntifier x

a s?%}ﬁr\ald%h fi éro?.e a!’ﬁggstéﬁ g?gsregé&‘ﬁpﬁégﬁlﬁ% sél(g%i]@etcﬁep second IFS

entifie a delta I|ES tine sbasdon
t'mgt@?%ﬁh? 4 pecket . fefehRe fign,p Secppe Wisiaes) Mogmﬂqev'ce
of the ES tinme and the delta IFS tine. A d
naag i 0raup GaniierIeREAnah pbAnd e SRlamdentigny. | B step of
time or the second IFS tine. The first wreless
seleetingdnkludes iseteatisgithe defauloirsdtime whemtherdatetpackehisdeceived
and an inactive node. The step of transitioning
fromne lsedersd wirehesst netwank delizef having ai greupddentifieror End a station
device to the active node prior to a schedul ed beacon

|deht|ﬁ@otﬂéﬁh§hqp transitioning includes
ran5|t| oni ng the wi rel ess network device to the

@B]Lﬁfn Tﬁ"lﬁllﬁtﬁ@rr fetart@l%§maté)ﬂoﬂgt [FaCHARL R hAGEhn the group

ot her eat ures program execute
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a beacon, determning a group identifjer and a station
time jg & ﬁymepfd thesarup | tlrﬁqe ang the delta IFS time. A data packet is

transmitted after one of the default IFS time or the second IFS time. The first
wireless network device is transitioned between an active mode and an inactive
mode. The step of transitioning includes transitioning the first wireless network
device to the active mode prior to a scheduled beacon time. The step of
transitioning includes transitioning the wireless network device to the inactive
mode after transmitting the data packet.

[0020] n other features, a computer program executed by a processor
comprises transmitting and receiving data packets, periodically transmitting or

receiving a beacon, determining a group identifier and a station identifier based



on the beacon, and selecting one of a default IFS tine
and a second IFS tine based on a data packet
received. [0021] In still other features, the step of
sel ecting includes selecting one of the default IFS

i and the, se dIFSt t he ata ac .
on e Beaeen. 4l 36feckagionsef retaut IS Qi aedcs seBand TFs time
and/or the station jdentifier. The second IFStine is

basegdsen aislata packetuereivedt he default IFS tinme. A group
identifier x and a station identifier y are
det[@021hedIbastik dtber féaturesadhe. st@peofsselectirig incides isekpcting
i ncl udes selecting the second IFS tinme when the data

ong ot ks defaultr Setinrdahd #he 3evbhiclIRS Iintebased ctetHecdata packet
having a group identifier x-1 and a station

recbﬁ’/%ﬂt ind & le¥st &ﬁ’?%ﬂhé Qroﬂp' |anmé?eénd?&%6r53§tloﬁ Tb%n‘flhép The

eCtI ng I nc udes Sel ect ng the secon

sec‘%?ngqﬁng% ﬁasgat ﬁtor eﬁuﬁ%%&%féulflﬁ@tlm# ???lﬁp |dent|f|erx

evi ce I denti fier

statio |dent|f|er Th 0 el ecti
and f pfagan WeRlliar ¥ drer itbibine Basas Bribe, BEACTHe  the step of
packet is received froma wreless network device ]
selﬁ@tmgn@@@e Seledling: the secendntFS: thnet whbani thendata apacket is
other than y. A group IFS tine is based on the group
recetvedt froinea, wirelbskt petwesk tdavice havingsadgroopt identifiert keln and a
identifier, and the default IFS tinme is a sumof the
statibwidentifieSyt i me and the delta IFS tinme. A data packet
is transmtted after one of the default IFS tine or

t heopeopnd |4 56l th@? fodtdRes3lthé BteH bf éeu%t incRAedRfectifg the

wirel ess network device 1S transitioned a[)etween an

sodfll 7% (F off%h A ARE' bYEel P cPa B, & wirgless network

de@%%@%e%eé@i@dﬁgv iR '3% %ﬁﬁﬁﬁp sefoniderdiitny. The step of

i ncludes transitioning t
selecting includes selecting the default IFS time when the data packet is received

from a wireless network device having a group identifier x and a station identifier
other than y. A group IFS time is based on the group identifier, a delta IFS time
is based on the station identifier, and the default IFS time is a sum of the group
IFS time and the delta IFS time. A data packet is transmitted after one of the
default IFS time or the second IFS time.

[0023] In still other features, a wireless network device is transitioned
between an active mode and an inactive mode. The step of transitioning

includes transitioning the wireless network device to the active mode prior to a



wirel ess network device to the inactive node after
transmtting the data packet. [0024] In other
features, a wireless network device conprises an RF
transceiver that transmts and receives data packets

B B5p 55 2, L T g S5ids ditg e

.transceiv determ nes a def interframe s
Wirglp BRRSMOFE doieiefo e RCtVBIRe O Btk Hab WAt a8 e ateopacket.
of the default IFS tinme and a second IFS tine that 1is
| e[902Ahn & otherafeatweshe wiseleas tnetwerk device saraprisesaan RF
nunber of data packets received after the beacon.
trarisoeRef thatotraesmiteasnd ereceivies datec qrackets el that eriodically
that is indicative of a transm ssion position mfor

trafigigitsVoF ¢besited &l heakorleA edntréhmodld cemridsighes with the RF
sel ects the second IFS tine when the RF transcei ver
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s 143tign 91 GaaldpBP Aerallc IFS B BasRcOp ALRETbeT Ok fathpackets
of the default IFStinme and the second IFS tine. A
recpiydrafteriiiegeaeen. nodul e that transitions the wirel ess

net wor k devi ce between an active node and an inactive

nod@025he pootherfeatagesithé beadon indludessdatachat istihdicative of a
W rel ess network device to the active node prior to a

trafsThigSiohefodieds O fol MRe wildlBsd PeBNorkBASIESE MhERdmt®l module
transitions the wirel ess network device to the

selé&@‘fﬁé \é@ Hﬁ’ﬂjﬂ:é‘ftlh?é Yvhgﬁ the F{Fr ﬁ'Qﬁ&?élV&r r.eEéﬁ'% 'Ru}-tﬁdé\a packets.
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recelvegsftla\EVIeP {Lan m- 1 data packets.

[0026] 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
the wireless network device to the active mode prior to a scheduled beacon time.
The power management module transitions the wireless network device to the
inactive mode after the RF transceiver transmits a data packet. A wireless

network comprising the wireless network device further comprises N-1 other

10



W rel ess network device to the inactive node after all
of the Nwireless network devices transnmt a data
packet. [0027] In still other features, a wreless
network conprises a plurality of the wireless network

Wit RO ARE ST BadOeH REAHHHEER e MRS arenstions the

idle time on the network that is greater than a
wirglgss aetwerkdevigs o thesinactive nepde after gl afithe N ydreless network

network devices is a coordinator that periodically
devicesrisansrait ardatapacket.t o the plurality of wreless

net work devices. [0028] In other features, a wreless

net[@02R] deln still othep festases, tarwineless hetworkrubnisrisssva plurality of

means for transmtting and receiving data packets and

thef wirelBss irRtived HevitegNSTRd bbWer PhariffethehtGodulRe BaAsitions the
The wirel ess network device conprises control neans

wirélrrg%sn @% o i%%{i&é@td"ﬂé”iny&g\é% w&%g Qﬁ i@B%inE % e Hetwork

erm ni ng rrranme space

LFS) ti based on.the. be .and for | ecting one
thab s Slestyaiall 2 IPrSsstiaveiafE T b i Orisot Fis Witeliss Pigtwork
|.ess, than or. e%ual to the default |FS tinme based on a .
devigafpisra gporingiop fatreriodically; tiansmits the beacansia-the plurality of
[0029] In still other features, the beacon includes
wirglgssinetyarkideviaesi cati ve of a transmission position m
for the wirel ess network device. The control neans

sel[0028] t hén setherd feaitirés, M wvirelesbe retworkm déviee aonhprises
recei ving neans receives m1l data packets. The

trafsPRittin] arick PSteiviRY Rsdand fof tr‘éﬂ%ﬁ\‘i‘t‘tiﬁg ldnd feCBRint84tal hsckets and

transmtting and receiving means has received fewer
or BBy S3SrRAAS S pcoi G & BEsb6H, THRbSh o devc
cor{mf@é%#?qtﬁéﬁéﬂﬁg For gg%%u.ﬁ'\?ga ﬁ\tgswﬁ'ﬁ he ?r%enis\r%el ingngnc} rr]gceiving
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.

[0029] In still other features, the beacon includes data that is indicative
of a transmission position m for the wireless network device. The control means
selects the second IFS time when the transmitting and receiving means receives
m-1 data packets. The control means selects the default IFS time when the
transmitting and receiving means has received fewer than m-1 data packets.

The control means includes timing means for monitoring IFS times. The timing
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receiving nmeans transmts a data packet after one of
the default IFS tine and the second IFS tinme. [0030]
In still other features, the wirel ess network device
further conprises power nmanagement neans for

ransitionin h rel ss net wor k. evi e bet ween .an
meée? e linh "Gt kS A dBbSva n&rﬁgae}@ne and
ans transitions the wreless netvvork deV| ce to

recsmng\/@eﬁﬁa &ransmits 9 data packet aliecans efthsdetawtt |F$Hk§ne and the

power nmanagenment neans transitions the wreless
seqoadubBKtina@vi ce to the inactive node after the

transmtting and receiving neans transnmits a data

padieso] [ 003 13till mtisén Ifeaturdssr tHeealivgless metwaorke! @évice further

network conprising the wireless network device

corf\rﬁlréése hoWRiPHabageieht ¥hB&As VioF e&aﬁﬁsmd?ﬁﬁqvthé ﬂrﬁéle‘é@s network
power rranagerrent means transitions he wirel ess

ol S IS RSB T higrn
meﬁﬁ%%f%’*@%e Wi nbRATR, M55 heher pERVE Hodg grior to

on the netwark that |s greater than a | argest
scwwqdam%cqm@nﬁ Ehe peWermANHEeTIEN: MAANS {EanwRNs the wireless
devices is a coordinator that periodically transmts
netwoek devicertottbetinactpleumaidiet 3ftesf thei transmitting2and receiving means
devices. [0032] In other features, a nmethod for
transnaitsaidata pgcketd receiving data with a wirel ess
networ k devi ce conprises at |east one of transmtting

andqo0BeFei Y BEll 8te? féaled, %\,w@éleé@ﬁéﬁ/v&ﬁ%oﬁfpnsmg the wireless
periodically receiving and transmtti ng a beacon,

net@ﬁﬁl@ éfé e”%rﬂwé"eEBHJphséé‘ Cﬁﬁf wiekss( h Féhﬂé &yices. The

on the beacon selecting one o
ne and a se FS tjime.that is

S e %ﬁwgr'ﬁﬁﬁﬁ@ﬁ%ﬂ‘he active

dat a packets received after . ]
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.
[0032] In other features, a method for transmitting and receiving data
with a wireless network device comprises at least one of transmitting and
receiving data packets, at least one of periodically receiving and transmitting a
beacon, determining a default interframe space (IFS) time based on the beacon,

and selecting one of the default IFS time and a second IFS time that is less than
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the beacon. [0033] In still other features, the step
of selecting includes selecting the second IFS tine
after receiving m1l data packets. The step of
selecting includes selecting the default IFS tine

wer th acket s e eived.. An IF
or e8bto s Jetalf T ime B St paiuine Sor EiEiRpkets RBaNved after
data packet is transmtted after one of the default
the|begcoine or the second IFS time. [0034] In other
features, a conputer program executed by a processor
corifp083ks in slilbather featurss, theastepi aftsetectmgdncledes selagting the
dat a packets, at |east one of periodically receiving

second IFSameiafter raceivibg as-drdatd eiaeketsni The stegedfasdidcting includes
interframe space (IFS) tinme based on the beacon, and

selécﬁln%cfﬂenaef‘éﬂﬁ IPE fife WRbRYewer than! h'm3 datd ‘i’)a%ké%céféd{eé:glved

STtime that 1s less than or equal to the default

An lﬁg%ma%qg et QfHHTHEls, BhoRil R RRied SR8 4oska baiet s

eacon her teatures,
ssi on

dat a t.hat cative
transSie antehng ordhe el E SrasF ind sefend ﬁ%ﬁﬁ""gecep of
sel ecting includes selecting the second IFS tine
af tIOP3bc el PHIPriPAtULRS. 2 5@@9&%65 pregam exeguted by a processor
sel ecting includes selecting the default I'FS tine when
compriges atleastone ofitanspiting and seeeiviagelata packets| Btleast one of
timer is reset when data packets are received and a

perﬁﬁﬂ@allp&ek@lt/mgszartd transmitting adfdaconpdeteniiring acddfault interframe
FS time or the second IFS tinme. [0036] In still

spé&tefstffhﬂbtﬁa%%d S EhebESESH BndcdNBEtingd6ve BFtHeS default IFS time
transiti oned between an active node and an i nactive

aanQ%%coEE?FéttﬁW? ?ﬁattlé 3 thh Ry 'é%uaLt%&hB%ee?a It IES fime based on

ransrtionrn ess networ evi ce
a gt 5f %%ﬂ@?%q?%ﬁqu%%’ﬂ%c 8H8EREI T oni ng . e

[0035] In still other features, the beacon includes data that is indicative
of a transmission position m for a wireless network device. The step of selecting
includes selecting the second IFS time after receiving m-1 data packets. The
step of selecting includes selecting the default IFS time when fewer than m-1
data packets are received. An IFS timer is reset when data packets are received
and a data packet is transmitted after one of the default IFS time or the second
IFS time.

[0036] In still other features, the wireless network device is transitioned
between an active mode and an inactive mode. The step of transitioning

includes transitioning the wireless network device to the active mode prior to a
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W rel ess network device to the inactive npde after
transmtting a data packet. The wi rel ess network
device is transitioned to the inactive node after N
wirel ess network devices transmt a data packet,

| u [ . I
son$fe, PeBodr dfufy k Tk Ploal ' HeRBRian Ml MRS figihionthg the
. he wirel e snet\z\orde|e|strnS|t|o
wirglgss Retwork feviee TR Maciveinads ater kenSEA0 Careegcket.
network including the wireless network device that is
Theywirgless netwerkadevige ¢ fransitianed 9 the ractivenmode, eftpe blcwireless
is transmtted to a plurality of wireless network
network devices03T§mitna addtar packet,umberein Niissa mimbeesd wireless
network device in a wireless network that includes a

netiork alevicgsoih i wirbless netivork inclieding etheCairpless esetddriidevice.
transceiver that transmts and recei ves data packets

Th@ﬂfﬂ'efefégtne‘@\%ﬂ@@é\ﬁéé |Vtrandiforied fostherlné&%' MS&e affeP3n9dle time

A control nodul e comuni cat es with the

on 5&@@8&1 %{w %c?u gﬁ% evuleiﬁ t@gg@gﬁﬂ% ﬁéetqg g%ﬁgpthan a
o S B B B TSR 5 BT o wires

having a transm ssion position m 1 and selects the
netwerkdeYicess ti me when the RF transceiver does not

recei ve a data packet fromthe second wirel ess network

dei0037] [ OB @themfeatures, at first wiretassr retwark edevégeoind al Wigeless

time is less than or equal to the default IFS tine.

netwofk Bratt |h6l0|@eslafgllurbr@ntsﬁwtréleesCf&ItWoﬂﬁdbekeéfdo?hpm an RF
of the default ITFS tine or the second IFS tine.

trar&R/er 98 it§O8NY €reckhvals Héteﬁg)zactkafs "Hr{oeltﬁéts [periodically

net wor k devi ce between an active and an inac

"afwgﬁ oL e BRACHE ZW%OHngh?d&i@@@hﬁﬂéa%?- ith dge RF

a edyl ed beacon ti wer e
transcelver cl]J termPnes a transm:i‘ssmn pog%on m anda g (prault 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
position m-1, and selects the default IFS time when the RF transceiver does not
receive a data packet from the second wireless network device.

[0038] In still other features, the second IFS time is less than or equal
to the default IFS time. The RF transceiver transmits a data packet after one of
the default IFS time or the second IFS time. A power management module
transitions the wireless network device between an active mode and an inactive

mode. The power management module transitions the wireless network device
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modul e transitions the wirel ess network device to the
i nactive node after the RF transceiver transnits the
data packet. [0039] In still other features, a

wirel ess network conprising the wireless network

to iR AcifatobR ol 4T il oBpEGR Tffeynd e ROWPY HeEgement

net wor k . devi o the inactive node after all of the
mosllg; transition *i\mmlea%vnﬁ%%r Kiqeyicaia the ipactive,modst after the RF

coordi nator device periodically transmts the beacon
transseivies trRRsmitstbe gdat@ packéte transni ssion position nmeE2
and the second IFStine is equal to a default IFS tine

of [0089] sehosill vihee festarese awiirdlesie network [coflsingithe wireless
other features, a first wireless network device in a

netWoH@'d%%ﬁ:e ﬂﬁfﬁﬁir&ﬁmbﬁ%eé IN-H UGREle8s Phetivdrik tdevides. The power
W rel ess network devices corrprl ses transmtting and

maﬁS@%héhPﬂ!o?ﬁ@ﬁaﬁQﬂoﬁé r%lbk? Qemk{cfé‘?/?dgvforlﬂeqﬁé&lve mode

ts an peri odi ca ransm

afd o ey Hiftiéss ﬁ%@%ﬁ%&% (TR0 5% pagsh fy coordinator

or deternm.ning a transm ssion position m and
deviaiBe IR EARITILS Bibaain (oBeH SR aSCeNEr. SBedansmssion

a second IFS tinme when the transmtting and receiving
posiiommz2@ndvthe secord dFBatimet isf equalatos acdefaulti IFQ digwe of the
net wor k device having a transm ssion position m1,
second Wirslesehetworkgevive. default | FS ti ne when the
transmtting and receiving neans does not receive a

dat [COHG]?keln fotteen fe2fura8C anfit YIRS neIRIrKIEVIEEE I @ewireless
[0041] Tn still other features, the second IFStime is

netWoRe fafNindiudedva hﬂalft)he?fj% E&s'ﬁ?&ﬂdrﬂedeyﬁ sREompnses

transcei ver transm ter one o
the, default |ES tinme or t he sec

trar\ﬁrplgfr@sgn% [QGEIVING JAGANS, erarrapﬁgp ng andsrecelvmg a_ata packets and

for periodically transmitting or receiving a beacon, and control means for
communicating with the transmitting and receiving means, for determining a
transmission position m and a default IFS time based on the beacon, for
selecting a second IFS time when the transmitting and receiving means receives
a data packet from a second wireless network device having a transmission
position m-1, and for selecting the default IFS time when the transmitting and
receiving means does not receive a data packet from the second wireless
network device.

[0041] In still other features, the second IFS time is less than or equal

to the default IFS time. The RF transceiver transmits a data packet after one of
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conpri ses power managenent neans for transitioning the
W rel ess network device between an active node and an
i nacti ve node. The power managenent neans transitions
the wireless network device to the active node prior
tp.a dul ed, beacon ,tige. Th ower, managenent .
the dasiiut ARG s SarenlTF B trae. " THE MG eSS B Rk viggfurther
i nactive node after the RF transceivyer .transmts. the
COMpRYISES paWeEtMapggament means Ifobttf?é}s'tfoé‘mqutgg, wieless network
wirel ess network conprising the wirel ess network
devike,/betwesn an ectiee ng @p inacativei mefes I heepewekmanagement
devi ces. The power mnanagenment mneans transitions the
means diasitionst the kvikdessc aetworkhdevicenddi the actile naddesrprior to a
all of the Nwreless network devices transmt a data

scheatle’d! bedddh tirh&ansg E&@ﬁnﬁﬂ%?éh@ﬁt MrehrdnfandiforiLtR Wireless

IFStine is equal to a default IFStine of the second

netWoEHEViEe 16 R iKadRY MBdel it the 'RF YHahSEel/BRRhSMitsdhe data
Met ho or transmtting and receiving a?a W a
fi E(St wireless network device in a wreless network

pactkﬁ t includes a plurality of wreless network devices

conprises transm tting and recei vi ng data packets .

per 8&§l~al ﬁ'}xSE" athenfedtiiRs: Srwireless 0 %0’&509 i5ing the wireless

determning a transm ssion position mand a default
netwegk dewiseefstutthen comprisesdir, wirelesstnatyork devised. | He power

time when the first wirel ess network device receives a

maragempat meians transiticsche dvirelesehetwork elevicekodheiinactive mode
having a transm ssion position m1l, and selecting the

aftétebAubt the SNt Wirelede netdisrk! Bt frahsiiR ACHMQN packet. The
device does not receive a data packet fromthe second
ol SLERDARAPHEIE s REYmb B o Ueloye s ume
of tbgtstgggeﬂgi%?é%%ég@g}gagimépgat a packet is transmitted
[0043] In other features, a method for transmitting and receiving data
with a first wireless network device in a wireless network that includes a plurality
of wireless network devices comprises transmitting and receiving data packets,
periodically transmitting or receiving a beacon, determining a transmission
position m and a default IFS time based on the beacon, selecting a second IFS
time when the first wireless network device receives a data packet from a second
wireless network device having a transmission position m-1, and selecting the

default IFS time when the first wireless network device does not receive a data

packet from the second wireless network device.
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time or the second IFS tine. The first wireless
network device is transitioned between an active node
and an inactive node. The step of transitioning
i ncludes transitioning the first wirel ess network
devy 0 ive prior to schedul ed peaco
Covio0ag) o 1S SiharteRRiTes DiveripdoR 1B §et§m9r'arh%$%ﬁm Goequal
the first wreless network device to the inacti
to thestefault &S time.1 Ay datapacketisstrarsmitter aftes\anecof the default IFS
transmts the data packet. [0045] In still other
time cort iheesecansk IRS tighe: s sTheefitgd rvireless network dévies és dransitioned
networ k devices. The first wirel ess network device is
betiveans ahi actb@ theoddearidnaet ingetiveosiedef t Gthealstepfoft fi@nditioning
wirel ess network devices transmt a data packet. The
mcﬁ.uﬁéﬁ?tfﬁr%ﬂioﬂ'ihq)ﬂfé firsP WireTessaHtdwbAEd8AEE 16l thd §cﬁ\ké7ﬁ1do% prior to

equal to a detault IFStine of the second wreless

a sEﬁéd\ﬂé& b@%&bﬁ? dé 09&@]stédqopﬁgﬁéltlérﬁﬁg%ﬂdﬁdesatrﬁﬁﬁﬁgﬁ|ﬁb the first

pr ogram execut e rocessor
nsm,tti and e el Vi ng. dat a

W'f?'éﬁs'?ﬁtwrmgieeﬂce a0 nage” bReBRNS dne ikt Migieps Retwork

rapsm ssi on p05|t| on.mand a default IFS tine based
de\ﬂ?ﬁtrﬁesmga ke datapackatng a second I FS tine when a
first wireless network device receives a data packet

f r 0045} e c dmstilliothercteaturesthe wirelessenetworin includes N wireless
transm ssion position m1, and selecting the default

netwetk tevieeshdine first hinetdss nétweriedsvive tiswraksitioned do dlee $hactive
not receive a data packet fromthe second w rel ess

moti8tamdrkall oF itk N Mideds hétvﬁirk'dev%e‘%efrarf\ﬁﬂftlﬁ gata Paéket The
second IFS tinme is less than or equal to the de

vt YR RaiaiThR 295K e A3od FEPSIIMERY oA BB P tme
ftbi rst._ w rell_rgiss n%&lworﬁ device is transitioned between
of thi seepnd witeless Nefwork deWSE: i ve node. The step of
tran %Itlonl n%

[0046] ther 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
device receives a data packet from a second wireless network device having a
transmission position m-1, and selecting the default IFS time when the first
wireless network device does not receive a data packet from the second wireless
network device.

[0047] In still other features, the second IFS time is less than or equal

to the default IFS time. A data packet is transmitted after one of the default IFS
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i ncludes transitioning the first wreless network
device to the active node prior to a schedul ed beacon
time. The step of transitioning includes transitioning
the first wreless netmork device to the inactive

. after th I,.[ St t work, dev

timf 130! $Eonk aéé'a*epa ChistRurtis st bR fcr is tapsttioned
nF2 and the seco |FStIITEIS€ua| to a default |IES

betwegn an @‘HB’%E&% apdr anethactive v!BPQed eVinge ste[m@istjrammtlomng
other features, a wireless network device in a

inclydes rtr@sisition'mg/\kb\ekfirshwireletse|nm\aerkad@1im to theyactive mode prior to
wi rel ess network devices conprises an RF transceiver

a stineduléd beaoon sinme)dThe stepvetratsitiornieg elwdesitatditidning the first
periodically transmts or receives a beacon. A

wnr@leﬁé eltwBRd deQiceots e qﬁé&ﬁ/e\/‘hfoﬂet BfleRihe tfirstaM@Ia53! network
deternm nes a group identifier and a station identifier

de\{?(?egﬁgng’rﬁné bi5e dBEAS: ta"mefigé S|BH C‘i;)og élofﬂ L) %'dtthe second

second ase

e RSB Bpl Ph B 5 A PR
BBl o1 Fror Be5feBR, o SuSTD DRy SRR S rotss

station i dentlfl er. The second IFS tinme is |less than
netoorle thatl inclidesea gduralityt of wiselessenetwoek devices| caropiises an RF
determines a group identifier x and a station

transteiverf theat trahersitd and t lesehescdata Tarketntarel thab @driedically
sel ects the second IFS tinme when the data packet is

transthitd ¥eFetdiosd 3 pegesnd A(V'cbﬁ{rst&d&l%bhrﬂ@ﬂnbﬁféshﬂ}fh NHe RF
a group identifier x-1 and a station identifier y.

traﬁr%% ‘?nﬁé@rr{ﬂﬁ%"‘h r%ﬁgel%ﬁtlﬁ arfda%oéﬂtlbﬁ Sn’%éhﬁ?%r%éd on the

a't a celve oma second wrel

o A B BT e s o

selects the default IFS tine when the data packet is
datapaskekreceiMeth a second wirel ess

[0049] 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
time is less than or equal to the default IFS time. The control module determines
a group identifier x and a station identifier y based on the beacon. The control
module selects the second IFS time when the data packet is received from a
second wireless network device having a group identifier x-1 and a station
identifier y. The control module selects the second IFS time when the data

packet is received from a second wireless network device having a group

18




networ k device having a group identifier x and a
station identifier other than y. [0050] In still other
features, a group IFS tine is based on the group
identifier, a delta IFS time is based on the station

ntifi and fault [.FS Is.a,sum t he
idefyfyersSan Sodnd 4" piRloR dronfiery. . e o adade seldcts the
transmts a data packet after, one of the default |IFS

defapli JF§: times vgtmﬁlaeﬂaj,at pWetAsp@ﬁ@pvednﬁ@g@mond wireless
nodul e that transitions the wirel ess network device
netwerk\deyice having: a geoupidentifier xand a=tatiareidentifier ather than y.
power managenment nodul e transitions the wreless
net[0058] den still tathéhfeaturelsy @ grodp IFS timet is Bassehedthe group
beacon tine. The power nmanagenent nodul e transitions

|dehi'ﬁérWardﬁll%SFFS1ﬁh1@Fskbé3§éd 68 the stdiPdn |U8ﬁﬁﬁérV%nHUtHS default IFS
after the RF transceiver transnits the data packet. A

tlmggéj? u'?l%bf’ ﬁ gqgsotﬁﬁF%gl'gctf\la'délttarl??Stmw%h THESIRRAE | nsmits

i Ver I'n" st er feature

a deffpp ﬁwgﬁfr%‘% bﬁ-ﬁfﬁ%ﬁﬁ&?‘fﬁ%e 2%&6@3%%@%#\ power

nor e rocessor The co ut er ram can resjde on
mapgasmeBl Medilie hat f@astians sherwieleBamatwork devicedbetyeen an
menory, non-volatile data storage and/ or ot her
actiygi mgde @nd am inastive Jnodeg d heertwersmapagerentmadwde transitions
areas of applicability of the present invention wll

thelwiceless network mevicedm the actie¢ addedperstora stheduled deaden time.
herei nafter. It should be understood that the

Thé! o |
: E’S’. gg?ﬁﬁ'géq_éii'?ﬁ%hgaﬁ?@gmg%gg?qngﬁét@?%emm 8evice to the

inabﬁ\{ée gnaftél'rtﬁe'F@l& S8 ¢l 8 trgﬁéﬁﬁ? ?ﬁ%%\té bgﬂﬁétr A | MBrdinator

are not inten € SC of the

s RY B A W R E R 1
under stood from
[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 should be

understood that the detailed description and specific examples, while indicating
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the detail ed description and the acconpanyi ng

drawi ngs, wherein: (0054] FIG 1 is a functional block
di agram of a wireless network that is configured in
an infrastructure node and that includes one or nore

cl.ient station an acces oint (. cordin
theg pistRireq BhitRdingEey METRISROR, Bis dolebrBi Froakroses of
di agram of a wireless network that is conflgured in
'"U%tfﬁt'é’d' oy apd de Aed intended f-limi die geope of thecinveption.
stations according to the prior art; [0056] FIG 3 is
a functional block diagramof a w reI ess gam ng
network that is configured in an infrastructure node
wirel ess local area network (LAN) according to the
present invention; [0057] FIG 4 is a functional block

di agram of BRIER IDESGRIPQ"I‘@N' OF THR DRAVWANEGS gani ng
netvvork that includes an SOC and a radi o frequency

I0PL8 e SO (L8 ) b9 o
o S PR LS R

|II lient station TDM  protoc deltat|
kAT el BiG: | Afadueeionah §lack ci'g@ra,m pga wiralesspetwork that is
[0060 FIG 7Ais atimng diagramthat illustrates

corfigueed insaminfeastruriire mode and thatineludes one AN naereotlignt gtations
to a first inplenmentation of the present invention;
and a0 @attess point AP raecdrdimgrtg thie pgorartf hat i1l ustrates
client station IFS times in a wireless LAN according
t o [@066] st Fi@PResarfupttichal Blodktiagiads BNk wirdiEeheMbrk that is
configured in an ad-hoc mode and that includes multiple client stations according
to the prior art;

[0056] FIG. 3 is a functional block diagram of a wireless gaming
network that is configured in an infrastructure mode wireless local area network
(LAN) according to the present invention;

[0057] FIG. 4 is a functional block diagram of an AP for a console in a
wireless gaming network that includes an SOC and a radio frequency (RF)
transceiver according to the present invention;

[0058] FIG. 5 is a functional block diagram of a wireless network device
according to the present invention;

[0059] FIG. 6 is a timing diagram that illustrates client station TDM

protocol delta times in a wireless LAN according to the prior art;
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[0062] FIG 7Cis atimng diagramthat illustrates
client station IFS tines in a wireless LAN according
to a first inplenmentation of the present invention;
[0063] FIG 7Dis a timng diagramthat illustrates
cI| n_l.FS rresmavvl el.ess LAN a .COdI
o 198BPF < F A Bnenlii sledfatl It dliaraipn aien staton IFs
0064 FIG 8 is a flowhart that illustrates steP
t'mﬁ%rlﬂo@ rfﬁtﬂe|§§3 aLAN; pe¢rdingn & vibfisty ipplemeniatien «ft the present
client station IFS times according to a first
inveéntigingnment at i on of the present invention. [0065] FIG
9A is a timng diagramthat illustrates client station

| F§0061es FIG. aBMg al tiing- Alagramotitht nlustratas Seliepb Gtation IFS
i npl enentation of the present invention; [0066] FIG

S a idl t t
1 k188 ANCSE Il 4 S KRGS X B Dot

inv nem‘;‘nt ation of the present i nvent| on; 21 [0067]

'9Cis a timng di agramthat iIIustrate_s client
cdBRB2] rpf KeACads GnioV HPGARS R Mosicaie: Gient station IFS

. 0068 FIG 10 is a flowchart that illustrates steps
timge (i of nitieleys LLAN; perrdinon & \ibrfikstq kppleaniatian &ftthe present
client station IFS tinmes according to a second

inventjgnénment ati on of the present invention; [0069] FIG
11Ais a timng diagramthat illustrates client

fo{PgBIB] | FEIG! i7Me$s Iantummqqﬁﬁg?ém thalY ingsteatels Ndiehe station IFS
npl enent ati on of the present

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; [0070] FIG 11B is a timng diagramthat
illustrates client station I[FS tinmes in a wreless
LAN according to a third inplenmentation of the present
i nvention; [0071] FIG 11C is a timng diagramthat

L ANORBEE P16 08 Is B i et MR dtefted | diénf Satign IFs
|n\(ent|on OO'Ké] FIG 11D|sat|mnq di agram t hat
times i, & wirelesschAlhaceardingole #msscopdnEylementationepbifie present

LAN according to a third inplenmentation of the present
inventiamti on; [0073] FIG 12 is a flowhart that

i |l ustrates steps perforned by a wreless network

deVf0068} 0 EFGedi0 i iaefiowshatti that |ilkSttates steps pealformedoby a

athird inplementation of the present invention;

wurél@@g Hbtvidrle dehdde ts sélefctJ Bﬁéﬁt@léﬂlorblmkmfbsaﬁé(%fdﬁfg ® a second
high definition television; 22 [0075]FIG 13Bis a

|m;{|%g% agpgof i:l, f,lkggggﬁl high: @ vehicle control system

unct| ohal bl ock di agram of a

el e; 077 FI.G 1 unct i,o
or JOUR ooFRG J1RoE R INfifh digratdhat i BelrHieS et tqtion IFs
(J: THE PREFERR EI\/B(DI MVENTS The fol |l ow
timeg.dg @ pyir ﬁs%f'—liﬁﬂea?ﬁoé‘ﬁ'eﬂrl@d aeh%@d imelementatian gf; 8195/ present
exenplary in nature and is in no way intended to limt
invemior; nvention, its application, or uses. For purposes
of clarity, the same reference nunbers will be
[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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used in the drawmings to identify simlar elenents. As
used herein, the term nodule and/or device refers to
an application specific integrated circuit (ASIC), an
el ectronic circuit, a processor (shared, dedicated, or

ar nd that ecu one nor e .sof t war e
o 87 AR £ e 8 JuBREIA IPER aferagt of g elis, control
sy Snd/ or other suitable conponents that provide the

cribed functionality. [0079] An inter-franme space

(IES) time is a mnimumtinme that a station waits

af ti076he EHEMiidCIawi fanctianiil bindketiagresn bf acefiuianiphboe; and
transmtting data. To mininmze power consunption, the

wi r[@0#3} pFdGodaD imadandiioral biodkidiagnaes efit seit tb/p?bbi(.on
allows stations to use shorter and/or constant |FS

times with no random backoff periods. By preventing
collisions while elimnating the need for random

baghet AL mcgnﬂn@m o5 Pl ﬁRE@rEﬁF@Eb J\ﬁﬁdmg}gémgref

every station e average awake ti rre an

i rOOZEL P kit 44"8??55 'ﬁﬁ o ot TR Renborimpngs) s

m?de or an ad hoc node npl enent the Wi rel ess

mepzly exenPiary 'ae%a!w%@adﬁér'@m Wzs inisndef tprinitke dgyantion, its
of networks, nost or all of the stations need to

applicatiensi ar usesa FarRuUraesss of darityx thepsameaefarante baatens will be
interval. One exanple of this type of network is a

used irelties drawimgsl o ddentify simppdn elements. SAscesed Herein, ahé term
of the stations transmt frames to one or nore other

modulet amdYsr devicedref@etobanapplicatibnespeadific %té@ﬁa‘t@d CIFCUlt (ASIC),
station determ nes a station access sequence af

antﬁ onREGRRIR, b FHoRELSor @Hare@%eﬁﬁ%ﬁ%{j rﬁ?r Zq%hﬂgaﬁa'?ngﬁ)}’y that

station access sequence
oxrflé" drtlo} gy %Pftavfﬁ%' @%“gPrﬁwﬁ?%rEE%éﬁ%etai %‘Sri{ﬂ‘ms onal logic
cess sequence and partly on frame

ciraiognRE P SLipDIESaTanaTs that-nray e dhe Sespabe@ functianality.

th [?)079] An inter-frame space (IFS) time is a minimum time that a station
waits after the communication medium becomes free prior to transmitting data.
To minimize power consumption, the wireless protocol according to the present
invention allows stations to use shorter and/or constant IFS times with no random
backoff periods. By preventing collisions while eliminating the need for random
backoff periods and by maintaining short IFS times for every station, the average
awake time and the power consumption of all of the stations is reduced. A

wireless network operating in either an infrastructure mode or an ad hoc mode

may implement the wireless protocol as described herein.
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manner, a given client station will transmt data
according to a first IFStinme during a first beacon
interval, and according to a second or different IFS
time during a second beacon interval. [0081] In a

i ROBF OB Bl B BRiAks. ol of PR o atetions need to

transmt fr 0 every other cllent station _during
tradER R, coRIAR oloy el FHaneH peaoon 18i2EYlc OeRrsxample of
station dictate a client access sequence for a given
thisstypeef netwerly ig a wireless rensole gamiog applieation.s Singenmwst or all
is varied by randonizing or rotating the IFS tines
of thetstatiarisctransreitfransesata ome of aldrewither statibnddaring each beacon
transm ssion. In this manner, a given client station

intervall 4 rraaster tstatidr RAGPHIAES % tafor! idcebss Fsaduef@e after each
dur i ng a first beacon interval, and according to a

beé&?PﬂFé’nérﬁésfdn”eTﬁé‘ rnHéQelais:t%ESH Qﬁe sFﬁtﬁJnvé‘écess sequence

[0082] Referring now to |gure W|re ess

by Pﬁ%ém 0or @gbﬁﬁﬁﬁ%aoﬂ%s toélgam n eca%pgzt(éarg%ms%)n The

d | ess | t wor k
SR it B B, deRerient I x@bﬁ?ﬁr@ﬁg%saéeque ce and

i nfrastructure node network. The host gam ng device
Parly unoso framasy BeayiQysly Ireeeivedin e patiaubaraheacgre iperied. atn this
an access point (AP) in the wirel ess gam ng networKk.

mamher, va rgivers sligrtnstatjonewillotransrait Idats dcwordingatoea first IFS time
mobility of the client gam ng devices 34 and conserves

durimieafirs Be BV intedl edH@'d&oFdh? %y &f 8bbortloRidiféredt IFS time
the active node. Those skilled in the art can

durﬁ'fboégéb&ﬁc?bégéén fniénBpst gam ng device 32 and the

am ng devices 34 may be a game consol e and

sw@égﬁg ﬁg Wﬁﬁ\gggss i{)‘rﬂe'i C'IZER \éﬁla Igatl%bﬁnb'as{ructure or

wirel ess cllent stalon Alternatlvely the wire| ess

ad hog; MedgealloFiiendostatiens, deapsmit frames fo ‘every other client station

during each beacon interval. The IFS times of each client station dictate a client
access sequence for a given beacon interval. The client station access
sequence is varied by randomizing or rotating the IFS times among the client
stations following each beacon transmission. In this manner, a given client
station will transmit data according to a first IFS time during a first beacon
interval, and according to a second IFS time during a second beacon interval.
[0082] Referring now to Figure 3, a wireless gaming network 30
includes a host gaming device 32 and one or more client gaming devices 34.

The client gaming devices 34 include wireless local area network (WLAN)
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the host gam ng device 32 and operates in an ad hoc

node. [0083] Referring nowto Figure 4, an exenplary
AP 14 for a host gam ng device 32 includes a system
on chip (SCC) 34. The SOC 34 includes a baseband

nrocessqr (BBP) 42. ia acces ol (MAC)
narflarE 7 pPetate =t clieft Saford frah I tichin %pﬂe&etwork The
collectively at 46, including interfaces,
hosf g@amipg geyicesad also 'Rcluﬁéﬁdwf‘iﬁ%bﬁh‘th rdwiare aadscmratﬂs as an
48 along wwth the BBP 42 communicates with the MAC
acagss ipoint4AP) Tim gherwinetesssgamingrnet®ork. r The iwitel¢ ssegamiregs network
data to/fromclient stations in the wireless LAN

allotisnder igneatdP mbBilitgyof htiee clienta gahing | devicdse 18de @nidotconserves
the client stations during the | ow power node, the

opeYBéng Povas By ré@@élﬁé &hedovaithl quréﬁbn brehdfetilBVineBet4 Those

stores data that is i ntended for the client stations

skilldd fnhfhebﬂﬁfc_%n QBP ét th??cﬁ:él ur i dl%?hﬁ'én% a{lgt fﬁ% client

active no
a netvvork 18 t hat |ncI udes ot.her no
garbfigh dafices Bao mals o a gatgS PEnsolk G wielgss, MUt “devices,
di stri buted comruni cations s stem 22 such as the

respagtiehietor 28Y (YR PUIEBRIA IBIP @nenf@aﬁm@f @ \AR gl one or more
i ncl udes an exenplary wreless network device 60 as
wirglgsswelient stations Altetmatively, she svirelesswgaring: nwetwork030 excludes
according to sone inplenentations of the present
theihoskgamimg devise @2randoperatesiim amad Roctmeade.cei ver
nmodul e 62, a baseband processor nodul e 64, a power and

cl qob8sdpduRef&fingandRCdTFIsire 68 .anaBdlem AP 14 for a host

management nodul e 70. The ~RF transcei ver 62 includes

garﬁlrr]\ged‘é?hé’eeﬁ 8c1ag8s 36%730% rfér% §ﬁCJX§;4| $hEB 0B Mhcludes a

tmor devi ce SO i‘NC a processor ah
her, st andard nents.,. [ 0085] A fr

o2 BPATH PSR SOrC(BETS] Hdes Hofith Seoaas. Rt PABIAE bigyice 44, and

other SOC components, identified collectively at 46, including interfaces,
memory, and/or processors. A radio frequency (RF) transceiver 48 along with
the BBP 42 communicates with the MAC device 44. The RF transceiver 48
transmits/receives data to/from client stations in the wireless LAN. Since the AP
14 may have data that is intended for the client stations during the low power
mode, the MAC device 44 includes a buffer 50. The MAC device 44 stores data
that is intended for the client stations in the buffer 50 until the client stations enter
the active mode. As illustrated in Figure 1, the AP 14 may be a node in a
network 18 that includes other nodes such as a server 20 and may be connected

to a distributed communications system 22 such as the Internet.
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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

tli@?%i" g G e IbG fonds 34, Roudhs o Bxeainigh yseless
nals for the receiver and transnmitter 72
netiygel Fievides SDe8t  ShaW InGHGETe Bur | e Mtalpsomemork device 60

operation, an input of a Iow noise anplifier (LNA) 84
acqoe@eg\xessosmg implenerdatiens ahthenpresenbinventiom)is shown to include
anplifies the signals and outputs themto the
an IRFC tiansceiver. madule§2{ mabasetdndr prricessdr mddufs 6aUbppdwer and
of the transmtter 74 is received by a power

cloékRlddule266 ( #NABEmontiiedB, HNdPa bewaFPdrdgenerft rggéuh% 1® The

the antenna. [0087] On the receiver si de, the

RF itffriseeRer 89 |ﬁaﬁ88§r tl‘écgh/@f V?'andcé)ﬂ‘!l%hﬂff(ﬂ(ﬁ%ﬂﬁ% Adt&Ehown,

recelves signals omthe recelver

e BERUDZ 3oL Ap BEBIAIEE 2 rBhel, 6P Sancar

communi cates with an external interface 92, which 26
CorpRRRRMecat es with the MAC 68. On the transnitter side,

the MAC 68 sends signals to the external interface

92,[00B5Lh oA érequencysyothegizer #6dudlades aPphasedocked [maip (PLL)

to a digital to anal og converter (DAC) 96. The DAC 96

78 thdtpeteives gnfitst réferendee freqaeney front ard bsclllatorB&iRH4s a crystal
al so may include a PLL (not shown). Alternatively,

osdillztorA88: %@*@qﬁ@ﬁcg%?n%sfﬁé}‘ Wais%cédrﬂglngnatv?ﬁfagg controlled

transcei ver 62 The power and clock no
036}@2‘1%’:]@@02%2]%!&1" lde\éoér{ Qgﬁsg@?%ﬁgﬁugﬁcggg&élt based on an
inp%to pal 3@@0?%?‘;&%8%"@%% sy 83|zer |7E3agqenerat\é%| RF ande IF output
signals for the receiver and transmitter 72 and 74, respectively.

[0086] During receiver operation, an input of a low noise amplifier
(LNA) 84 receives signals from an antenna (not shown), amplifies the signals and
outputs them to the receiver 72. During transmitter operation, an output of the
transmitter 74 is received by a power amplifier (PA) 86, which outputs amplified
signals to the antenna.

[0087] On the receiver side, the BBP 64 includes an analog to digital
converter (ADC) 88 that receives signals from the receiver 72. The ADC 88
communicates with a demodulator 90, which demodulates the signals. An output

of the demodulator 90 communicates with an external interface 92, which
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i ncludes a | ow power (LP) oscillator 100. The power
managenent nodule 70 along with the MAC nodul e 68 and
processor (not shown) selects an operating node of
the wirel ess network device 60. The operating nodes

o SRS e 0 M P e A ons
TR dPA B 2R A SAALED b P borg o

optional calibration nodule 102 that is associated
outppt 1o a digitah tnapalegrernvedst (RHENI98. 7bhe DA BBHtPUts signals to

used to calibrate the duration of the inactive nopde.
theTtransmiittésr Fdi onThed BB 1830 alse einays inbtudeitap uPLbf (ndteshown).
LP oscillator 100 and a PLL 104 and cali brates a

Alterabtielpfthe ADCr8& and ke DAC geanuﬁm lot@tedadrf tHeARE trdisceiver
duration of the inactive npde e calibration can be

g2 perforned periodically, on an event basis, randomy,
before transitioning to the inactive node and/or on

anyl; Erhgfr THk! gr Q?@ZCT K%L%rui@% é%yegrbem]ulti-level voltage

cal ion no e om rom

soutbé S8R r?ég}%%s‘f @Sﬁnnaf VPlﬁmag R &s YoP Saf % mﬂ%ta@aa' and

bias circuits 108 and 110, respectively, that provid
outpytsr BWR QInBIAe V/tAgea lRvels. asERE ROWRr ABd scleck dUOdlsk'e 66 also

and/ or nodul es (connections not shown) in the
inchidee e ksv pewesr(k PY @scitlatad0100rhd heupowat ninagementuinodule 70
108 may include one or nore off-chip calibration

along witht thesMA® matudeveB awdl prdtesyol {rdshoway stlédtyidn Gﬁéfatmg

i nclude one or nore on-chip resistors (not shown).

moBérb? tﬁéﬂNh‘&b@%t\W@ﬁ@ﬂSﬁ%& 601121'%3?{5)&?@ EHQS l?rﬁéléde active

t he current bias circuit 108 00

on] RBRATE Y & SEF oAb o BB 49 % b

The %8 %FHavn%g%ment module 70 may also be located in the MAC module 68

or the power and clock module 66.

[0089] An optional calibration module 102 that is associated with the
power management module 70 is optionally used to calibrate the duration of the
inactive mode. The calibration module 102 receives an output of the LP
oscillator 100 and a PLL 104 and calibrates a value of a counter 106 that is used
to calculate the duration of the inactive mode. The calibration can be performed
periodically, on an event basis, randomly, before transitioning to the inactive
mode and/or on any other suitable basis. Alternatively, the calibration module

102 may be omitted from the wireless network device 60.
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only digital nodules. An output of the phase | ock | oop
(PLL) 104 is coupled to the CDR nodule 114. [0092]
Referring to now Figure 6, an exenplary TDM ti m ng

di agram 120 according to the prior art is

act 0980w her Pawst aB; Bofi ke e BFeC Melags, Surrent and

n 122. I net wor k oper at i ng inth
VO'%QE ﬁasr Giceuls Thgliand, R10 Actsnadivaly; Shaneraddecpent andior
ignal 122. |In the ad hoc node, however, one of the
vol@se@am i vaiaus eirguits and/onmodylescisanseetiniis nathshown) in the
client stations attenpt to transmt data according to
wireles$ gredulorkddeiget 60re sTHenlcLmenh biasheireudtc ¢p8i maydhclude one or
beacon and during an awake interval 124 that is

mocte bifratib [aliblatioheeeiorsi (@0@'3'16\?.’3? and0ph8l vdP%g%yblagrcwcwt may

delta, tinmes for each client station can be vari ed

incledé bnebsramere bRIHTY ?é&stgﬁgﬁ)’f %ﬂBWﬁ A B‘énﬂ’ﬂa‘}‘)“\ééltaﬁg reference

times may be carried In beaco si gnal I
yen for the client
11%?%& nlé‘);"%g‘o %@E*ﬁ?ﬁﬁ@%ﬁﬁ&gég tclﬁ?erval . The client
t n it lay tine fter thetransm’ssion
S %hgﬁ'ie\é\g‘r&oqﬁ? ég%% qsoNeRy i%@%k tmedrlaada4 peearms clock
transm ssion of a data frame or packet over the nedi um
recpvery Al ickideshenalegiand digital meduleisvEts and & aespedtively, or

may transmit an acknow edgnent data packet if the
onlyleligitahaoditesf Arheutpat loftheé phassilogh bope(Riilyet04 [s0é8diied to

Afirst client station waits a first delta tine 1 as
theiCDRshoduled 14t 126. Second, third, and nth client

st ations begin waiting second, third,..., and nth

[t)@gZiI ”R%ﬂferhﬁﬁ%cﬁb\)ﬁ* ure>bSh é){ﬁi’nﬂgﬂ FoN EF“'?’H diagram

the S test, it~ term nat sf I st. rst

oA SR8 B o BB 10 gk BB Bt e

acket, at 128, the remaining client stations are stil]
actlee mode prior to the transmission %f a beacon signal 122. In a wireless

network operating in the infrastructure mode, the AP transmits the beacon signal
122. In the ad hoc mode, however, one of the client stations transmits the
beacon signal. The client stations attempt to transmit data according to assigned
delay times following the reception of the beacon and during an awake interval
124 that is defined by the beacon signal 122.

[0093] Delay, or delta, times for each client station can be varied each
beacon interval. For example, the default delay times may be carried in the
beacon signal 122. As a result, the station access sequence for the client

stations varies with each beacon interval. The client stations wait the delay time
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waiting for their corresponding delta tinmes. 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 tinmes to
expi r Therefore, .t he second.clien tation. wait
afte, e GansiiRaE iy “oSRes et Belose AtderaBing dbfare hen
as jlJustrated _at 130. %&e secgond cl jent station then
transmissien:af 3,data fame Rpacket ovey the mediimids cemplete, the device
third client station waits the third delta time 3 as
that raceitesdhe dlata pagket may tranamit an acknawledament datespaaket if the
as illustrated at 136. The nth client station waits
dedtinatiombhthiepacketiisra singls re¢divert rated at 138, and then
transmts a data packet as illustrated at 139. [0095]
I'n pobarqumﬁrsbelw Btatirewiitd & firstidel@Nine N ad MBst#8iddeat 126.

tines o each station can be varied. For exanple, the

) s _ ! (et
Seé&ieriat, gllntclﬁ %oﬁrﬁtﬂadrlln H% ﬁ@l?ﬁ@ Bbaféﬁfgﬂﬁ(j QedbAG, thitdL.Neahl 'rnt‘il‘(i3 delta

I'rst nt~stati on may ‘dpera

: ] t.hi.r t.i i g . he..

timEE B8P tNely PHERE NG e Spomeh [ Fhirinpldbrst. The

. varied. Those skijJled in the art can recj ate that !

firs{ plien] sitation dransmits, 2 i ackef as dltisteated 2 178, il the first
sequence, nmay be varied sequentially, randomy, or in

clieahgtatipndransmitsad datarpackat at[1289 te mEmeaivingelient stationssare still
transition to the | ow power node after all client

waitihg tfoo theeilc compéspending delta thhes) s othéruwbrdst e tsanshtission of
termnation of the awake interval 124. For exanpl e,

thel firsB.cNéritedtation GRN2BJoBQIrsONiIcORRY Adrhamind) cliéyft stations are still
infrastructure or ad hoc npde, each client station

waSTOE M 8 4 oo IR, Sl Apgicin clen

s SRR Yo heCE Y PP BB e S e
at ‘P foc.k%'th'e sl:eocron%Xg%lt %iat%orrlw t{?\ewi trraerlmserﬁi?s a data packet as illustrated at
132. The third client station waits the third delta time 3 as illustrated at 134, and
then transmits a data packet as illustrated at 136. The nth client station waits the
nth delta time n as illustrated at 138, and then transmits a data packet as
illustrated at 139.

[0095] In subsequent beacon intervals (not shown), the deita times of
each station can be varied. For example, the nth client station may operate
according to the first delta time 1, and the first client station may operate

according to the third delta time 3. Similarly, the delta times of the remaining

client stations are varied. Those skilled in the art can appreciate that the delta
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gam ng consol e operating in the infrastructure node,

W reless input devices operating as client stations
may transition to the | ow power node i mredi ately

after transmtting data to the console (AP). Since the

. af | S..S.e nce vari follow ng each heacon ..
timi e T SEFarE R SABEE degkRE 'BRuplice. eV he Yaned RHtRntilly,
tati ons consyme a xi mately the sane average power
fa"§9 Vvtqrﬁ%?"y@@@%f]&ﬁf@i’gﬁ MaRgehow to Figures 7A through
7D, a timng diagram 140 illustrates a first
i 0886kt atlinencligntt statigns fransitionvientheo low masyvercivioget after all
station is assigned a default unique IFStinme 1, 2,
cliedt .stations asmpbgtestrdnsmission asi ifjustrateldt by thentesmination of the
described with respect to Figure 6. The unique |IFS

awake'Rerval$24.! Mor eXapiplenia 4 Wireled3<ddrhinl rhét%rl@b[aefatmb in the
ascending IFS, simlar to the effect of the delta

infrasiGGuRE BF 'ddPFdc MobbCeath dIRWE\SEition Aémbins 5{@%@% r;gsorder to

neasure a tinme since the transm ssion nedi a

e I f [ i e n

recplVE ! fitd FagkaBrdin, i ek BieBo NS T oPFRIE st at  on

wali uni.que I FS tinme 30 after the begcon

traﬁt‘@ﬁ?l;si ematively gAcharlient staipa,fransitions daithe low power

station conpletes transm ssion. [0099] The client _
mode dmmediately pBer faasmitting racdata packels i ey exampleedt enwireless

interval to determ ne whether to wait the assigned
gardimigaabnsdl€ Sopenatingrinatheh infrastruckireemodaliel, weirdl€Ss tinpet devices

In one inplenentation, if a client station receives an

operitieg laRdcimtitatics ARiyatranditien o the JoNasdwEhydet inPediately

(i.e. all preceding client stations have

o BASIRIETbe L 5o dd (801, S5 By iR ddes soquence
h cli.ent n_has a

varBBR TS BpencReded iRl Ris st SeBalishsand ih clent
However, a client station nay have nore than, one data
stalignse@nsurpe appraximately thejsama average,eewer avervtime. For
[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 unigue IFS time 1, 2, 3,..., n as opposed to the unique delta
times described with respect to Figure 6. The unique IFS times cause the
stations to transmit in the order of ascending IFS, similar to the effect of the delta
times described in FIG. 6. However, the IFS times measure a time since the

transmission media becomes free rather than a fixed time since the beacon

transmission 122. In this manner, each client station waits a unique IFS time
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exanple, a client gam ng device may transmt a control
data packet to a host gam ng device, and then
transmt a gam ng data packet to all other client

gam ng devices. Therefore, subsequent client gam ng

deyi ces woul d_expect. to r,ecei v t he gam ng.dat a |, .
aﬁeﬂaX tSe%qﬂn ﬁ(ﬁ" '@s'eant1ggl 8@9?00{ ﬁgtl?ke?. P[@Meiy client station

Referring now to Figure 7A, if a given client station
corplets SrRgE®Npackets fromall previously

transmtting client stations, the client station

wai[0998he iThs alient statioma dollavsone ias moresruleseddriigiench beacon

IFS tinme of the first client station as illustrated
intemval té det&tminki whether ite waitsthat assigned defduiel RS tinte bFS shorter
time 1 and transmts a data packet as illustrated at

altekddtiveT s speend 16! beatimpléthbRatibs, HeaoBkknt! &atibf receives an
station access sequence according to the IFStine 2,
r y ' tf t t o
xRt RRIREr (G 8 palkAF T pRrICEEA e’ (15, 5" G1oBBARG! ofont
an_expected. t yp ior.to transmtting. Jf the .
staffins3fia"e PRER ! et b1ed cliuafRE WeiteaPl alensfep s tme.
{Mg%{aii rst client station, the second client station 31
In picel wirdless-gaming apriications,seach shent: stelign hagl a single data
transmts a data packet as illustrated at 148. [0101]
pagket ta trapsmidita 4l theaqlwttslﬁiidﬁsr dtowevema dlieat station may have
already transmitted data during this beacon interval,
motén¢han icnendatea ket e dol frarssmit durilg aobedcomdhtepedl. For
the first client station and the second client station

exatiplbFa &ligie ghmindfevidd mhyctraRshitss *bhetbl datd Patket a host

the station acceSs sequence, and therefore expects t

aarfiERIoNRcd, AR RARHRE 5 VARG chf bRORATR e blerhdBming
devich | SotRIPR: SLRsSHvR, fEt gelihg elisesavalicexnes 18 thoeive
transmts a data packet as illustrated at 152. The

the gamipgidata paeket; But npldhacestrahdatagiackel and waits the
I FS
[0100] Referring now to Figure 7A, if a given client station receives

data packets from all previously transmitting client stations, the client station
waits the IFS time 1. The IFS time 1 is the default IFS time of the first client
station as illustrated at 142. The first client station waits the first IFS time 1 and
transmits a data packet as illustrated at 144. The second client station is second
in the station access sequence according to the IFS time 2, and therefore only
expects to receive the data packet from the first client station (i.e. one data
packet of an expected type) prior to transmitting. If the second client station

receives the data packet from the first client station, the second client station
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time 1 as illustrated at 154 before transmtting a
data packet as illustrated at 156. |n subsequent
beacon intervals, the |FS tines are varied as

descri bed above, but the clients stations continue to

w48 008, GG B A Rl st

client stations nore quickly, and the
'"”% F@h/ake time of the client stations is reduced,

m n| m zi ng power consunption. Additionally, since the
perl@8Athge ofInt pther weuds.r because dhe §rsit Client station already
transmt their data is reduced, there is a greater

trarisnkitted ldatal duniag thisl bedcaini interval, tHerbds ol darigertthanssliision will
each beacon interval when conpeting for the nmedium

occitr betwédre thaNirsh clieatvetakisn ahd tﬁéséérchIGQ:lléHP&%tlBHdﬁt IF8 time 1.

Figure 7A, the awake interval 124 is significant

The @4iKS flenf sfé‘ﬁ%ﬁ @rt@]dl '81%£ﬁe§f3t'f>ﬁt Qéde‘égss Lféh%g: an?jnﬂwrefore

recel ve proper erring no gure

ol Bkl ﬁféﬂé&%ﬂ%‘%wsté i S T —

recéﬁé? 0t AR OET e frsCade Pafon 'sF@QmC%ét‘?cﬁws dhe third clent

acket after IFStime 1 as illustrated at 158.
StaWais the hleS Jvee ddag illustratedsatal 5@ anddeansmoits praaiamagket as
recei ve the data packet fromthe first client station.

illustrated ek 461 €The hth sl station emraﬁﬁah@lbgm?;ﬁmd waits the IFS
recei ve the data packet due to noise or ot net wor k

tum@ncdtd uﬂﬁ@tratébeatqfﬁar&foi&ﬁaﬁﬁﬁmb 5'da%‘ba§kéttésoﬂlu¥‘@étb8 at 156.
the IFS tine as illustrated at 160 prior

In s}ub@@%ur@zﬁtt e on |H@?\%I§%E‘?FSQ§né§ !af"és\'}:{r?éoe %scr?b%ﬁ add\e, but

nth client 'stations ope recerve

o A g EE T ot ok, SL B e s

. respectivel
times. P y.

[0102] In this manner, data is exchanged between all client stations
more quickly, and the overall awake time of the client stations is reduced,
minimizing power consumption. Additionally, since the percentage of time
required for all stations to transmit their data is reduced, there is a greater
likelihood that all stations will be able to transmit each beacon interval when
competing for the medium with other WLAN networks. As described above and
in Figure 7A, the awake interval 124 is significantly reduced if most or all client

stations transmit and receive properly.
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[0104] Referring nowto Figure 7C, the timng diagram
140 illustrates operation of the client stations when
client stations 3 and above do not receive a data
packet froma preceding client station. The first

cli tati transmts.a atap after th
B3R, | ekl Ry ° §oF ke cols” Ufing. Hiagram 140
station receives the data packet and transmts after )

illugtyates pretatiop of the client fi}§'%'9 whenonggientgiationdagsqey receive
nth client stations do not receive the data packet _

a dateppachet feams enpreseding clien station. Fbhe &rstrgbieet siatipedransynits a
corrupt the transmission fromthe second client

datatpdcket aftéhéF 8 ftime ,1 abdllustiated atd 58t hHolwiewet, thieasecomd client
are not able to use IFStine 1, and use the default

stafidrbdbesRot §rop’§i'|9 réceiveIRE eiatsy thket[fﬂﬂrﬁ%e first client station. For
Al ternatively, the second client station nay be absent

exafn’i;%1 tHeGe [dht §%.°“TWE9 Hot tr?cé&?ﬁ?é%ﬁtfé%%@ﬂ to noise

shown 1 n Figure Ient

ans sad acket ter, the |F
or 9%5"%9??% PRI HiraRibcind, Mictdd alipTEsGrifR wats.the IFS
ot tr, nsm acket. Therefore, the ird.
t"“%l? éﬁt' t@t?%@tmﬁq QP'PhéO &@I“ém"i“"EF%dﬁtﬁ'ré’aﬁL%ﬁ‘ g illysicated at
first client station conpletes transm ssion as
162.| The thied aad ath client stationspropedy ireerive all ireeeding deata packets
a data packet after the IFStime 3 as illustrated at
andL Wit 8ierilFSr time thpriott o dtansmittingaas diusteated athd64 and 166,
default IFS tinme n after an (n-1)th client station
res? gfj.es transmssion as illustrated at 180, and
hen transmts a data packet as illustrated at 182.

seﬁ@qi’ b kSR Ay A Fufe, 26 B digl JRgram 140
Hies ppREpton S b8 FieRLaephs %ﬁ%tq"é%g?@ﬁomﬁg 413 gb8ve do not

client stations recelve t he beacon SI% The, beacon

rece Vsn%tldq adasket frpm 2 pregeding sfient,atatipRe EBPanﬁ cligmptsstation
times of the client stations. In the present

transmits: acdatat pagket after tredbd tineriags illustrated at 170. The second

L

iIIu'~

client station receives the data packet and transmits after the IFS time 1 as
illustrated at 172. The third and nth client stations do not receive the data packet
from the second client station. For example, noise may corrupt the transmission
from the second client station. Therefore, the third and nth client stations are not
able to use IFS time 1, and use the default IFS times 3, and n, respectively.
[0105] Alternatively, the second client station may be absent from
the network and/or fail to transmit altogether as shown in Figure 7D. The first

client station transmits a data packet after the IFS time 1 as illustrated at 174.
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may al so indicate a slot mwithin the station access
sequence for each client station. Alternatively, the
beacon signal may include a single val ue that
indicates both the default IFS time and the slot m of

each ient, station. For .exa C naI

The: S Seri. il Safon BPes it ARSRIDLE 481° PRRST on NprRIgHe, the thir
value that indicates the default IFS tine and/or th

cliest statigngvaits the defauit timen3 aﬂeréheﬂlratg@entast@mqrbﬁ@mpletes
station determ nes whether it received m1 data

transmiksion asfillusteatedrat 8@6. Theplhirdidlient station transmitscaldaupacket
continues to step 194. If false, the method 184

afterdhé iIFS ¢isng B astitystitéd alt 178t Gimil@dy, thbanth Iclient station mwaits the
waits an alternative IFStine that is |less than or

defg@@¥aFst ani @ asbpdr (hFI$tht lcli&nt btat@heeoﬁh ﬁateé hearfdmigsibn as

station waits the default IFS tine. 7] In step
|Ilu%l9a§r%d %P?S?epﬁqgw Ot?ér‘% né?%té’?@éﬁet%ﬁlp?ﬁafeeat 182.
rotlifielaa ciremEnpg © Hhu a%ﬁs%(Feép? 7selpffion method

cI ient station determ nes vvhet her the transm ssion
184,bagins instep k6. | In \.SF%"B@h@‘%@'i%cﬁtﬁtgms eateiithe aglive mode

step 198. If false, the nmethod 184 continues to step
prigrda.receivingedp beagon tianemissiemt Instep $90,rtbeatlient statipRs receive
timer, and the nethod 184 returns to step 192. In

thedieazonveignlsl, Theebehcemsighahinciudesoddtarthatdéterminds theedefault
IFS tinme for as long as the transm ssion nediumis

IFSf fiR8s of thd Blﬁarﬁ's'téiansStIﬁtthégré’éﬁrﬁ%éle%%ﬁtétléﬂ tAB He'é%on signal

transm ssi on nedi um S timer resets I n

ma?ta%’o cﬂca{ggs %;]f ﬁ{"(m r@ilﬁ%%tag*o?nééﬂet& e%?i%eich client

step ermnes et her the

safh SRlgF tazxg@zfrzqas%aso%%s%@n%ﬁ@q@@ék%ﬁqgfv%w it s
botmgcte I&ﬂg%&?g%& H{ééﬁ‘b \(/)Mf le!e\ch cPI nt station. Flo];' eg(;r%%e the
beacon signal may include a timer synchronization function (TSF) value that
indicates the default IFS time and/or the slot m of the client station. In step 192,
a client station determines whether it received m-1 data packets of the correct
type. If true, the method 184 continues to step 194. If false, the method 184
continues to step 196. In step 194, the client station waits an alternative IFS time
that is less than or equal to the default IFS time. In step 196, the client station
waits the default IFS time.

[0107] In step 198, the client station determines whether the IFS

time of step 194 or step 196 is up. If true, the method 184 continues to step 200.
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step 206. If false, the nethod 184 returns to step 203
until all packets are received. In other words, if
all stations have conpleted transm ssion and/or the
beacon interval is to expire soon, the nethod 184
ontjnues.to d
f 80 frRs e e ABT0RRNEas TReSED 2 Ton ISIGRS 20 6 QE%W station
client station attenpts to transnit_in this manner
detetraipes owhethge the transmissien snediuny isr freendlfi tﬂlﬁ:t"h@é“eth()d 184
node. In step 207, the nethod 184 starts an inactive
returnsi¢o stepni98. Ifrfalsteeﬂ‘lan@,thmdwéBﬁr@ohﬁduestb stepe2(R. nimsstep 202,
whet her the inactive node tiner is up. If true, the
the ichiehiostafic résets e | FDtimed rebithenhethoalc 184 retlgrsvial ste@n 92, In
returns to step 188. If false, the nethod 184 returns

othEPw%?d?éJ tﬁ@%hehpéfé?bn%rﬁfnhbggow e ﬁ@lﬂlh?e?' f&tas long as the

hrough 9C, the timng diagram 210 illustrates a

trar'r:ﬁ?\‘ﬁ ? Hﬁaﬁiﬂ RNidtad Of Eﬁ@acﬁleﬁf’eﬁé (%ﬁ“écfé}[eb@n ac |V|t on the

on receives arti

rom ecedl ng 35 client st atl on
traq%@sgppéﬂ?c‘llg% wm% ”3 Biternative IFS tine
before transmttin data. |f the client station doe
not[0A88ki ve t'nestﬁagz(?(bdhsrclw SRk FANPIYH 4 (dhata packet. In

i mredi ately preceding client station, the client
stept203, dhewmithod H84 ddsterminesrghether theatlient station has received
transmtting data. In the present inplenentation, each

datal paokets fidi Gl the birer diehtetationsi int deerélés%bh@tWﬁrk and/or
MAC addresses for all other client stations in the

wh%‘tﬁb %cﬁ)rp E@Val"Wﬂl‘éﬁ(gf(ré%%Bndlf #0é Jﬁ%@ﬁéﬁ@d"%@&&rﬁinues to

I entl e data pa recel ve rom an

el 5 3 g SR~ T BghoA0S B8 e ar

i nf ntha fjes ts or der t he

recghege anchaeoats. i ST statichg fiave Sarnpleted UPH@"‘H%‘%?”H/O' the
station is able to determne if a particul ar dat

begpank éntenyad i8 r i expire cerdy e m%ﬁ@@. a%ugpntmuséem $éep 206.
client station.

Otherwise, the method 184 returns to step 203 and the station waits while each

client station attempts to transmit in this manner. In step 206, the client station
enters the inactive mode. In step 207, the method 184 starts an inactive mode
timer. In step 208, the method 184 determines whether the inactive mode timer
is up. If true, the method 184 repeats for subsequent beacon intervals and
returns to step 188. If false, the method 184 returns to step 208.

[0109] Referring now to Figures 9A through 9C, the timing diagram
210 illustrates a second implementation of the present invention. If a client

station receives a data packet of a particular type from the immediately preceding
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[0110] If a given client station receives the data
packet fromthe immediately preceding client station,
the client station waits the IFStinme 1. If all

client stations receive the data packet fromthe

. correspondi ng_i,nedi at el. recedi.n ient station i
clieff FlapRoffe Sfent TAEOR M, ol ofiS&APHIFS' (6 Liastl Fansmiting
previously in Figure 7A. Referring now to Figure 9A,
datandf ﬁh%%gnﬁﬁt@gparﬁ%ﬁonm recsivexthes paaw}aétcﬂaiﬁ RAckek drom the
client stations when one client station does not
immediatelye preagdiing clientletatian, dhe alienhstationveits iveedefaulidFS time
client station. The first client station transmts a
befdad ramsmitiivig dataerinlthe present impleméntation aéach client $eation in the
However, the second client station does not properly

netWBAE Mdintalts dabBlePaf MAC fadeleddes forrdilt other icBht stations in the
station. Therefore, the second client station waits

et 7 A i R 408, 0GP0 Bh S cko

recei.ves the dat.a, packet fromthe, secqnd client
recg VBRI 2 MY RRAIR PERGGHTS SIELY FIICORaREG T Ity MAC address.
recei ves the data Eac,ket from an E_n-l%éﬁ?j station. .
Additienallyp each [data pRcket ingludesdnioraafion thafddeniifies its order in the
client station wait the IFStinme 1 before transmttin
statien accesd sepuaater rinntish svanner Fageceivins clientestatien rig able to
diagram 210 illustrates operation of the client
detetminieolifs avpanticaular slats epacket whs etransmittddoryy doe inonediately
receive a data packet froma preceding client station.

pre€B@ingidiight statigAl station transmts a data packet

a;;er I FS gl me 1 as iIIustr_at ed at 216. The_ second,
ant QTGRS 1 & BlVeB"bicht Brafts recupel e ey (pdciBt from the

. clienpt station its the |FS tine 2.prior t .
imrbedialily Pigtein Sl spatti the shert 313udh whlly e 1534ime 1. 1f all
_However, according to the present jnplenentation, the
clienh stationg deaeive cihee data trackeh frare et cREeaperdipg cnmediately
the data packet fromthe first client

preceding client station, all client stations wait the IFS time 1 as shown previously
in Figure 7A. Referring now to Figure 9A, the timing diagram 210 illustrates
operation of the client stations when one client station does not receive a data
packet from an immediately preceding client station. The first client station
transmits a data packet after IFS time 1 as illustrated at 212. However, the
second client station does not properly receive the data packet from the first
client station. Therefore, the second client station waits the IFS time 2 prior to

transmitting a data packet as illustrated at 214. The third client station properly

receives the data packet from the second client station, and the nth client station
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station in order to use the IFStinme 1. If the third
client station properly receives the data packet from
the second client station, the third client station
uses IFS tine 1. Likewise, if the nth client station

re ves the data packet.fromt -
probBiy réeiven e, thte PRGKE! Lo B (NooEL siakigh, ; ThefEtbre, the third
[0112] Referring now to Figure 9C, the timng dla? o
cliept gtation| ard (tae dih Gliephstationowaittbe dF Sctimes daferes rﬁﬁérm"ttmg
one client station stops transmtting or disconnects
datarom the wirel ess network. The first client station
transmts a data packet after IFStinme |I as
i | l[ost11pt ed Reférthg ThewsesoRguee | OB} thel airmimg dhiggram 210
not transmt. Therefore, the third client station

|IIu§tfa'%€§ @S‘pbﬁatﬂ)rﬁéF the SRt Qtatifisewh@ridlli subsedfehf Slidrittations do

as illustrated at 222. If the nth client station
I h
not%e %ay 95%‘: M&?ﬁ@?ﬁ &Ie%}egng;kcﬁkpa%%huggé@ f__%tcpent station

e el Bonket SRS Enach 5 dielefal FTp,. Tne Setehd, tira

alternative IFS tine if the i mredi atelé pr ecedi
and: ptheglient stationsrda nah@ﬁemeetﬂleadqiarnacbat pytiefi 'rﬁb@!@lt station.
However, in certain situations, <collision may occur.

The~secanchaligrd statiort waits ithe 1FS Itimen2 icaitd dransmittiog aatdata packet
to transmt a data packet, the second client station

as Mustratedan 218 However, aecdrdingatotthe préseritiimplementation/ the third
the second client station transmts the data packet,

and H§1 élldint Statidn8to ﬁb@ﬁéé&‘to Véde'wea%bedﬂlh ﬂa%kbf ﬁfaﬁmhfe fitst client
dat a packet after . However, 'the first

stafor i el il ng 'FFans P‘é’#ﬂ RETFEYHAH pfry secones
the At el o SrE fapand iiléﬁ%ﬁeﬁ Prlse wpeﬂ%iﬁa#@tgﬁw uses IFS

described in Fl gures 9A t hrough 9C provid

timeilgriikewisat if the pHv eligntstationregeives the dataemkas fiesmthe (n-1)th
it can be seen that

client station, the nth client station uses IFS time 1.

[0112] Referring now to Figure 9C, the timing diagram 210
illustrates operation of the client stations when one client station stops
transmitting or disconnects from the wireless network. The first client station
transmits a data packet after IFS time 1 as illustrated at 220. The second client
station does not transmit. Therefore, the third client station transmits a data
packet after waiting the IFS time 3 as illustrated at 222. If the nth client station
properly receives the data packet from the (n-1)th client station, the nth client

station uses IFS time 1.
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operation in certain environnments is undesirable.
[0114] Referring now to Figure 10, a second IFS tine
selection nmethod 224 begins in step 226. In step 228,
the client stations transition to the active node

prior to receivjng. eacon .t ransm s§i
PO ent - & esorited abeydnHaisan g h, B g sBauent
_ beacon signal includes data that__determn the .. .
clientetatigins witwseithealigmative S BRe 5ha MiRediaggly greceding client
determ nes the slot in the station access sequence
statibnr trarsrhitiedi anpadicatarodatal pagkelp Hspveverciin (gartain situations,
station determ nes whether it received a data packet

colliéibA %%T@c@dﬁ. Frir examipleif the filsotlientistatiorf istnal@ple teetransmit a
met hod 224 continues to step 234. |If false, the nethod

datagﬁéﬁe‘i,otﬂbi é?a‘é%ﬁdtdﬁefnf SRidR Will transinkia dath padket aftee RS time 2.

on walts an alternative [FStime that is shorter

t han t he . . ' . ¥ .
ek 68 shAGu M, o iy B8, Pt 8, ffdtlont stan
il GGk 5 525l s SR SELRETERE LT Dbl Wit ot

nethod 224 continues to step 240. Ii false the
stationt widwait anbthe peeand eliantStatiom complelps rasipmissing, and also

client station determ nes whether the transm ssion
attemadti temtransimitea ddtat paekett aerdFBodimep4l, Fesulling ipocollision.
step 238. If false, the nmethod 224 continues to step

Thetéfdre,! AltkéRih 24, impldmentatient desaribiedninr Eigutrest 9k thrgigh 9C
imer, and the nmethod 224 returns to step 232. [0116]

t
role? SEARAR. B8 3R G SMONITrd, ks o seon rt
opef T B sl b At BpeRgEanEce Lo L2 Packet

"CTEAL o iR P EadfET804 BREEIEEY bhe,patgeton
metzh\Aqrvgi' Zédgbggéjzgnattgg 35? Hggsgééfz@%ewé gl?egtostgﬁgrf)s Frggsition to the
active mode prior to receiving a beacon transmission. In step 230, the client
stations receive the beacon signal. The beacon signal includes data that
determines the default IFS times of the client stations, which determines the slot
in the station access sequence for each client station. In step 232, a client
station determines whether it received a data packet from the client station in slot
m-1. If true, the method 224 continues to step 234. If false, the method 224
continues to step 236. In step 234, the client station waits an alternative IFS time

that is shorter than the default IFS time. In step 236, the client station waits the

default IFS time.
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In other words, if all stations have conpl eted
transm ssion and/or the beacon interval is to expire
soon, the nethod 224 continues to step 246. O herw se,
the nmethod 224 returns to step 243 and the station

vvalts ile each client atte transm.t
toidsl"| n° sPoteps sty h@ cheBhitatoh ik ARRE whitnkP e 1Fs
|nact|ve node. I n step 247, the nmethod 224 starts
timei oftep 234 @R RAB IS Upn e tbasnethpﬂ @%qcrm@uséio step 240.
determines if the inactive node tiner is . I f true,
If falsee thetrheitiod2224 coptiates fastepuB4tquenstep brthe client station
intervals and returns to step 228. If false, the

deteiifinii whethdrether igndraissiorpmedum[i9 ¥led. WRefrae) theg nedhod 224
to Figures 11A through 11D, the timng diagram 250

retuHé Sétégtz%%,rﬂg HL*,? cthic TR PRI 24 t&ﬂlr@festtb%t? e32ntin step 242,

I nven ent stations are divid into two

[
the gl e(ﬂ?g;{qq% 1% ?Ssntg%:ﬁsgﬁﬁgr.l . Hecﬁé rﬁétﬂBH #Wg#g‘ng to 3tep 232.
| enent at i ef au [.a
pat118) ar cf‘? éFﬁp ?f‘gt it °§'§“'e§’@§ t@rbsrai?%@pd?ﬁgsp??lfﬁst In
plus an increnmental delta tine to determ ne st
stepa@éas the aeptbnd 224 sletergines Whethers then, sbientnstatien %%[&Pe'ved
nunber that determnes a group IFS tine | FSGL, |FS&,
datd pS€kets from BEGther dhienh stativasin Hreawireless me@diﬂv and{nravhether
group is assigned an |IFS station nunber that

the %b@émuﬁ\l%ﬁvémmllmﬁm tfettdey thermaetod 224 continues to step
..... Ag. Therefore, each client stationis

24easﬁ’ (51581 fh% W&Rﬁwmh IR P stehDE8 Ut alibakkétssaret feedived.

nunber client station properly receives a

a
I cﬁﬁwea%af 1§ 2l SRlfn SR IRPEIRP rRhefiMsigh Britr e BBacon
the smallest IFStine of a rrespondi n n .
intesvalds thexpiemsapn cihetmet d‘%ﬁcﬂocoeﬁefﬁl‘%sdﬁf? Hiag j&%op‘ém"gfw'se' the
received a data packet. In other words, if the client
methodt 22 réternsatosstepaR4ddand the statiost waitowhile aach ient attempts
station uses the smallest IFS tine of any
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. [f true, the method
224 repeats for subsequent beacon intervals and returns to step 228. If false,
the method 224 returns to step 248.

[0117] Referring now to Figures 11A through 11D, the timing
diagram 250 illustrates a third implementation of the present invention. The
client stations are divided into two or more groups, and each client station within

a group is assigned a default IFS time. In one implementation, the default IFS
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preceding IFS station 1. [0119] Referring to Figure 11
A, first and second client stations are stations 1
and 2 of a first group and have default IFS tinmes 1
and 2, respectively. The IFStine 1 is equivalent to

. | i E i [ Lt

tim _&raiﬁﬁﬂacﬁ@tck%‘?&%tﬁﬁ% el 0 o d1EHB TS tPhe BRlsy inpdRenta

deliz e dRETERINS SIEION AGCERS SAFUCRIH! EaF Goug sanedan IFS
second group and have default IFS tines 3 and 4,

group swimhentbatdetepiness group IES tinedg8GAalRSE2; B-SG3r-olpSGX.
IFS tinme | FS& plus the increnental delta tine A, and

EadhelidritStatiore it ai particular graup ist assigwed)aaup S station meumber that
| FS& plus the increnental delta tinme A2. Fifth and

detétmiinBs @nl m&trerﬁbaiw thaatrrﬁe ARIADNES L. mﬂ Fheteford, fadch client
group and have default IFS tines 5 and 6,

sl PSR R S ity
0 i AR A e

Each succ ssive p I FS ti ter tha
corfERaBBANG Gb SRR ALl Proking areub.dbp Eent station

tinme Aq For exanple, the group IFStinme |FS& is
usegrtbatsmaltesh iF $ tingyoba worresponding latisali statiar frsiny avhieh the client

increnental delta tine Ag. Simlarly, the group IFS

stationrhas prégerlysregeietiea dataapackete Irpothep wards tif the ¢lilent8tation is
plus the increnental delta tine Ag. In this manner,

assbel%te& WitANESSétatib® S the cieM SeatittNtsal BlePSmAReat IFSBRE of any
default IFS times than the client stations of

s. Therefore, collisions between client
pree{agﬁggﬁg%tgﬁ&gﬁ)fferent groups i s avoided. [0121] The

LBl RSB ERERELE ™, 3y9PhR RRBAFH sThPERgbRRs are
sta’acbr?s I1 Z?\dté gfealflrlstsgrgﬂgla\ﬁ%l r?an\}e dé)fault 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
a second group and have default IFS times 3 and 4, respectively. The IFS time 3
is equivalent to a group IFS time IFSG2 plus the incremental delta time A1, and
the IFS time 4 is equivalent to the group IFS time IFSG2 plus the incremental

delta time A2. Fifth and sixth client stations are stations 1 and 2 of a third group

and have default IFS times 5 and 6, respectively. The IFS time 5 is equivalent to
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the group IFS tinme IFSGL plus the increnmental delta
time Al as illustrated at 253. The first, third, and
fifth client stations are all associated with |IFS
station nunber 1. Therefore, if the third client

2 oft LR PP ohs TR GeREREeete 6 AT, ahbdbe jrg ime 61
equhfa%%thtg‘?h% g?&g? s timec i blisabe Shepmeniaidetiaimeds

packets fromthe first and third client stations, the

i fl0A20] i ent EAch | Biccessives goumelFS htimprds t prasater ohan the

the IFS tinme 3, whichever is snaller. In the present
preeeading| group HESf tirhe Iplos iaanincremerttabdelta tines AgheFbi-exampte, the

1 as illustrated at 256. The second client station

gro_t.lf)ﬂFSnilﬁ'té FFSE2 3s %?ééft%? tRn ehe gi6u zﬁ eSS ttmB I?S@I time plus an
i

| ustrated at 25 The I FS tine is equivalent to

. I I

oo g0t e 7, SFABP R gl S YERE 8o dlater han

the 3P P RIS BB R BRI BRime A B Cigner. the

nt station a | lustrated at 260. T [ ,

clieh SEHPNS imsv BT et RS Reveiiongep dertIr S Fhes faan the clent
second and fourth client stations, and therefore )

statienss of preeeding groups.2 Dherefare| egllisiongebatwaen clignt stations of
present exanple, the sixth client station reuses the

diffefest groupsisavoiddd. ustrated at 262. [0122] Referring
now to Figure 1113, the tim ng di agram 250

i lppaRqpt es t1ee ARRIGHEHhOBtabibn tthehsphitscAtddth Pdckas after the IFS
the event that a client station does not properly

timé ché “ﬁsﬁaf@f &t P5skls éé%@d%ﬁﬁ]ﬁsﬂ@ﬁié‘ g[ncée‘l §8%quivalent to

precedi ng grou st C

i A8 S B e P BB SR L ot 2

receives the data packet from the first client
The fiegt; thirdaARd {fi 'Iﬂﬁrféi'ﬁm statiops @ge @H@é@pmafqdewﬂh HESI stetien pmber

1 as illustrated at 266. The fifth client station
1. rharefose, ifribedthird ¢lienk static teneives the data packet from the first

client station, the third client station reuses the IFS time 1 of the first client station
as illustrated at 254. If the fifth client station receives the data packets from the
first and third client stations, the fifth client station reuses either the IFS time 1 or
the IFS time 3, whichever is smaller. In the present example, the fifth client
station reuses the IFS time 1 as illustrated at 256. The second client station
transmits a data packet after the IFS time 2 as illustrated at 258. The IFS time 2
is equivalent to the group IFS time IFSG1 plus the incremental delta time A2 as

illustrated at 259. The fourth client station receives the data packet from the
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and third client stations and transmts a data packet
after the IFStine 1 as illustrated at 268. The
second client station transnmts a data packet after
the IFS tinme 2 as iIIustrated at 270. The fourth

s A0l AR AE T80T o ey B o o

ent_station_  is not able to reuse the |IFS
'"usttraﬁeé tééq hté”LeeéB‘Fm clientoplatiop fecgiyes éh@ FtanRggkets from the
data packet after the IFStine 4 as illustrated at
secepd anthiourthscliengstations, aed dherefaratreuses the hStime 2or the IFS
time |FS& plus the increnental delta tinme 02 as
time 14.. ubt thet presant exampleh ¢he isithn cliéntestation eeuses thed€Sviime 2 as
the data packets fromthe second client station and
iIIuéti‘Qe(ﬂ aupsh. client station. The sixth client station is
le to reuse elther the IFStinme 2 or the IFS tine

Apafiever RsrohiR s BIOEBLAY OB e Sy jagfim 250

sta lon reuses t time 2 I ustrated

o o A B o B T gpion coes

stati ons in the event that nultiple client stations
notyBroRstly piessie ¢ Aataeipaeket H2Mm 3 LEREEPPRGRY sClient Stat'on in a
corresponding client station in a preceding grou
precedingrgrount %harfpsfedlen’ﬁestam transmitsta daémaba@aat pfter the IFS
client stations do not properly receive the data
timedcaeillustratedt dt264ni Thie thirdeclient stationrecéives the data packet from
third client stations use the IFStinme 1 as descri bed

theafn@y &licho\Wendn andh&rahbiits &1 dtat ?éélétti@merdwé IFSt time 1 as
properly receive the data packet fromthe third

|Ilu§ifdt§5‘gat %Bt | PR fitf IiERESELBH ‘?Eé@b%§ tHe gafd;/\ﬁ?cl%ts -Sﬁ]?)‘?n the first

econ ent station walts |

oo oA O T LAl A S e 1 o

ansmts after IFStine 2 as illustrated at
I"usrttﬂs?@ it 2R8. shhe seeandsslient statiopfeansaitsea data pamt.aff@rihe IFS

of the second client station. After the transm ssion
timestasiiusirated at 270 oWwhe dourtle clieninstatios idoesf mnatnproperly receive

the data packet from the second client station. Therefore, the fourth client station
is not able to reuse the IFS time 2 of the second client station, and transmits a
data packet after the IFS time 4 as illustrated at 272. The IFS time 4 is
equivalent to the group IFS time IFSG2 plus the incremental delta time A2 as
ilustrated at 273. The sixth client station receives the data packets from the
second client station and the fourth client station. The sixth client station is able
to reuse either the IFS time 2 or the IFS time 4, whichever is smaller. Therefore,

the sixth client station reuses the IFS time 2 as illustrated at 274.
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sixth client station, the fifth client station
transmts a data packet after IFStine 5 as
illustrated at 278. The IFStime 5 is equivalent to
the group IFS time IFSG3 plus the incremantal delta

F gB12sh 1D, AefBhi T o s Gy PR CHE) ms?ci"%gra‘n 250
eratjon of the client stations in the even ] .
lugfigs the canesafion A deosiens SIatans, i e aveqt dhat fRitiele client

network. In the present exanple, the second client

stations d@not praperlycegeive @ daterpackehfjomaa soprespending Thent station
first, third, and fifth client stations transmt data

in Ppraceidingatytaup.t e thé-Présent dxanspldether fdueth, ififthp aedi sixth client
exanpl es. The fourth client station does not receive a

statitHsPd® abk Blopery et 8ive the daksl pﬁbkeﬁrﬁorﬁttﬁé kIR il station. The
therefore tranSnmits a data packet after the IFStine 4

firs@and !tﬁlﬁbﬁﬁﬁte%a%ng%g thBSFS! ﬂﬂ\E ‘F&g%u ﬁ&c ve, However,

receives t ata pac et fromt ent

tnegtifth pfiht, ftEflon oS, Sot' Siob®Hy FebeFe s i%‘gez%afk%f 6%’3’&“6 third
cliefigsiaan. Jab T1agore VAsSF S8 5. hf*ﬁéjég%ézgpent@kﬂon waits IFS

client stations cone awake rlor to rece|V|ng
timeeh ouhich riarghortesitban IFS ty"nepS 2grmeremectheeaecmdach@ntsstatlon

receive the beacon signal. The beacon signal includes

pregaipts tHi@iﬁftﬂettlwnﬂst@tﬁ)rg and trasinitss bfter (FS itithean 2 &s difdstaited at
nunbers for each client station as described with

276.6TRé Polirth ah@ sixtiy bliést stafdridveRdeind €5 tipfe PR Ithé‘§econd client
corresponding default IFS tinmes according to

sta%r‘{".gﬂﬂéf | Vet{r%rﬂfsﬁ%nﬁh@dfuﬂ?r fd"l‘lb\gﬁjr?q g%n af¥mission from the

rna rou atl I catlon

oo BB eef S bR %ﬁﬁataaqaac'ﬁ&i@ba IFS time 5
fromone or_nore client stations wwth a corresr_pondln

as YUBHRIGH BRTf1 e S MG s 5o PaviNalenD e Hig) SRR, i gme TFSG3

plus the incremental delta time A1 as illustrated at 279.

[0124] Referring now to Figure 11D, the timing diagram 250
ilustrates the operation of the client stations in the event that one or more client
stations stop transmitting on the network. In the present example, the second
client station is no longer transmitting data packets. The first, third, and fifth
client stations transmit data packets after the IFS time 1 as described in previous
examples. The fourth client station does not receive a data packet from the
second client station, and therefore transmits a data packet after the IFS time 4

as illustrated at 280. The sixth client station receives the data packet from the
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and received a data packet fromthe client station
wWith the corresponding station identification nunber
in the i Mmediately preceding group. If true, the

nmet hod 290 continues to step 300. If false, the

foud iy SRl o AR o Pt hedP S8 4otdng ollin gt tation

client station having the sane statl on identification

as iflustRled @t ¢8ewhi ch the client station successfully
recei ved a data packet. In step 302, the client
st 40128] wai t Refeeringnowte Fl91$et1|2n§ third 158 timesefeefion method
304, the client station determ nes whether the IFS

290 beginsfinsstep 248 dn step 23BN 2hecliept stdtionsueomehawvake prior to
met hod 290 continues to step 306. |If false, the

recERINCH BEALTHO frahsrisside Slheﬁeﬁoﬁ% | thes€lfRdht Sl8tiod Peceive the
client st atl on determ nes whether the transm ssion

bedGo é’@baﬁ I'?tfble?éoﬁrﬂgnalt iﬁﬁ ugi%% é’tazﬁ‘%t etk M"eQS%rto%p and

step I hues

AR aEART e 15 Bt of B mg%erence
o Bl TR bl S g 28558850k gl s tmes

whet her the client s_t atl on has received data packets .
acaording 401 thetgreupdFSetimesplusitba dneriemenialwelta dise. Alternatively,
networ k, and/or whether the beacon interval wll
theegrpup earsb stationf idientificatidnenomblers) af9 Pre-assigneds rostepepo8, a
318. If false, the nethod 290 returns to step 312

cheHWs!a'tnoﬁ'deté}%ﬁKéé hthifer iEfteWRd. dath PackeR frolA 'dhe oﬁ r‘hore client
stations have conpleted transm ssion and/or th

sta?@rﬁf%neés E{)Fr[e¥ nd@q%?at@fﬁfdbﬁtnﬁéﬁi&p@ﬁﬁb@fHgdqéggdmg group

erw se

eturns, to ion atte
and fRqeivEL A ets gcgﬁ%gowﬁn Hnf 312800 w5 SarBE s station
station enters the inactive node. In step 320, the
idetifigation nmberinthe inmediatelyRreseing Grakn.-. Ifitries themethod 290
the nmethod 290 determ nes whether the inactive nopde
cortinwes to step 300t If falee, theemethatbcortpmies to step 302. In step 300,

the client station reuses the shortest IFS time of a preceding client station having
the same station identification number from which the client station successfully
received a data packet. In step 302, the client station waits the default IFS time.
[0126] In step 304, the client station determines whether the IFS
time of step 300 or step 302 is up. If true, the method 290 continues to step 306.
If false, the method 290 continues to step 308. In step 308, the client station

determines whether the transmission medium is free. |f true, the method 290
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repeats for subsequent beacon intervals and returns to
step 294. If false, the nethod 290 repeats step 322.
[0128] Those skilled in the art can appreciate that
any suitable inplenmentations of the nethods descri bed

Nkl e n C ined. In
retyr s A 304 o} Yofil? The ety 280 coRTRLES o sl 3R tmussem 310,
a. subsequent clie station nmay automatically reuse
thedHgnt Baton AEsess th 'S BEiarcambits G 290 FENS brstepans.
the i medi ately preceding group. In another
i ml0828€ht at i IR, steps3s cihpgetlient Istatian yansmils awlata quacket. In
the shortest IFS tine of any preceding client station
stepr3fd, dbd metiiod BO0sddterminest whéihentthe talienbstatisre hae yeceived
data packets fromall preceding stations. However, if

dathpackefesiesimedlt othbAtlight statichesih tRe wifetesl Network | arftibPwhether
packets, the subsequent station is still able to reuse

thetngadoﬁﬁnié'rVEI W[IIO g&@?@gﬁfigg@ fHe Fthed be‘)#bar}tgwgég% step

erring now varil ous exenp

' nt,ati o f. e.present i nti.on are shown. .
316 RfBIREn U B T8 R VernS 18 Srep M2 il M HARBRO A rppeived.
be inmplemented in a high definition television (HDTV)
In 9!%6? Wardpattalt stations have,cmplated dtansmissiopegnd/or the beacon
i npl emrent and/or be inplenented in a WLAN interface
intesyaltis éo ERpive 420N, theemiatiod 290 cootiruesto $BP\B 18 pOtherwise, the
signals in either a wired or wireless format and

methotde290 eeturhl Yo atép 311 2sarghabsh dient statioapattempiatto transmit in
sone i npl enentations, signal processing circuit and/ or

thisC Rizinhet. thstéi%t31482,?¢hér&*iéﬁf SRIIBAr ertbfs tHd dchiPé MBAYN)In step
of the HDTV 420 may process data, perform coding

s20,16 5153812944 SRLEN SUEAKRL F1ab 3o o 20
det%%i_ngg %ﬁgfﬁieﬁ'etg\'e in-la-rc]:ﬁveH[r)\:lrc\)/dé' Qnérnlcsl HS?S “a tng, ﬁe Sng&lo)é 290
repeats for subsequent beacon intervals and returns to step 294. If false, the
method 290 repeats step 322.

[0128] Those skilled in the art can appreciate that any suitable
implementations of the methods described in Figures 7 through 12 can be
combined. In one implementation, referring to Figures 11A through 11D, a
subsequent client station may automatically reuse the IFS time of the
corresponding client station from the immediately preceding group. In another
implementation, a subsequent cI.ient station may reuse the shortest IFS time of

any preceding client station provided that the subsequent client station receives

data packets from all preceding stations. However, if the subsequent station
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[0130] The HDTV 420 may communicate wth nmass data

storage 427 that stores data in a nonvol atile nmanner
such as optical and/or nagnetic storage devices. The
HDTV 420 may be connected to nenory 428 such as RAM

dodsitins tFBBaR A ki PAYEHS: st ailEBRlbrd SflioRCie o i dhig g reuse
TPg HDTV 420 al so H,ayr@,up?ort, connections wth a WLAN
theJFa time\pf agorrespePdingfliept slelion2o. [0131] Referring

now to FIG 13B, the present invention may inplenent
and0de9be i miRefemingdnpw AoWEIRS.i 13é-130e waricwmt esemplary
systemof a vehicle 430. In some inplenentations, the

impierasatations\of the present lirventivs axre showar t Refenring nbwato FIG. 13A,
system 432 that receives inputs fromone or nore

the%ﬁ%@rﬁtsinéénﬁdh? baﬁf’ocat PReMRNtEE irt 8 HigH dlefiRftiBASelevision (HDTV)
sensors, rotational sensors, airflow sensors and/or

42%?Ynng%gﬁ:ﬁla°r“{ﬂ@me%eﬁ? ﬂ'ﬁféhﬁoﬁ”?ﬁée? fmﬁl%fﬂer@ NI 56 iiPfemented

out put "control “si'gnal’s’ such as engi ne
.0 i n ar anet.er a 1 $§1 0 ating. .
in SRFLAN BierfedF 356 Tty Pl B Aed idivpa oy input
. 430 .i ngludes a . power suppl 33.,[0132] T resent, . =
SigTals dR TR ayiiad B8 WeelEHp faralanis RTSRtes LS GugRut signals
systenms 440 of the vehicle 430. The control system 440
for gadisplaedebe In some dmplegrentstionsnsignaluprasessingscineuit and/or

and/ or output control signals to one or nore output

cordrl i circit4422 amd/epratheneireaikst(adi sheswn) hef thentHDTV 420 may
system 440 may be part of an anti-|ock braking system

procéSES)dat® paMbAAt éIng YA eRckyPiBARpeFBrmSY¥albaRtioAs, format
vehicle telematics system a |ane departure system an

G TRYOL Pefiohh Ty ARy s MY AlE N il may b pouied
Th%kﬁfgﬁgﬁgwﬁgé&(g'po%eirlslupgf)ﬁﬁ&i npl enent ati ons are

[0130] The HDTV 420 may communicate with mass data storage
427 that stores data in a nonvolatile manner such as optical and/or magnetic
storage devices. The HDTV 420 may be connected to memory 428 such as
RAM, ROM, low latency nonvolatile memory such as flash memory and/or other
suitable electronic data storage. The HDTV 420 also may support connections
with a WLAN via a WLAN network interface 429.

[0131] Referring now to FIG. 13B, the present invention may
implement and/or be implemented in a WLAN interface of control system of a

vehicle 430. In some implementations, the present invention implements a

powertrain control system 432 that receives inputs from one or more sensors
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[0133] The powertrain control system 432 may

communi cate wwth mnass data storage 446 that stores
data in a nonvolatile manner. The nass data storage
446 may include optical and/or magnetic storage

evi c powertrain control system 432 be .
sucHo Ao 4TS R0.To6 SERGOT 4 PreRRHeRSORHS, TRIAIONED San30ECiriow
nonvol atil e menory such as flash nenory and/ or ot her
sensgrg apréorcae othati suitble, senserggand/ppdhalogenernaies one or more
control system 432 also may support connections with
outputfaoakol i sigaalgl sicimeaswenrginat opérating4 pararmeters c dransodission
system 440 may al so i ncl ude mass data storage, nenory
operatii@ pacaréiss, amd/er bttver danittol Bignatdloime. vehicle43BIncludes a
Referring now to FIG 13C, the present invention can
powér supgph) g88nted in a cellular phone 450 that may
include a cellular antenna 451. The present invention

ement e Sren
[ nt[eL'?Ei:e of -It-rﬁé; 'ﬁl Qb’gﬁ{wone é’g%lé‘%ﬁe X%nél%%ented in other
| enent at,i t he G hone ncl
oo syBiedi 4BeST e \g&m?' Sraante] sl 440 Eneikewise
and/ or audi o out jack, a d| splay 460 and/or an
feCﬁWBLﬁ'Q@I@ﬁfE@M'BQUE §§ﬁ3%r§ %ﬂ%éyaém outpdt gentig signalseto one or
voi ce actuation and/or other input device. Signal
morg outpsit dayiceaddhorinsome shplemantatianss e conltralrsystdmo 40 may
circuits (not shown) in the cellular phone 450 may

be pafastsan datidockbrdkingrsgstdnn (ABB}))/ D havigatiymisystem, a telematics
perform cal cul ations, format data and/or perform

sysihies g@ﬁlchélte?émaheys sfteﬁwa' IQH? %ﬁufféyéféﬁ{ aﬁ%’ag)tlve cruise

i nclu a power supply 453 e cel hone

o PQ%‘H&?%WC%%#@%‘“S@S” hawol o 3Eera VT compact

dlsgggé gé? |I€€.g ggh ng&sré&r Ip§§ %re -cl:-gr?te(r:r?pl)llatueldar phone
[0133] The powertrain control system 432 may communicate with

mass data storage 446 that stores data in a nonvolatile manner. The mass data
storage 446 may include optical and/or magnetic storage devices. The
powertrain control system 432 may be connected to memory 447 such as RAM,
ROM, low latency nonvolatile memory such as flash memory and/or other
suitable electronic data storage. The powertrain control system 432 also may
support connections with a WLAN via a WLAN network interface 448. The
control system 440 may also include mass data storage, memory and/or a WLAN

interface (all not shown).
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466 such as RAM ROM |ow | atency nonvol atile nmenory

such as flash nenory and/or other suitable electronic
data storage. The cellul ar phone 450 al so nmay support
connections with a WLAN via a WLAN network interface

md0etEn careEr g Aiin AF - f3G, TR o :ﬁ’ﬁ@@c’” can be

The present i nventl on g npl ement and/ or

'mmwe@mﬂ%a ¢eflutanphone # %?Oethﬁbaé%fne!u@ §e@e'tudﬂf aptenna 451,
480. The set top box 480 receives signals froma

The opnesents invendiona nigyo atiplementoandérabe implpotented in a WLAN
standard and/or high definition audi o/ video signals

interfriceadifl thefaallutar hhope 504 8 sumé implemeritations, thertellular phone
and/ or nonitor and/or other video and/or audi o out put

4501 M61ERSs a HRicRipHitle M5ECHS ALED S P%S‘%Mchoés &l $gedkeP and/or
484 and/ or ot her CIrCUItS (not s of the set top

audi®outs BRK, Qrd?ﬂﬂ)égﬁ PE?F‘?L‘E“FQQV'EQ t@gd%&fh ag a keypad,

encryptlon per or na a an

obffd il ey Mg BRBE A i Sinalceso

box 480 may comruni cate with nass data storaﬂ
and{gocwhta?l Qe 45%aan0/PR ofher sifeHita {nateshawmdn thersslivias shone
data storage 490 may include optical and/or nmagnetic
45@ mayagwoessidaia, pedormsodingland/ok endryptieon, HEBHOrmncHlculations,
DVI Ds. The set top box 480 may be connected to nenory

foreh@t dates ndorRAdvforRObthdrosellutdregrtmnenfunctibasi | Ehereetiulgr phone
such as flash nenory and/or other suitable electronic

mcﬁ'ﬁanS;S(SWé\lg@ T gsget top box 480 also may support
connectl ons vvlt a WLAN via a WLAN netvvork i nterface

(sslg |r1 Ibgth? n hée%eg@% h%ﬁgn&?%Mt andar déagogﬂlflmass data
St°§3?9f? 3% 1550 B H8G0I S hoRtiiaUR imaonarFBLes GIPtEg! andior
magﬁgt?é 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
receives signals from a source such as a broadband source and outputs

standard and/or high definition audio/video signals suitable for a display 488 such

as a television and/or monitor and/or other video and/or audio output devices.
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current and future wireless protocols. [0139] Those
skilled in the art can now appreciate fromthe
foregoi ng description that the broad teachings of the
present invention can be inplenented in a variety of

. . refo Ll,e.thi.s d.npvention has. been
S@h%@@%csggﬁs Pl edolpiEis 48 itkof insE BuRfL ot shown) of
reoL Eg true sco e of th i nvention shoul d not

theiss PRAPRANAY REQS MeEAdIBA aNG/ariensagsien, perform

apparent to the skllled practltloner upon a study of

caleulationsatpraat datacandier perferm iag ather setdopthsix fowiction. The set
claims. 49 CLAIMS 1 A wireless network device in a

topvioxed 8 imchuetesa gowbasupplgd88es a plurality of wrel ess
netmork devi ces, conprising: an RF transceiver that

tr 30987] s andrﬁ@cs%tvm dak 4838y Scomuhitate with mass data
periodically transnmts or receives a beacon; a control

sto 460 'that st‘E)‘f’é'é“t!%'t:?g‘fa %Sn Jd“atﬂ@ &ndr aTﬁ&%éEé da?é‘%iorage

ermnes a group I ntl I er an a station 1dent

{ 0
490308 P REF A hedbdt  S8r88! e PEgs Fush g Ik
ac ecei Vv 2._The rel ess petwork device

arBoR Py SR SVDs T set 190 HBHAG Mey) be CONBRGIegrtor memory
default IFS tinme and the second | FS tinme based on the

494 5uch apfRAM;, RQ@Meiom dataney apnvelatie mamasy supk agrftagh memory
identifier and/or the station identifier. 3. The

andior etrerssuitabie retectronic datéd sthragen 1Thaesedi topt bex 480oaldo may
IFS time is less than or equal to the default IFS

sugpoieconnections with a WLAN via a WLAN network interface 496.

[0138] While the present invention has been described in the
context of |IEEE standards 802.11, 802.11a, 802.11b, 802.11g, 802.11h,
802.11n, 802.16, and 802.20, the present invention has application to other
current and future wireless protocols.

[0139] Those skilled in the art can now appreciate from the
foregoing description that the broad teachings of the present invention can be
implemented in a variety of forms. Therefore, while this invention has been
described in connection with particular examples thereof, the true scope of the
invention should not be so limited since other modifications will become apparent

to the skilled practitioner upon a study of the drawings, the specification and the

following claims.
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4. The wireless network device of Claim1l wherein the
control nodule determnes a group identifier x and a
station identifier y based on the beacon. 50 5. The
wirel ess network device of Claim4 wherein the control
nodul e selects the secon8 Iﬁg ti me when the data
packet is received froma %’3‘ ﬁd W rel ess network

device having a group identifier x-1 and a station
i deht | fl'g Wyg'eés 'WR@P ofk [davices Im a; Wiselesgenetwerkithal inalwdes a

4 wherein the control nodule selects the second |IFS
plurality ofwyisaless edwork deniees, comprisiwg:ved from a second

wi rel ess network device having a group identifier |ess

than x aaml RF sansceiver thatmangmits apd réceiVéeduia sack®ts and that

network device of Claim4 wherein the control nodul e

pericliedllytrarsmideobrtdceivdsa bédgorhen the data packet is

received froma second wreless network device having

a group é%ﬂil‘of nfddufe 35k @orﬁﬁﬁb %geé Q\ﬁm e'Cﬁ'F. f?éq&!elver that

than y. The w rel ess neét vice o

ol e B s SRCREB0 408 w0 g, am

entifier andt ngfauItIFS ime is a sumo
tha@ﬁs t§ B8S10, 2 Usianl 1S delq anfresserond 155 trvie based) aive data
network device of Claim| wherein the device transmts
packeyseceivRtbket after one of the default IFS time or the
second IFS tinme. 51 10. The wirel ess network device of
Caim9 further conprising a power managenent nodul e
that transitions the wirel ess network device between

an 2act i Viee Wdtestetvork Ba¢ict\oF CTAIAT 1 Whereir frNsbrtQModule
the wireless network device to the active node prior

selb&tsrier Bt 8efRRAFY timbEnd b 58@nd IFE'Sihtd BASed B3R the data

packet received and at least one of the group identifier and/or the station

identifier.

3. The wireless network device of Claim 1 wherein the second IFS

time is less than or equal to the default IFS time.

4, The wireless network device of Claim 1 wherein the control module

determines a group identifier x and a station identifier y based on the beacon.
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wirel ess network device to the inactive node after the
RF transceiver transmts the data packet. 11. A

nmet hod for transmtting and receiving data with a
first wireless network device in a wireless network

t ha pl ural i .0of wirel ess network
dev ce-gﬁe %fﬁﬁ??% nﬁé”'o'ikré%‘g t‘%fm (ﬁ@"’%n “F@&%'Pvﬁhﬁgc‘lf&f%l module
cket s ically transmtting or receivin
SG'E c&‘? S%%f'lé{ H?g time avhanothe data packel isaiegeivest g’@l"‘bﬁ second
identifier based on the beacon; and selecting one of a
WIre@fsalme(cmeewmhaWUga gr@upndemttfierb(l-h”andmmlon idendifieny.
packet received. 12. The nethod of C aim 11 wherein

the step of selecting includes selecting one of the
default IFS tine and the second IFS tine based on the

datg parkeiwifedesy Héﬂm’i‘k‘@e@fee'cﬂ‘ blﬂ?ﬂewﬁéretuggwé?gBHtﬁl’%l module

identifier and/or the station entl I er
el BBy X S
solfREnhe, SIS W WAL %9?@?‘9’?& 5 bRt §afeoond

. Of 1 further conmprising. rmnln ,

wirblegis, fetloté detice Tyl B o e dser Igo5 duda % rthe station

ﬁfncon 15. The nmethod of C aim 14 wherein the step of
ideBfirf.i ng i ncl udes sel ecting the second IFS tine when

the data packet is received froma second wreless

net wor k device having a group identifier x-1 and a

station identifier y. 16. The nethod of Caim 14

wheT ei n The witetgssofetaarie deviag of Tlaimtl@Swherein the control module
selects the default IFS time when the data packet is received from a second
wireless network device having a group identifier x and a station identifier other

thany.
8. The wireless network device of Claim 1 wherein 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.

9. The wireless network device of Claim 1 wherein the device

transmits a data packet after one of the default IFS time or the second IFS time.

51



sel ecting the second IFS tine when the data packet is
received froma second wreless network device having
a group identifier less than x and a station
identifier y. 17. The nmethod of Caim 14 wherein the

G g ei?ﬁ%ﬁ@iea%%a PR Eevic el CCB® et Foltivising  power

V\/irele i ce, having a oupidentifier X
maliaGSmedt Aioas; thahianedions, e, wireless hetwosk devicarbetween an
of Ciaimll wherein a group IFS tine is based on the
actiyiegnigde @k an inactive nirde, dhatrgansitians thebwiseldse netwark device to
station identifier, and the default IFStine is a sum
theofactivee mode ppridrSta iamscheduletiebeatdra tihfeé dridmehats Frahsitions the
The method of Claim 11 further conprises transmtting

wiréledstrietworkdévios terthenkadtivet r'h@dé ittt the IR tidr¥BeRer taRsmits
second IFS tinme. 20. The nethod of Caim 19 further

theC®dtRPJaekeg transitioning the first wreless network
devi ce between an active node and an inactive node,
wherein the step of transitioning includes
transitioning the first wirel ess network device to
ed beacon tinme an

t he, acti de, prior to. a sch
trehEr T ARl B Pansraitthg ABE eraNine: Aata wih RSt wireless
i nactive node after transmtting the data packet. 54
network device in a wireless network that includes a plurality of wireless network
devices, comprising:
transmitting and receiving data packets;
periodically transmitting or receiving a beacon;
determining a group identifier and a station identifier based on the
beacon; and

selecting one of a default IFS time and a second IFS time based on

a data packet received.

12. The method of Claim 11 wherein 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.

52



13. The method of Claim 11 wherein the second IFS time is less than

or equal to the default IFS time.

14.  The method of Claim 11 further comprising determining a group

identifier x and a station identifier y based on the beacon.

15. The method of Claim 14 wherein 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.

16.  The method of Claim 14 wherein the step of selecting includes
selecting the second IFS time when the data packet is received from a second
wireless network device having a group identifier less than x and a station

identifier y.

17.  The method of Claim 14 wherein 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

thany.

18.  The method of Claim 11 wherein 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.
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19. The zmethod of Claifn 11 further comprises transmitting a data

packet after one of the default IFS time or the second IFS time.

20. The method of Claim 19 further comprising transitioning the ﬁrs;t
wireless network device between an active mode and an inactive mode, wherein
the step of transitioning includes transitioning the first wireless network device to
the active mode prior to a scheduled beacon time and transitioning the wireless

network device to the inactive mode after transmitting the data packet.
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