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of United States Patent Application No. (Attorne
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r el[e0®H t oTMisr @bplicationt W' & Scortintiation eof Nanitéd Ubtatéy Patent
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According to these standards, wreless network devices
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an ad-hoc node. [0004] In the infrastructure node, the
applicatidrasarerintowpokatdd \Hetein yrreférenoe. st ati ons

communi cate with each other through an access point.

In the ad-hoc node, the wrel ess network devices

communi cate directly with each other and do 1

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] |EEE 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
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not enpl oy an access point. The termclient station or
nobil e station nmay not necessarily nean that a

wi rel ess network device is actually nobile. For

exanpl e, a desktop conputer that is not nobile may

incqrporate a wire|e net work deyice and erare as

not STRIGY 0 SSeRRshOIDH - dnediermaient SHRtenoa0BIobAB . aeR S3ay not
network that operates in the infrastructure node

necesearily meanthat awecless netwoskodeyieg isactugly mepile. dreregiample,
station that communicates wth the AP. For exanpl e,

a desktop\comipatar that iscrdt melyileomayaneorparade a wirelass netwonkedevice
node. Since the client stations are often battery

andispERartas Atmolsild SBAGH dRTIiért staioh.m ze power
consunption to preserve battery |ife. Therefore, sone

cli st at| [ t I
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. client station.tr m t nd/ [ Ves,. ring.

et A, - Bn SR BriaCiRefond B SiauaT vt sffinlficates

..conmponents and/qr alters operation to conserve power.

with JheAlPy Farexamplenthesyiseless networkimay pperaietn andipfrastucture
receive data during the |ower Bower mode. [ 0006]

modg.r ¢bince thet olignt stations arerwftenebatignycpewersad, 4t isy important to
systemon chip (SOC) circuit that includes a baseband

minfmizeesoeer CoREYMptiomtddi presexveebatteryolifer oTherefoidiGome client
device, a host interface, and one or nobre processors.
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via the host interface. The SOC circuit may include a
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A power nanagenent device controls and sel ects .
congefvechawer- dpieallys theycligm séation ismot ablefa trangmitaigeceive data
During operation, the power nmanagenent
during the lower power mode.

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

[0007] A power management device controls and selects different

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




2 device instructs sone of the nodules to transition
to a | ow power node to conserve power. Additional
informati on may be found in U S. Patent Application
Serial Nos. 10/650,887, filed on August 28, 2003,
10/ 665,252, file n_S e er 19.. 2003, and

devipe) BREURR: SPMEeT e VmPEHIeS. (o gBStight toh 2allh R mode
i ncorporated by reference in their entiret

congevernawsy- rvditionadiigieraation snay peifound & b’é Rete\néﬁppieatlon
is illustrated in an infrastructure node as defined

Seriay N&EE 180650,88Andiled hen Auguste 28wi 2003 s s 191668)2521s filed on
The first wireless network 10 includes one or nore

Sepiémﬁéf 1982603 oand 12/670j481 €iled onMArcAcZ, 200 whitls aféPereby
14. The client station 12 and the AP 14 transmt and

ol BN o6 RS BB iRy, ThE A0 14 15 3 node 11
b Y8l e ) A NG 1

ch as a _server 20 and nm be conn
ilusgfdad iman dafrastitatie ade Mé'%g&ff? 1 angeotner future
Internetaggooog] The client st ation 12 does not
wiraless standasds; (ThenBrat twitkless netwerk 1@ drglydesigng o mare client
the AP 14. Therefore, the client station 12 inplenents
stationsolZand saei orgroreaecessgoints ¢APN) dntThet eliend statidnatiiand the
the AP 14 do not have data to exchange. Data commonly

AP rﬂTﬁ‘a%nﬁt”bﬁGtrebéwé Wﬁéfé@.éks@@eils%@f epied AP12es a node in a
anount of tinme before it is dropped. The |ncorporat ed

o BEEA: a@ﬁ@nﬁw 4 B R LY o
rer e RO Bl GRH o R HALAE A SN

period). After not|fy| ng the AP 14 the client statio

othen nodgassuGhas a Gervas Egmarpﬂ)v@ayn%ecormct% toha wéwbuted
power period, the AP 14 buffers data that

communications system 22 such as the Internet.

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

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



3is intended to be transnmitted to the client station
12. Followi ng the | ow power period, the client

station 12 powers up and receives beacon transm ssions
from the AP 14. If the beacon transm' ssions indicate

that the AP 14 has dat r th [ atio

s nteiadedis b bABSBRIECL hfeClatEHRtE 48 oFRDVINE g JpuSpower
it has data to transmt, the client station 12

periodptienclienttstation (2 pawersaip and receives beaeen ansmissions from
enters the | ow power node again. [0010] The AP 14

the AR ¢4DtFtHeObédcuIsrahsmissisdindichtatiat tige A dddvas data for the
transmssion tine (TBTT). Before the AP 14 sends out a

clieﬁ’leﬁfé%gt’f?r@mh%swﬂ’ rch§sd¥Pof1ﬂwed§ﬁé{tr§t8ﬁ>§n wWoeindfdates it has

evices are currently transmtting data so that

datgwﬁ%gﬂw fﬁ%scli%f of 1:28relr’ﬁﬁn§ '38 |\ﬂ=?t o] J‘?h&'ch@ﬁ‘ttstatlon

2 tran3| |ons e ac Ve nD prior
beacon transmn ssio ueue franes to transmt to the
12 opie l!?"ieﬂo‘é’( W?féﬁog? -ately following a beacon

transm ssion, the AP 14 can exchange franes with one
or [AB1Q] c| ThatAR 14 aempts to drapsmit ar heagan At afarget beacon
For exanple, the AP 14 and the clients stations 12
transayissian hm@(eTBm‘aa BeforedihegAP 014 Sémds Dut/adieacon transmission,
Ml tipl exed (TDM protocol. The use of TDM protocol
the AP 1% d6termitds Whkethts dthet devived ard rcunemitly trensmittingr data so
of the client stations 12 attenpt to transmt data to

thafn &fnﬁﬁ‘rﬁﬁ\}iéﬁ ﬁ%‘ hbRBAULE the J%P#@{Thréé’&ﬁ@ﬁ staticH 132 $ransitions to

at are locate first wreless
net.wor k Vi r
L e R LT R
ccur en the w rel net wor ks and
AP i Bt BHET o FOMEHalghiIORWINoR DERCOR ARSI O, e AP 14 can
i npl enentation, each client station 12 may wait for a
exchangefirapees with inecer more; elient stationsdl.2 inta déieaminiaiic order. For
peri od, or backoff period, reduces the Iikelihood
exdnhsle, the APpl4anditeetclishtststaticnsM 2 maat exchangeodatasaccording to
Time Division Multiplexed (TDM) protocol. The use of TDM protocol minimizes
collisions that may occur when one or more of the client stations 12 attempt to
transmit data to the AP 14 simultaneously. However, other wireless networks
that are located near the first wireless network 10 may not operate according to
the above-described TDM protocol. As such, collisions may occur between the
other wireless networks and the first wireless network 10.
[0011] In another implementation, each client station 12 may wait for a

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

reduces the likelihood that multiple client stations will attempt to transmit



4 sinmultaneously. As such, a wireless network that
i npl ements the random backoff period has inproved
col lision avoi dance over a wreless network that

i mpl enents a pure TID VI schene when multiple

netvvork ISt in an er

simyl R Rrc,h wirgRss svBiic et Fefiants Biéindom backot
av0|dance In certain applications, collision

periad diagdmpsoved eellisippavoidancegvas wirelgss eeefg@rkrteatrmmgments
that exchange nulticast data typically do not include

a pareTDMi scheand nwhére dyeltiplet nefvearksirexist! im anhevenappirg region.
transmtting station does not receive acknow edgenent

Howévr) fandofe bYEKEH bLBHO6$ nbhguardhtegledlision avoiiaree! | In certain
recel ved. Further as a result of the random backof f

appﬂ@éﬁcﬁg‘z ’CO"IE déﬁééjisr idaPr Fk! exaﬁ{p‘l‘é | Wir€les8 redRorks that

S ne fo conplete a set of frame exchanges

exchingh AruiRds 9@‘52&%'5 0 s PR, el fefpeagemen

node. The second w rel ess netwyrk 24 .incl ud mul t
fealgre.ent K¢ aPthefs Weds, 25- frangmyfting. ??ﬂ srrf’?{ aﬁ%celve
receive wireless signals 28. The client st ations
ackpowledgeerent from 2 eeceiving|statian thay the data wasncerrectly received.
communi cate directly with each other. The client

Furtierf iagna régult, of2the? rardu Afackoffaperiods, thectiswearéduired for all
connected to anot her network. The client stations

sta%shn Ahe2wirefitdd ABtworiotd Fonyslefel BUGES|of fraAies Bxthanges is

data to and receive data fromeach other. The client

lnc‘%%gé%ons 26 i npl ement a power savi ngs node when one of
lient stations 26-1 does not have data to

n the other clLient statio 6-2 . and
26 16074501 ReTerrBt . Fpinto gk, & 36 590nsE WifelgR] ‘network 24
are not required to _buffer data as perforned. in the
opesgtesHprancadiigicanodae The sggonst wireless network 24 mcludes multiple

client stations 26-1, 26-2, and 26-3 that transmit and receive wireless signals 28.
The client stations 26-1, 26-2, and 26-3 collectively form a LAN and
communicate directly with each other. The client stations 26-1, 26-2, and 26-3
are not necessarily connected to another network. The client stations 26-1, 26-2,
and 26-3 do not continuously transmit data to and receive data from each other.
The client stations 26 implement a power savings mode when one of the client
stations 26-1 does not have data to exchange with the other client stations 26-2
and 26-3.

[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



5 transmts the beacon to the other client stations
26-2 and 26-3. The client stations 26-2 and 26-3
transition to the active node prior to the beacon
transm ssion. During a beacon interval defined by the
beacop t ansm eac client stati,on 26 n
trangits {he hSAGoR R fHes oIeT rligdt Stplpris, 2hrabiasd 2B The lent
client stations 26 nm transmt data sequentially
statoosB&2 @ndri46-8 mgnmtllm foodhe] agtiyea qu%tprwgptsttth@f beacon
the present invention, there is provided a first
trangmisdiers.s Datingr& bémeconeinterval defimdcb by thet Weakom Hesnsmission,
includes a plurality of wireless network devices, the
eacH&NeAE sRABAI26 trasismits ddta i @hgetermitiistidetder! dhsméxaimple, the
and receives data packets and that peri odically
clieff G4SN 26 Hiay FaféMRHata SEQRARaIgnd a control module
conmuni tes W t e RF tr nscei ver, that
determines a transm ssion position mand a default
| FS ti me based on the beacon, that selects a second
IFS tinme when t C ives a data
packet from a g@é@ﬂ&hfﬁiﬁ@é h’é{ﬁﬁﬁp evi ce having a
transm ssion position m1, and that selects the
def@@14] | Fiv affirst aspent ofihermesentripventian, theresis msovided a first
receive a data packet fromthe second w rel ess
wirgleds\netiwottie dievite ihGDWirkldss rastwbrk thiab@rclddest aiphealityhef wireless
second IFS time is less than or equal to the default

netbrRk HeviBes, T BEvicE dUTRSTSIRG: hh RE rdrscaivétithaP #aksinits and
after one of the default 'S time or the second I FS

recéii/é@ a3 B%H@ﬁmgﬁagﬂgfnﬁéﬁoodwmg thanshhifd\Gi felcBvR té“ﬁe%con and a

ess evi'ce en an active nD
The

contrpﬁchﬁ%ﬁ@“f Camipubaes wilh TA9 IR dtanseoneg, that da%?m'@es a

node prior to a schedul ed beacon tine. The powe
transarisgjenwesition m and a default IFS time based on the beacon that selects

a second IFS time when the RF transceiver receives a data packet from a
second wireless network device having a transmission position m-1, and that
selects the default IFS time when the RF transceiver does not receive a data
packet from the second wireless network device.

[0015] In still other features, the second IFS time is less than or equal
to the default IFS time. The RF transceiver transmits a data packet after one of
the default IFS time or the second IFS time. A power management module
transitions the wireless network device between an active mode and an inactive
mode. The power management module transitions the wireless network device

to the active mode prior to a scheduled beacon time. The power management



modul e transitions the wirel ess network device to the

i nactive node after the RF transceiver transnits the

data packet. [0016] In still other features, a

Wi rel ess netvvork conprisi ng the wireless network
s.networ k devi.ce

modkfie 3BaPns, 16k A BTEN Petmik Devick o ihe aectiBmefls ArEEine RF

network device to the inactive node after all of the
transceiveetraremite thodataRackebs transnit a data packet. A

coordi nator device periodically transmts the beacon

t o [0OMB]RF Inrstitisathenferaturéb ca wiketess sativork cpmprisingrthewdreless

and the second IFStine is equal to a default IFS tine

net\ﬁdc)rkt BBvice Sfther Wonsbhrises Net Wiirdleske \etwork @edicks! NThe power
other features, a first wireless network device in a

ma%ﬁé&f&ﬁ%o&@@’t‘?{ﬂ% JiJi%tthbWﬁl'é@@ssné‘t\nfarH tRlickYo Fhe inactive mode

el ess ne evi ces conpri ses transn1tt|ng and

aftelrgegei \{@g &wlr Pe&sfrgr Blgﬁ%\gkééirgﬂgﬁ@ gé{éﬂﬂ % tBordinator

recei vi ng a beacaon, contraQ
doviogPRTIALGHIN BRI ihecbeqandaitne ﬁ@ﬂaﬂa%mé%re. Ty ansmisson
means, for determning a transm ssion position m and
positiofiet=? and Fbet Se@nfhiléﬁ time tinceqiisidona default JeSetimengf the
a second IFS tinme when the transmtting and receiving

secBR@Nrdlesehetadrk devigba packet froma second wirel ess
networ k device having a transm ssion position ml1,

"J‘”Ctof)i")‘]t Se|n96fHéP9‘ebhﬁe§e§6ﬂ+‘bi wirkfeski M@wakie delvite in a wireless

transm tlng and rece|V|ng nmeans does not receive a

netf o B "t UPREPTY, WFARE notiBHIOBGERY, Eamprises

tranam@nnb?ai}w”qqor rkga&wet%f fiRREteg pFiTebeVEig g8 packets and

managenment means for transjitioning the wreless
for reearigslically e trapsmittingeen rggeiying a beacon, and control means for

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

[0018] In still other features, the second IFS time is less than or equal
to the default IFS time. The wireless network device further comprises power

management means for transitioning the wireless network device between an



active node and an inactive node. The power nmanagenent
means transitions the wireless network device to the
active node prior to a schedul ed beacon tine. The
power management nmeans transitions the wreless
.networ k dEV|ce tg the nqgtlve node after ghe RF o
actiye madeppdan WéﬁEYﬁ’ f@Pqene GiRPYRICREDA0PHSYT {negnssirangitions
ot her features, a wireless network conprising the
the winelgsssnetwork devike de the active medernsior ¢o achedsilad heacon time.
wirel ess network devices. The power nmanagenent neans
The pewer manegenentwneans stsansitions thed eretesst petwoek device to the
i nactive node after all of the N wireless network
inacl®éi Aide bftanEHE RFaréiﬁsfcewréaﬁ’éﬁgmﬁhﬁe datppacketsi on
position mF2 and the second IFS tine is equal to a
default IFS tine of the second w rel ess network
device. [0020] In a second aspect of the present

T AT R S ———

netvvork device in a wreless network that incl udes_l_a
netwptl devieg Qfrfuiiheercegprises Wil kwirgless edwotkgeyigesodrhe power

conprising: transmtting and receiving data packets;
mapagemehntmeans tramsitionstthe yvitalesscetwork devicedadbe; inactive mode

determning a transm ssion position mand a default

aftdrF 8l tofeh as edirelesthaetvaRodeviees eednsigit ca seatangpatkd. The
time when the first wirel ess network device receives a

trarﬁ?ﬁn@sleﬁ ftio' r?i“?aan%eﬂ‘l%%coWHrIFBQﬁﬁe "?ééj\@él“{ocbedéféﬁlt IFS time

ving a transm ssion position m1l selecting t
first w reI ess net wor k
Oftﬁ \?ggéﬁ%g}?#&ﬁﬁ%@pgéﬁ%data packet fromthe second
r net wor k devi c 1 still her .. .

(edPOZRE. "t hoRe e setortcatea Pt Pecoreserl Bveatigny there is

to the default IFS tine. A data packet is transmtted
proyidedr aometied tfoe torsmitting rEda regeiving rdatae Withc anfirst paireless

time. The first wireless network device is
nettivosindeviceed wireless network that includes a plurality of wireless network
devices, the method comprising: transmitting and receiving data packets;
periodically transmitting or receiving a beacon; determining a transmission
position m and a default IFS time based on the beacon; selecting a second IFS
time when the first wireless network device receives a data packet from a second
wireless network device having a transmission position m-1; and selecting the
default IFS time when the first wireless network device does not receive a data
packet from the second wireless network device.

[0021] In still other features, the second IFS time is less than or equal

to the default IFS time. A data packet is transmitted after one of the default IFS



bet ween an active node and an inactive node. The step
of transitioning includes transitioning the first

wi rel ess network device to the active node prior to a
schedul ed beacon tinme. The step of transiti oni ng

i ncludes tr Ltionin s net wor
time} B e SeEOPAAT B! v Eng et Wiblass harwerk eV, i té%%s't'oned
network device transmits the data packet [0022] In
between |arptastive f medar aad amdnagtivel @aedeet Tiae kstercpfidepsitioning
W reless network devices. The first wirel ess network
inclades transitioningrtke ffirstrweideless nbwarkalevioecto thredectisetraode prior to
of the Nwreless network devices transmt a data

a sdheeluRid bdddon ﬁrh@nsrrﬁesaeprbfmlsttionmgmaluaed tidmsitiondrinthe first
IFS time is equal to a default IFStinme of the second

wirdlede ln%ﬁﬁorﬂeaé‘ﬂﬁé tgetﬂec fhacti?9@R3bdé afirh@le fiRAtWiréiRss dhetwork

W rel ess networ evi ce conprises an RF transceiver
t transmt ei ves data packets and that
devﬁgﬁf%@gﬁwgqt?%k?fs or receives a beacon
control_ nodul nicates With the ran celv
o Ta0F21coinastll PG opidres. ihaniTlas Bopyeds MERFESIN ieless

on the beacon, and that selects one of the default
netws devieemandhe fisstowineless etwork devige is tsansitienadhtmther inactive
equal to the default IFS tinme based on a nunber of

modié taftepatikef the Newirelesd rdtiverk dbeicbsdaramsmif @0d4ta packet. The
ot her features t he beacon includes data that is

trarfsﬁff5§1 hip68itidh rﬁ-ztarrmﬁ@ SETORA IPSinké fsnecﬁﬁél% atd@fault IFS time

Wre netvvor devi ce. The control nodule selects

oftﬁ?%%g,t%;u,ﬂ,g {§ r{é@g% cdhe RF transceiver receives

oS CO%fitrol nodul e sel ects the
def | F the RF transceiver, has received
&éhanF"}'rpihedateﬁﬁﬂﬁﬁ'k@t‘g'relgsf DGk rHe ke g an RF
feat ures, the control nodule includes an IFS tine
transceiver that transmits and receives data packets and that perlodlcally

transmits or receives a beacon. A control module communicates with the RF
transceiver, determines a default interframe space (IFS) time based on the
beacon, and that selects one of the default IFS time and a second IFS time that
is less than or equal to the default IFS time based on a number of data packets
received after the beacon.

[0024] In other features, the beacon includes data that is indicative of a
transmission position m for the wireless network device. The control module
selects the second IFS time when the RF transceiver receives m-1 data packets.
The control module selects the default IFS time when the RF transceiver has

received fewer than m-1 data packets.



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

ne devi ce, bet ween an ctiv de, and an. inactiye.
o d88850c sl SahTsANER, 68 cantol Maculd dilied g 1FE timer
W rel ess network device to the active node prior to a .
thatsisireget whepedatanpackets arareceivestr ThehRfeHansceivefufransmits a
transitions the wreless network device to the
data packetvaftermie af ther defaalt RFSttinaem aodithe rsecond dRBttana A power
data packet. A wireless network conprising the

manNdgePh@RSmddiuI tatdgdnsiforis! tid ireless heBRsrkNIdvieé stween an
wiTel ess network devices. The power managenent nodul e

actifé Hte 8l anl 1V it STRE POk hsgddné hBBule transitions
devi t i t. ket . | ill .
the PR ER e 18 e oA gL aR a:styRhbidd B5AHn time.
TheBaPE ARSI HBORHES. s Lons dren BNTARSS EOYRTEIgYiEe to the
the inactive node after an idle tinme on the network
inactivet moslegatiar dhe tRfartransceivge dransreits ghdata pecketre A @vikeless

of the wireless network devices is a coordi nator that

netwerk edmpaiking theuwirdléss neéwbrkadevice ofurther damprisesy Ns1 other
wi rel ess network devices. [0027] In other features, a

wirdles<€!fetwoneidaRidesdeVike sowar h?aﬁ‘fageHéfﬂSﬁ‘iddhié‘grﬁﬁi’tions the

receiving neans for transmtting and receiving data

wirdlgs& ﬁéﬁvcﬂ?ddeb\ié;e:: %oﬁﬁ{érﬁgbﬁm\% odd 2RShf b @Ig%\?}lf wireless network

féceiving a rel'ess network

conmpri ses, contr ol ans for comunicating with the
deViqegﬁaﬂSr’?'FﬁJaimaPE%‘ei ving neans, for determining a

default interframe space (IFS) tinme based on the 10 )

bed8026] anth stil otber &aturas, anwireless Retwark somprises a piygality of

and a second IFS tine that
the wireless network devices. The power management module transitions the

wireless network devices to the inactive mode after an idle time on the network
that is greater than a largest available IFS time. One of the wireless network
devices is a coordinator that periodically transmits the beacon to the plurality of
wireless network devices.

[0027] In other features, a wireless network device comprises
transmitting and receiving means for transmitting and receiving data packets and
for periodically transmitting or receiving a beacon. The wireless network device
comprises control means for communicating with the transmitting and receiving

means, for determining a default interframe space (IFS) time based on the
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is less than or equal to the default IFS tinme based on
a nunber of data packets received after the beacon.
[00281 In still other features, the beacon includes
data that is indicative of a transm ssion position m

th I t h I
eatdh AAL et Pang el s Hite BRY AT Syime that
recei vi ng means receives at a packets.. The

5 1e6r 0B T RERL (& 1 bLAHE ST HASSHRE B ISP date packets

transmtting and receiving nmeans has received fewer
receivethafterthedbeaqescket s.  The control neans includes

timng means for nonitoring IFS tines. The timng

nedos28]s resstil othenfakttresp tekbéacar inchuesi datd thatistihdicative

transmtting and receiving neans transnmts a data

of aol"i‘ér'fﬁﬂlséfoh%o% R{ 1driBe YAfcteldst ndthdrk davicandr Hdﬂ@ontrol means
second I'FStime. [0029] In still other features,

seléxg% ?g%%%%mn%sn%or ﬁtﬁé‘f %H@ﬁnmﬁ& biregeiv r'eans receives

ransi tioni ng t e Wwre

k ' b
G D o T e St T agﬁtﬂtoz@s;tﬁwe%
o)l oS A 5 8 il ot

transitions the wireless network device to th
The controlveeansiénclides timtirg meansnfor menjtoging IF&Bm@sngThe timing
means transmts a data packet. [0030] In still other
mehsatigr et avkén edatas packeter &rec sepeived nand Hbewtraabmitting and
networ k device further conprises N-1 other wreless

recdiy :Q%Eaﬁﬂr'a%ﬁﬂtsﬁ‘éataw&t EREPEREBNha@Sralt IFS time and the
trons the wireless network device to the

node after all of the N wireless network
Secgg\akﬁﬁg\éﬁ??ansmt a data packet The 11 power

&ﬁggg]e tn o"l hénls ottﬁ ('aét'u?enss eréISgse Sﬁetul%ﬁ'l‘a"oﬁé\/ice further

comprises power management means for transitioning the wireless network
device between an active mode and an inactive mode. The power management
means transitions the wireless network device to the active mode prior to a
scheduled beacon time. The power management means transitions the wireless
network device to the inactive mode after the transmitting and receiving means
transmits a data packet.

[0030] In still other features, a wireless network comprising tﬁe wireless
network device further comprises N-1 other wireless network devices. The
power management means transitions the wireless network device to the inactive

mode after all of the N wireless network devices transmit a data packet. The
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inactive node after an idle tine on the network that
is greater than a largest available IFS tine. One of
the wireless network devices is a coordi nator that

periodically transnits the beacon to the pI urality of

wi rel ess network dev ces 0 ot h eat yr
powi, MaReBBMEN JMEANS: ITAGSIARE rBgCMIPIRISarIroTR W fes %o the
wi rel ess network device conprises at |east one
inactivenmeretaftey anddler Bmei on e natwopaialiis, grﬁﬁtqfeté‘@f‘ 3rlargest
of periodically receiving and transmtting a beacon,
availabler|FSntimg. a Qe afithe iwitetessr netwvaslsdayiqasris) atgaasdinator that
based on the beacon, and selecting one of the default
periobieally wansmitsahe eandn e the ploreality of wireldsswetvbendevices.
equal to the default IFS tine based on a nunber of

datrgg ?ﬂCkeﬁﬁoﬂ%‘i%&ﬁﬁe@fé Phethbl SoP Gansmittih§ Gind rdogiving data

sti'll other features, the step of selecting includes
wﬂlﬁ%{ Sitel trﬂa‘fw ‘E:%W:e' Eﬁr@n@@s bt fdadt® Vdf”&aﬂ?sﬂ’nttlng and
ata pa ets ste el'ecting 1nc

el d f | FS
rec§r§w§c hadkess T Eabt obg o pm'OF’hE@r‘y.rﬁﬁ? 5\"9 %%Eﬁaﬁmﬁ'"g a
t ket d d t ket
beacPR PN TERing A GHfaBRBTFE SpeFa RO IS bashd a5 thereacon,
second I FS tine. [0033] In other features, a conputer

andhselgeting ere ofitheldefault IFSdime and a seepnd IS time théééﬁ less than
one of transmtting and receiving data packets, at

or s to theadefhult IS itiath basdd/on acrimbergpfatala paghketsi reteivgd after
a beacon, determning a default interfrane space

thebdmepnt i e based on the beacon, and sel ecting one of
he default IFS time and a second IFS tine that is

5@055& g'({ﬁﬂﬂ%ler"f thfts, 48 gf&'pa?f@:e%étwg‘?@@l%%g s%fécﬂﬁg the

ackets receiv ter t eacon
sec%g?ié#ﬁgve aler k%q%ﬁﬂﬁévré‘? Ut Fpie G dar%ie'%ﬁq%% ippludes
seIec(:)t:rngathvt\alI égfa%ﬁsl Fréettlnv%l(tglrvlf/h(ejlr(I3 %\E/g thgl?lem§% ecPatg fpascile?scgren geceived.
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.

[0033] In other features, a computer program executed by a processor
comprises at least one of transmitting and receiving data packets, at least one of
periodically receiving and transmitting a beacon, determining a default interframe
space (IFS) time based on the beacon, and selecting one of the default |FS 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.
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i ncl udes selecting the second IFS tine after receiving
m 1 data packets. The step of selecting includes
selecting the default IFS tinme when fewer than m1
data packets are received. An IFS tiner is reset when

da ckets .ar ved a_ dat a ket, i PTTIT
Cr I0RHAC S s e feanlEs, 1 g‘é‘? WC\L@%% qe% tiat is jadicative

second IFS time. [00351 In still ot tures el

of afrangraissionRARHAD abﬂsvr acvireless BRYQTKAIR tPe b gﬁse ecting
active node and an inactive node. The step of

includes selecting ihe seconddES timenaiter meeiing ne-wfatal pagkets. The
network device to the active node prior to a

steps of s@ldctifighineiudes tsetectinghthestdefaultf IFS tinei twheni fegver than m-1
includes transitioning the wreless network device to

datd Eﬁckét@‘“atré YEcAPE® ANLIES tirhéNsFebét WEeR datd padkasts %?e received

e Wwreless network device is transitioned to t

d
andI 5‘%‘ n—}S?d@ﬁg tF’Jr{s?ﬁlE&tj "éfﬂrmﬁ g‘f\%s%f tﬁ@.td’é?él‘flt ﬁ%'tﬁﬁé pr the second

r ans ata pac is an er o
IFSV{A reless network devices in a wirel ess network
I€-udi ng the wirel ess network device. The wreless

network device is transitioned, to the ctive "

af 18035k i tn gt o rf@ﬂﬁuaﬁsﬂfheewgg sﬁéﬁMPa‘ éﬁ\%&ﬁ ﬁans't'oned

the wireless network device that is greater than a
beteenean aotixel atside ARG ahnipactive: medeonThe stepn ofritransitioning

to a plurality of wwreless network devices. [0036] In

incloti &€ traheionres theawirelgsst retwprio device ewethet activieymade prior to a
processor conprises transmtting and receiving data

schBéGi‘é@t PeabSh ithe Calrhy stepnsfrittansiiony indhedes/ itRshioning the
beacon, determ ning a transnission position mand a

WIF&ISE?%&M%S?éVIQE mﬁ?ﬁée‘ﬂ e Prﬁ)cfée?@&n traﬁghﬁﬁ&br%d%ta packet.

secon |rst W reless netwo

T iralaee TRUPHGORAGE & taneppand i B8 @w%ﬁié"‘??%%ﬁ%'eﬁsw're'ess

and sel ectlng the default IFS tinme when the fi
network devices transmit a data packet, wherein N is a num er of wireless

network devices in a wireless network including the wireless network device.
The wireless network device is transitioned to the inactive mode after an idle time
on a wireless network including the wireless network device that is greater than a
largest available IFS time. The beacon is transmitted to a plurality of wireless
network devices.

[0036] In other features, a computer program executed by a processor
comprises transmitting and receiving data packets, periodically transmitting or
receiving a beacon, determining a transmission position m and a default IFS time

based on the beacon, selecting a second IFS time when a first wireless network
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wi rel ess network device does not receive a data packet
fromthe second wireless network device. [0037] In
still other features, the second IFStine is |less than
or equal to the default IFS tinme. A data packet is

oo RRENBB P el BockEFh.d BEr S el ol s

transitioned between an activ d n .inactiv .
transRSION (RO Forl- Tk SPIacRO e RIS imé When She first
~transitioning the first wireless network device to the
wirelesas netwop deyice sloesnotJeeeive dulata paskebifom the seppad wireless
step of transitioning includes transitioning the first
networkedesdee.net wor k device to the inactive node after the
first wireless network device transmts the data

pagﬁ@{!'l] Thiy étilPother $6atares) d8eé seeondnizS ainte ikessahan &r equal
IFS tine is equal to a default IFS tine of the second

to thé H‘éra‘iﬁtsuﬂ%egimf ka, 3@? gﬁckétqg%%hsh,?rté’d bRbr Bﬁéﬁoﬂftﬁﬁ default IFS

W reless network einawreless netwo
. i ncludes a pl,ual.it L rel ess network, devi ce oy
time, 3766 S2c3nfl 15 ine,  Thei¥ysf WikksBrh el (BUGRGR transitioned
receives data ckets and that periodicall transmts .
betwsen b Asive STO0RCBAD AN BAFIN TARI e BBntieRi BhtiEaNsitioning
. with the RF transceiver, determ nes a group . )
includes transiieningdhe fisstwirelass ashworkidavigsatosiiedctiveamode prior to
beacon, and selects one of a default IFS tine and a

a scheduted b&&cdn timebdEwistep of trahsitimnparivetudesdednsitibning the first
[0039] In still other features, the control nodule

wirdlés€ Hetwerkedelict e tHéeirmadtive | MBde! afterafié fifgt wiele8s network

I FS time based on the data packet received and at
de AT Ho 8 JHRUE THEORSHFS EoROhHFS2 LA A8 socon
I 5Ele o £° 503 14 T sPRBng s PR covice

Ide[(%&&i ermy ok%ﬁgre C%egtr&rttesh,eab%?r% ens's T\@tew&?(”td%%e in a wireless
network that includes a plurality of wireless network devices comprises an RF
transceiver that transmits and receives data packets and that periodically
transmits or receives a beacon. A control module communicates with the RF
transceiver, determines a group identifier and a station identifier based on the
beacon, and selects one of a default IFS time and a second IFS time based on a
data packet received.

[0039] In still other features, the control module selects one of the

default IFS time and the second IFS time based on the data packet received and

at least one of the group identifier and/or the station identifier. The second IFS
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nodul e sel ects the second IFS tine when the data

packet is received froma second wreless network
device having a group identifier x-1 and a station
identifier y. The control nodul e selects the second

. 1ES ti when t at t. i ej 0 :

time, sTg T o ol Ta 15 RerdlRUl S8, TG ooy pidlIé determines
identifier less than x and a station identifier y. The

a grewiet leNtifiasgn ABdsa Statios idRRtiterey haped oRShe; RRAGARen ThaGONtrol
data packet is received froma second wrel ess

modide vamlécts dhe csedoadi @ timer wheni thendathi packet ds degeived from a
station identifier other than y. [0040] In still other

secbaat wireless angtivoulp dévitd ihawings abgemip dderitifier gi-éupnd a station
identifier, a delta IFS tinme is based on the station

identdRPty.f itHe coRftol Rfodiné aididcts e ddcihdi IF S tiewiert bife data
group IFS tine and the delta IFS tinme. The device

n . E

peck 1S Tobued 1810 SR Areled otRord TR Hikdnd B8 group

. dule that transitions the wrele '

dogiiieidgss i kAt e siBlieh okttt Shatte FENHIBhindtife SBiects the
power managenent nodule transitions, the wreless .

defadlf 58K tigey when ¢hq (gata packst d%d@CEP’PGrFfPB‘ 2 Senand wieless
beacon tinme. The power managenent nodule transitions

netwhek déviee bewingex group identifiar xand astationddentiienather thany.
after the RIF transceiver transmts the data packet. A
coq0040Rt oin stilbother featured aajrbyp tiIFSnsmetis basedbemdbe group
to the RF transceiver. [0041] In other features, a

ideMffle?! §eItBEP@ filhedis \WatRdl oh the\slatibASEentiRirant theafefault IFS
includes a plurality of wirel ess network devices

i SRt GRS 08 ESEANIPS (F5Gr Tnblvioo ransis
a dB prcet At one gt s et i LY 1 ebeng PS8 A power
maBRGRIBeTENIG dnatdansiienae Wrdlent nerepTbAess e keen an
beacon, and for selecting

active mode and an inactive mode. The power management module transitions
the wireless network device to the active mode prior to a scheduled beacon time.
The power management module transitions the wireless network device to the
inactive mode after the RF transceiver transmits the data packet. A coordinator
device periodically transmits the beacon to the RF transceiver.

[0041] In other features, a wireless network device in a wireless
network that includes a plurality of wireless network devices comprises

transmitting and receiving means for transmitting and receiving data packets and

for periodically transmitting or receiving a beacon and control means for
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one of a default IFS tine and a second |IFS tine based
on a data packet received. [0042] In still other
features, the control neans sel ects one of the
default IFS tine and the second IFS time based on the
ata packet cei ved | east .one of th LOUp. . .
comRuRERRTE with g ratReing. BB {areiing rapansynfor Si@pining 2
IFS tinme is less than or equal to the default |ES
groyp fdentifige apena rsbation: identifier bagedan the Beacen. dh{on selpcting
x and a station identifier y based on the beacon. The
onecofitar diefaute #inS tinakeand a Isecord di$ LiFe biased wrera tdaéa packet
data packet is received froma second wreless
recéigédwor k device having a group identifier x-1 and a
station identifier y. The control neans selects the

2‘?[90@2]' FSH 'sm? OHER feRiréat the BT mcanseslevRd oheost the

econd W rel ess network device having a group

a4 PR e S STy e
o 8T VBRI SH9 AR 0T s v

_ station identifier other a}: 43] In still dI .

time isalegp daan gr gﬂuabtq the C{qf'ﬁ@t ssgﬁ'keed B?ICPHHO'Q'P‘GGBS etermunes
identifier, a delta IFStine is based on the station

a gralgnidentifier x and a Istatiter identifiers basedwr theabeagarnf Theecontrol
group IFS tine and the delta IFS tinme. The device

meéﬁ@%&lﬁd@ thé@ séebad &Sk tineaivhen theedath packelds asbeéivedIrom a
time or the second IFS tinme. The wreless network

sec‘SﬁM' Gireleds! HSﬁNcﬁ'Q’@é\}iQf%M% '@?&ﬂﬂ%@ﬁﬂﬂéﬁ)@-ﬂs ah@'a station

transitioning the wrel ess netwdrk ‘devi ce between an

'demééggnemﬁﬁg Aot ehRe Selatts trfﬁgesec-gﬂ?eﬁ%’"‘?ﬁne when, the data

nmeans transitions thé Wi reless network 1
oSSk 4 S e T AT v
idex\gitl{eerI Iggss trqaerg V>\<D£\rl;d %e\s/{a(%lgntige;ltliqf?erl )Qa hlevgontrgl means selects the
default IFS time when the data packet is received from a second wireless
network device having a group identifier x and a station identifier other than y.

[0043] In still other features, a group IFS time is based on the group
identifier, a delta IFS time is based on the station identifier, and the default IFS
time is a sum of the group IFS time and the delta IFS time. The device transmits
a data packet after one of the default IFS time or the second IFS time. The
wireless network device further comprises power management means for

transitioning the wireless network device between an active mode and an

inactive mode. The power management means transitions the wireless network
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after the device transmts the data packet. [00"] In
ot her features, a nethod for transmtting and
receiving data with a first wirel ess network device
in awreless network that includes a plurality of

wi rel ess network devices conmpris ransm t . a
deVP@cg? 3ﬁﬁgaqa’lea "E%gaxeﬁ@,r top@rn‘gﬁr&‘?@?‘i% W?%%W% ngﬂgrpower
recei ving a beacon, determ ning a group .identifjer and
managsreentdneans Hensitions $ae Mems’trrﬁéwe%égwe i dhe inactive mode
sel ecting one of a default IFS time and a second IFS

after tmedévdse frapsmitsdhe alapmpheketr ecei ved. [0045] In still
ot her features, the step of selecting includes
Seléem]ng Inoothepffehtueesied method FSr tranemitting tamel remedving data
I FS time based on the data packet received and at

with gdst \Qiﬂﬂegé nbfforl dliicd Heawifdléds AGOPK thidtaneludes @nplurality
Identifirer. The second IFS tinme is |ess than or equal

of WfeletE REREK doice® boPristh HePMABAd Ieteiing Tla Packes,
peacgn. The.step of selecting ingludes. sel [

perQaRal trpS MRS SrERe g & BpACh e iDing & BEOA fepffsy and
a second wirel ess network device having a %rou .

a staientidentifier pasedan the Beagan, Anddaieqtingpns, of ?rfiefngs time
of selecting includes selecting the second IFS tine

andah seconmdk | RS timepbasast on @ data piagket received. second
wi rel ess network device having a group identifier

| eq0045pN 1 &till giheit faatores| deatstép ef selediing solydes selecting
sel ecting includes selecting the default I'FS tine when

oné BFtﬂ@Eéfg%CIIF‘St ﬂﬂn‘é 458 Bhe 88coid FFS Ainse ©ABEd U #lecdata packet
net wor ev a

ice having a group identifier x and

ecBVB P a0 BERL AL R LRl S e e, oo
socgBAreD 15 i ol Enb SetaPFE Sl A 506 bt
andq ;ogt%tilmﬁsidteintrirf?era{/] dartehc?etgl(?rl'litn%dl bFaSsédi g?\' th% ggggoreac'lsﬁé step of
selecting includes selecting the second IFS time when the data packet is
received from a second wireless network device having a group identifier x-1 and
a station identifier y. The step of selecting includes selecting the second IFS
time when the data packet is received from a second wireless network device
having a group identifier less than x and a station identifier y. The step of
selecting includes selecting the default IFS time when the data packet is received

from a second wireless network device having a group identifier x and a station

identifier other than y.
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transmtted after one of the default IFS tinme or the
second IFS tinme. The first wreless network device is
transiti oned between an active node and an inactive
rmde The st ep of transi ti oni ng includes transitioning

or 1094415 Aol G dEhRee) = oS ?Fﬁéiné%“if)%%%weomegwup

ider{{r@gagé bbﬁgb?gﬁ{lg'.g e%pa;ﬂ]ﬁ% ﬂéagdé{ﬂ%g}“ erzr(\ed ?he default IFS
transrrittin t he data packet. [0047] In other

time énawsu ofd @rpudeSpﬁmgram e deltadFbytimepr Scdatagracket is
conprises transmtting and receiving data packets,

trangatitted iaftal lonet ofathendéfauitgd F8r timeearethel secandoBE® time. The first
determining a group identifier and a station

wwélé@héﬁﬂcﬁk dearedis tPahditichdeebetweensdn agtve eiddeand @ndihactive
def aul t IFS time and a second IFS time based on a

mofi‘t Q'h%aﬁﬁ litiiing [lrocgﬁ@édse{ran&ilbhi'ng%@eﬁrsf ﬁ/ﬂ'blérs%snetwork

tep se ectlng I NC s sel ectlng one
ool e G0 RSy AR, hgﬁg?ﬁftﬁaggma%;“&ep o

identifier and/or the, st on identifi The
trans NG inGlude s 4RNEBRING ﬁ@qa«awe'% DRiwaTk; deige tBghe inactive
time. Agro identifier x and a station identifier y
mode efteetrenwwtgrag thesdatagpaaket beacon. The step of

sel ecting includes selecting the second IFS time when
t h§004T}a phchtherifeatures; @ eardpaies pragram ekecisded diywd pkocessor
devi ce having a group identifier x-1 and a station

comptdisi fragsmitting GndORstRIving dsita | Jacketss rpdrivaiicallgstrafidmitting or
step of selecting includes selecting the second IFS

recél\/mﬂ‘ﬁéﬁ%dﬁed&%ni?@%?ro I('ié‘rftgie\‘%‘?'\ f4 tﬂ)ﬁ"'idéh'tlﬁéﬁ based

eVice ha rou entifier ess than

on ﬁépéaééwaiéroﬂs?@ﬁﬁﬁékb%&% ¥ OB e £ 3R 5 e

acket is receive
bas%d on a data packet recelved

[0048] In still other features, the step of selecting includes selecting
one of the default IFS time and the second IFS time based on the data packet
received and at least one of the group identifier and/or the station identifier. The
second IFS time is less than or equal to the default IFS time. A group identifier x
and a station identifier y are determined based on the beacon. The step of
selecting includes selecting the second IFS time when the data packet is
received from a wireless network device having a group identifier x-1 and a

station identifier y.
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froma wreless network device having a group
identifier x and a station identifier other thany. A
group IFS tine is based on the group identifier, a
delta IFS time is based on the station identifier,

b, T 5B Bl e bing

tr itted fte ong, of t defau IFStlrre t he
secoid JBS e whes e8] nacket is reapves T, &, Weslegs Metwork
Wi rel ess netvvork device is transitioned  between an
devigethamingrs group identifien assithan oand a ptation idgniifier y. The step of
transitioning includes transitioning the wreless
selentingumdiudies selecting theedefaultVES rtintke whiendhe data packet is received
schedul ed beacon tinme. The step of transitioning

fronh BOWIHEIeSs hbwéﬂkthQ Bating a Yioupl idestifietvand acstation identifier
the inactive node after transmtting the data packet.

othér;gttq)iaééyé geirgpblngtthﬁ% i Based 8- thégf? ody fdetifieA M delta IFS time

ove are 1 nplénented by a conputer

o SRR S RS SR RIS 5305 o e oo

e e B B8 A AU B gt one of e

tanﬁ__I i bl e storage nmedi uns. [0052] Further areas of
defayplFi&tie onthesrecond IpPdigesit i nvention will becone
apparent fromthe detail ed description provided

her{0080F t e stilt otfieruUfiedtures, awdesigssoodiwdrktdevice is transitioned
detail ed description and specific exanples, while

betivB8h Cath | adlivéOnidie Rhal anr pdcive adbd@nt Tak *sfefp of transitioning
i nvention, are intended for purposes of illustration

o SR e RIALSRr Y HLE MR g o

s B 4" 8 M oL YRRIRE it i o

acconpanyjn
wireless netw rl< d%wceato tﬂg mactlve mode after transmitting the data packet.

[0051] In still other features, the systems and methods described
above are implemented by a computer program executed by one or more
processors. The computer program can reside on a computer readable medium
such as but not limited to memory, non-volatile data storage and/or other suitable
tangible storage mediums.

[0052] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should be

understood that the detailed description and specific examples, while indicating
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[0054] FIG 1 is a functional block diagramof a

Wi reless network that is configured in an

i nfrastructure node and that includes one or nore
client stations and an access point (AP) according to

o b o PourhORCTE i iertibnl, eGSR flmpses o

an ad-hoc npde and. t hat |nc|ud mul ti Jdg Q|Iel'}
illusiration ondy ard greinatintendeadto Ijspit ﬁqqpeF SENVETIEN-3 i s
a functional block diagramof a wreless gam ng
network that is configured in an infrastructure node
wi rel ess local area network (LAN) according to the
present invention; [0057] FIG 4 is a functional block
di agram of an AP for a console in a wreless gam ng

net wor k t haBRIBFI DESSRIRTRIKN GRdHE DRAWINGSjuency
(RF) transceiver according to the present invention;

[ o%ﬁh ' GEI'hé sénfl tHERLER il ?e%hedhﬁﬁé qmlyotmaerstood from

W re net deV| ce according to the present

v B, S e tb?ﬁ?sh‘%?%vﬁ)prﬂfﬁﬁ&dd& WRRRALS i s

in a wreless LAN accordin ar
[ 0dBBPaET EIG AT i duretianay Biack ghagrelal @ wieliss Betwork that is
client station IFS tines in a wireless LAN accordi ng
configueed inran infrastreatune maodshaed thaténgludesane or maeretglignt stations
[0061] FIG 7B is atimng diagramthat illustrates
andcam eotess poinb (AP Fé&ccardimgdoitine arior agj ess LAN accordi ng
to a first inplenmentation of the present invention;

[ 0%655]:' GFIGC Iu§a&uh¢tmrfw biick@iagraimaf aiwiteledy aévork that is
cli'ent station
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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times in a wireless LAN according to a first

i npl emrentation of the present invention; [0063] FIG
7Dis atimng diagramthat illustrates client station
IFS tinmes in a wireless LAN according to a first

[ ntatjion,of. t he. prese. '

5 TOOEHY | ShicharR endng. aBbmra el Bhates SHgh Sigon IFs
- wreless network device to select client statio LFS
times s AEPss AN ReEOrding to At EIISTEBIAtoN Phdne present

present invention. [0065] FIG 9A is a timng diagram
inverttiah; i | | ustrates client station IFS tines in a

wi rel ess LAN according to a second inplenmentation of
t hgoP6HsenFIG. MBeist adiming0@iafarhl that IRistsates tdienhgtation IFS
diagramthat illustrates client station IFS tines in

timés Wh r&'ﬁ?&eéﬁ?ﬁmcﬁééﬂrﬂiﬂgt & Firtomsblemaineatiut af ithe present
the present invention; 21 [0067] FIG 9Cis a timng
invéHti%Wamthat illustrates client station IFS tinmes in
a WTteless LAN according to a second inplenmentation of

th en i gyention:.[00Q6 I O f 1

50855 °F1n 26" Bl Bkal it s NP o 1
. network device to select client, station |ES. tines
times dr & Wigeless d—%‘!c@?ﬁ?f&nﬂpt%@eﬁ'(%tt m?\'emef@@fbggs@m present

invention; [0069] FIG 11A is a timng diagramthat
inventlomstrates client station IFS tines in a wireless

LAN according to a third inplenmentation of the present

i N{e06BPN; FIG. 7D is a timing diagram that illustrates client station IFS
times in a wireless LAN according to a first implementation of the present
invention;

[0064] FIG. 8 is a flowchart that illustrates steps performed by a
wireless network device to select client station IFS times according to a first
implementation of the present invention.

[0065] FIG. 9A is a timing diagram that illustrates client station IFS
times in a wireless LAN according to a second implementation of the present
invention;

[0066] FIG. 9B is a timing diagram that illustrates client station IFS

times in a wireless LAN according to a second implementation of the present

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

cI| S tines in a Wk LAN rdj_n
o 08T 1 FichoPErB 2 AR Hoft t&?‘ti@ﬁratﬁ%ﬁ%ﬁ  §ften 1Fs
[0072 FI G is a,tinmn ram | ust
times [neAt Wieless iﬁh?@cwci'nsgo' scqid dme E'mtlae&f @eneresent
to a third inplementation of the present invention;
invgndiom3] FIG 12 is a flowchart that illustrates steps
performed by a wreless network device to sel ect
cl i[e068]st aFIGin10FS hi fiemwchart dhdi fiystrates stépsd performed by a
i npl enentation of the present invention; [0074] FIG

wwe‘:é’ﬁ hétwork W&Qideofbaéelbbloéllér@'s@élrm@ tifeldi atoR@ihtbtd 88cond
television; 22 [0075]FIG 13B is a functional block

|mpfgr$&ﬁ]tggbﬁﬁ)f F}l%ﬁ;@s%h?m‘?/%ﬂh&?' system [0076]FIG 13Cis

I ona ock diagram’of a cellul ar phone and

{ofOBS “cER 1 1B B bl el ?‘&% B ARER Fef stiton 1P

tum%”ir% itples N csepeding o ar ) ES3RE gy 2 i en

o and is in no way intended to limt the invention, its
inverdion cati on, or uses. For purposes of clarity, the

same reference nunbers will be wused in the draw ngs

t o [00RO} | f FIGi il Bais altiningtdiagras tisatdillbstrates, cliehé statiom 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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nodul e and/ or device refers to an application specific
integrated circuit (ASIC), an electronic circuit, a
processor (shared, dedicated, or group) and nenory
that execute one or nore software or firmare

0\ SOGPAE, B T3S B bl Bt B, Y Qerd oo

functionality. [0079] An inter-frame space (IFS) tine
systéflia nmininumtine that a station waits after the

conmuni cati on nmedi um becones free prior to

t r 40876k t i RS.dkIG s a funationahbleek gingsamcefia aalbilavphong;and

wi rel ess protocol according to the present invention

al I[00B7]st aFIG@N3D s adenclionat block didgrancafna sehtopl .

times with no random backoff periods. By preventing

collisions while elimnating the need for random

backof f periods and by maintaining short IFS tinmes for

eveyRTAILED BEsdﬁrPﬁ@N @WHEWEFER@E@'EMBO@IMS

consunptl on of all of the stations is reduced

o R g S O Bt
7SSO ARGl oy SRR e o o

transmt data regul arly, for exanple, at_ each beaco
applinatiory 4r usese F@(MP@SQﬂ of elafity, thepeamse rﬂfﬁrm%npmb&rs will be
wi rel ess consol e gam ng application. Since nost or all
usedf it tee sirawingssta idendify tsimhilarelementsneAsrusest berginethe term
stations during each beacon interval, a naster

moégtilet afdlof akgice r@ﬁa's&osérﬁbpprbaimeﬁse@m integrated circuit (ASIC),
each beacon transm ssion. The master station can vary

an Efé%tréh%télqujg?gﬁg‘éﬁefﬁ}%ﬁ&%d Béd[@f&P'BrZQrBGpPénd memory that

rotatin I'ow ng’ each beacor’ transm ssi on.

oxef o{rﬁsogzre”@ge;%@gg%i% 7 P SBGPERE, cAiltost o

curq%?\érlwg oy es%ﬁ‘aé%egn $ ttlgz%tégrpgﬂeaﬁg %rétsggg%ﬁjqnctionality.

dat a accord|ngtoaf|rst |ES tine, o _ _
[0079] An inter-frame space (IFS) time is a minimum time that a station

waits after the communication medium becomes free prior to transmitting data.
To minimize power consumption, the wireless protocol according to the present
invention allows stations to use shorter and/or constant IFS times with no random
backoff periods. By preventing collisions while eliminating the need for random
backoff periods and by maintaining short IFS times for every station, the average
awake time and the power consumption of all of the stations is reduced. A
wireless network operating in either an infrastructure mode or an ad hoc mode

may implement the wireless protocol as described herein.
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during a first beacon interval, and according to a
second or different IFS tine during a second beacon
interval. [0081] In a wireless gam ng network
operating in the infrastructure or ad hoc node, all

[ tations t ansmt franmes to .ever her ., ¢l ient
St 16080 St BhpeLBRS SasgheIFR: e 4 oF e statigns ged to
each client station dictate a cljent access sequence
transgyit datg (RIYIBA fBh exa %ﬁt eaghebeacqrhinterval.i Snesxagwle of
sequence is varied by random zing or rotating the IFS
thisttype of nebuark isca wirnelaas cansele gaming appli¢gatigneaSinceenoshor all
transm ssion. In this nanner, a given client station

of the lstationsteemsmitiframesctoand o:gnfoce atHerrstatidrisdurirgeach beacon
during a first beacon interval, and according to a

intep} 0Bd mdster 'sfﬂildiliuHbf@nﬁné@@%fbt%a‘éeaeédﬂs%b\é@hce after each
[0082] Referring nowto Figure 3, a W reless gam ng

bed&?h%ﬁ%nﬁ?&ohncfﬂéjﬁfa J;é\}éﬁorgﬁgh%ry?ﬁgé gtl%uéﬂ a"d?:@sQ'%%quence

nore C |ent gam ng I Ces ent gam

es oc
by Epeidnd e Bt ol PGP ER e@%@?esﬁé”‘% heipisSbh. The
infra tru ure node network, Th host devi ce
IFS3me| 105 42 Sialionis rdanandenhmerl HRER i racesss, saQuengs and
an access point (AP) in the wireless gam ng network.
parthhaipanr tames pravioushheeceived imla pagictitar beacareperiod. In this
nobility of the client gam ng devices 34 and conserves

maoper & igivenpoent statiordwilti trangnhie davae ralcbrding abi arfirsf IFS time
the active node. Those skilled in the art can

durmppa TRrstabeaddinteRal, hasd aaamcmg ¢\ §6cohdl @n@lﬁélﬁnt IFS time

i ent gam ng devi ces 34 may be a game consol e and

durggirtagﬁ ?@orpﬁ\‘(éﬁﬁls respectively, or any other

enentation of an AP and one or nore

L lno?L%%'te%élﬂ%’ﬂﬁeﬁ%ﬁéﬂ{i‘é&re@é& hafiadbfgafddure o
ad %gg r%o?jgat ?Iscliie%tasr']tat?gnsh?r?ansmoilteframes to every other client station
during each beacon interval. The IFS times of each client station dictate a client
access sequence for a given beacon interval. The client station access
sequence is varied by randomizing or rotating the IFS times among the client
stations following each beacon transmission. In this manner, a given client
station will transmit data according to a first IFS time during a first beacon
interval, and according to a second IFS time during a second beacon interval.

[0082] Referring now to Figure 3, a wireless gaming network 30

includes a host gaming device 32 and one or more client gaming devices 34.

The client gaming devices 34 include wireless local area network (WLAN)
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[0083] Referring nowto Figure 4, an exenplary AP 14
for a host gam ng device 32 includes a systemon chip
(SOC) 34. The SOC 34 includes a baseband processor
(1313P) 42, a nedia access control (MAC) device 44,

nd other S conponent.s, i.dentified collectivel
nardigare, SAd GRPTRIS 4% GIarh stations 1 23 Drtagfiusre Biadd Betdk. The
A radio frequency (RF) transceiver 3‘8 long with the
hostgaming devire S2calsednelides wirelesadAN %@waaﬁ ang, opgrates as an
transceiver 48 transmts/receives data to/fromclient
accessipoimh $APhin the wirelese gaminginetverke Theewitelessgaraing network
have data that is intended for the client stations

allodgr farggidutet anolpitityeof thedeljertthgarihg dievices 34 and! cohserves
a buffer 50. The MAC device 44 stores data that is

opéﬂﬁrﬁ‘ﬁtﬁﬂlg gy reucing TRé cverdll @DFRation bhehed Wictivs rﬁ@dczs Those

! ient_statlons enter the active npde.

i llustra in . ' .
s 3 48 o e I 1, 55 R, B62e 7 Bl Ml
Zogﬁad rm%/ g‘ﬁ conngct ed to a di stri bl&]ed . t devi
9arwBAMHRYIES? | 3%sMElYs Pemer SRR P50l 1ok FSigps ipBut devices,

008 h [ ' ' '
eskaabpbucsy ses eremso RS raameriaiou et 47 gne or more
Figure 5. The wirel ess network device 60 according to
wiraless client! stationsat iAltesnativetyn dhe witaless gaming netwark &ﬂg]@wiudes

to include an R F transceiver nodul e 62, a baseband

the INoBE §amitig dovioé 82G¢hd épéravey inadilad bbockodedul e 66, a
MAC nodul e 68, and a power nmanagenent nodul e 70. The

[ 09T CCREBAG, 08 9 o AFShyBlarlap i 14 fr @ hoot
ool 22 TS BRSO SO o8 pptes
o RSP0 47 b o AFAGE B s, ana
othglII ygé)%l 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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oscillator 80. The frequency synthesizer 76 al so

contains a voltage controlled oscillator (VCO 82,

whi ch provi des an adj ustabl e frequency out put based on
i nput signal thereto. The frequency synthesizer 76

an
ge es RE and | F output, sighal.s for the r jver. .
A dO0FAIS et Hont gt ey BeDdf iffbs 'SORERRIRAY ipless
receiver operation, an input of a |low noise anmplijfier
netwonkaglewige 8 38, 8H0WING iIFIYTRom arl hEnWIRISSS( HSEW%’ko%‘j"Ee 60
anplifies the signals and outputs themto the

accordlirg tesome. imnplemegytationssofi thearesenrtrinvertion isnshawmpie include
of the transmtter 74 is received by a power

an RipirafsceiverRADbdGle, 62ha dasebapdtpmoeegdarfmedulest4nalpower and
the antenna. [0087] On the receiver side, the BBP 64

clodk¥abddirse6ira Rt Pbdule B8Jahala p@WéNﬁfah@?e(n@a@)n&ﬁjlé 78t The
receives signals fromthe receiver 72. The ADC 88

RF pﬁﬂ%bﬁ%%%&%ﬁ 6%?‘&9%}#?%@8 cﬁ%’ﬁﬁ“@ 79 "RAHE #HcR Shown,

e sl g ator 90

communi cates wWith an exter I nt 2 ' 2

the ARk cBpdte wpO nodh AR Bide s Hrolgssetoant affer; fgndard
the MAC 68 sends signals to the external interface

componeffts-ch are nodul ated by a nodul ator 94 and out put
to a digital to anal og converter éMDAC) 96. The DAC. 96
out[p08S] si gnfrequency syighesizer 7 incudemia phiase pppkesloop (PLL)
al so may include a PLL (not shown). Alternatively,

78 that réC¥ives aafivdt réferédse BéquencybieomoamtosdillatortsuehRes a crystal
transcei ver 62. [0088] The power and cl ock nodul e 66

oscllRErU8Es Ehefretjuehsy 8inthekizap g6 slsoramtSistdiabltage controlled
recei ves an input voltage such as VIDID and a node

oscle s sn RNl 2, B3 r848ehey Bt oo on
inplSthFi)&né)IStﬁielreltc’°31.t 0l':he1 r%qu-erngy g)cl)r\{m{asirzrgrn 98%%%%%@2%# ean7dOIF 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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along with the MAC nodul e 68 and processor (not shown)
sel ects an operating node of the wrel ess network
devi ce 60. The operating nodes include active and
inactive (i.e. |ow power) nodes, although additional

nodes y o\ he, po n 7
conyByngpss wih Be el Pr- « QI WRRheIEPSRE oine R, i Pencs
. and cl ock nodul e 66. [0089] An optional calibration
signabtita thel extemalrintesiage &5 vitie aig ed Ry,amodulator 94 and
managenent nodule 70 is optionally used to calibrate
outputdodudigitabie amalogeonveder (RACHBBe ThEnBAERHH ipudpytssignals to
nodul e 102 receives an output of the LP oscillator
the 1@8nsmitten P4L 1TDHe aBBPc&4i laistt anayp inalude @ RLLcomot eshown).
106 that is used to calculate the duration of the

AItérHé\Né!]yICth 8B8nd e DAT D6'Mm&RBe ecdted fo?r theCRF transceiver

periodically, on an event basis, randomy, before
6 transitioning to the inactive node and/or on any
‘other suitable basis. Alternatively, the calibration

no 102, may be omtted fr t M S
de PR8I0, T9 ey st eRlls, 88 afbReF SRS vottage
further inclydes current and vqlta ias,circujts
soutess 98rihat terelvas, gBnPYLYgade,sHC 2BV A efodsngiap and
vol tage biases to various circuits and/ or nodul es
outputsnivex taromore otolisigenlevelsn tHe pawes ard clegkwingdule 66 also
device 60. The current bias circuit 108 may i ncl ude

incladés @& lowrpowvedf(LPY ispillatdri 100t IThe pewes trearagenwnt module 70
shown) and the voltage bias circuit may include one

aloﬁ’% W BeOMAT D dURS 68 1P phdt@lsssN @it )shofvr adfed@an operating
voltage reference 112 may be used to bias the current

moﬁ% gjafl t@laﬁﬁél%s& Oftwh ﬁ%\}:i&@‘ dd. O%edéﬁ%ﬁagﬁg ﬁ'}éﬁﬂ%% grgﬂJRae active

erforms c recover
ancEFBL T 7 5 B R bGP SRR e R vioes.
The polie: management moduld 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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the CDR nodul e 114. [0092] Referring to now Figure 6,
an exenplary TDM tim ng diagram 120 according to the
prior art is illustrated. One or nore client stations
enter the active node prior to the transm ssion of a

beiﬁ{?ﬁ?f actRctare Abad %'{q%'mfﬁ? LAV E@d‘%sa%%ﬁer“ and

gnal 122. In the ad hoc )égowever 3
V0|té‘9¢eh*@ss§'&il4"(§n§0§raﬂgnﬂ% fqﬁpectj ¥ohhal gFHaNIC e-m.grent and/or
client stations attenpt to transmt data according to
voltageibimsas todarigust Girasits fasid/@winag uiesd coaregiiansmatishown) in the
beacon and during an awake interval 124 that is
wirele$s metivirk tdévichbazoThe goméentlBias ¢icfd3]10®ahay ,include one or
delta, times for each client station can be varied

moRA6H-chi® aaftratioh %&%&ors ’iﬁbt sKewR) andtthe a?é' ElaQQilr%Mlt may
times nmay be carried in the beacon signal

mcl[x?é ke ortIIHSreSBf"ftdh?p%1 (?s‘fé“tSﬁSS%n%?gHS\Wﬁ /( Bﬁn{i @%PC\HI E Jeference

Ions varies w eac eacon 1 nterva

ations t,.the del a i.me 28 rthetransmssmn
123 Gt ioLaf o Byl 088 cRuR B! g "Gat - vnen
transm ssion of a data frane or cket qver .the di um
s IOBRHT ot 8 dlogk diata ceecovant (IR Vaedylge 14, ae%Eebét clock

may transmt an acknow edgnent data packet if the
recaeryiang inchudes analog andedigital modulegl 16 apdi W& respesdiyvely, or
Afirst client station waits a first delta tine 1 as
only ldigital masddesit Ar26utpubes tinel phabe rock kog (RLH)c104eist coupled to
stations begin waiting second, third,..., and nth

the‘iﬂbR‘?ﬁRo&h@eﬁAreSpeC“Ve|y- Since the delta tine 1 is
the shortest, it termnates first. The first client

DU VRO, RIS, o) 00 i
12(&’5%9@@94& 5 ﬂ@éﬁaﬂ%\ o DRy Bt fefigfh gpter the
actx\/grr%sédet Ir;r?ort {oa?r?emtrsa?wls?nr:s&on of a beacon signal 122. In a wireless
network operating in the infrastructure mode, the AP transmits the beacon signal
122. In the ad hoc mode, however, one of the client stations transmits the
beacon signal. The client stations attempt to transmit data according to assigned
delay times following the reception of the beacon and during an awake interval
124 that is defined by the beacon signal 122.

[0093] Delay, or delta, times for each client station can be varied each
beacon interval. For example, the default delay times may be carried in the

beacon signal 122. As a result, the station access sequence for the client

stations varies with each beacon interval. The client stations wait the delay time
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the first client station at 128 occurs while the

remaining client stations are still waiting for their

respective delta times to expire. Therefore, the

seﬁond client station waits the second delta tinme 2

t he next .shortest. delta tine il u : 30
aftef b5 SBASISHPN SRR HebaidRelres bafete Frehiifing Yoty cpven

as illustrated at 132. The third client station itds .
transrission ofi adata framenor pagket pyerdhe spediug is @mplete, the device

then transmts a data packet as illustrated at 136.
thatTeeeines the data packet imay transmit aneacknowletdgrentdata packet if the

illustrated at 138, and then transmits a data packet
desfifiatior] bithierprokdt ikta $iB@le [€2@B&). | n subsequent beacon

intervals (not shown), the delta tines of each

st 2669’4] cap st Mieht Sthtiohai@ Rt delth hienet lascillistrdted at 126.
station nmay operate according to the first delta tine

Sochp it i et nsha iy oSG g 2ol
il RS 1P 5 A 1L 00 e TSt The
st oL o e SRS SE YL e s

sui tabl e manner. [0096] The client stations transition
clienbstatien transpitsea detsdpaciet @t 128 theceiraining: client stations are still
conplete transm ssion as illustrated by the
waitieg fomghsirocoreésgonelingidelta timmeser rabtHezAvorEisy theex tnapbmission of
in a wreless gam ng network operating in the

the fitst aifdrit Wthtier® 2P 28dobifts WHIR: tl'féaﬁdméihi?bliéﬁtaétbﬁ@hs are still
remal ns awake in order to receive all data packets

el TEUN s e 810 e rHatdrd 88 copg cen

bt She SSB0Resa i 2 nd bl shofER e fifef 8 Thibtratec

.0
operating in the infrastructure npde, wreless i t
at i Jae s?econd client station then transmits a data pac?(efq asnlmjstrated at

sta

132. The third client station waits the third delta time 3 as illustrated at 134, and
then transmits a data packet as illustrated at 136. The nth client station waits the
nth delta time n as illustrated at 138, and then transmits a data packet as
illustrated at 139.

[0095] In subsequent beacon intervals (not shown), the delta times of
each station can be varied. For example, the nth client station may operate
according to the first delta time 1, and the first client station may operate
according to the third delta time 3. Similarly, the delta times of the remaining

client stations are varied. Those skilled in the art can appreciate that the delta
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operating as client stations may transition to the | ow
power node immediately after transmtting data to the
console (AP). Since the station access sequence
varies follow ng each beacon interval, the first,

. second, third, and nth client stations consune .

t'm%?pﬁ“é’x?hr%‘%‘!é’r? t?%ég%téﬂ%aﬁ?/%ﬁsaﬁ%q‘fﬁﬂﬁ&r IR Pe; YFRed pageantially.
Referring now to Figures 7A through 7D, a tim ng

randgralyy ahimany other syitabledsamner r st i npl enent ati on of the
present invention. Each client station is assigned a
de{@Q96] unThe «liert statiomsitransitian .to . thenlows popeo sedde aafter all
the unique delta tinmes described with respect to

cliefti statiens. carnpletenitrarsnissiohi a®dllustrated the the ttetrnimatioh oof the
transmt in the order of ascending IFS, simlar to the

awdkeliervall12deFgekkampld, o Wirsiess Baehihg networkboperating in the
However, the IFS tines neasure a tine Since the

. s [ c ; e

infrgtRFeCt 9B, 5 lod GFEH cliefit stafloh iphlif diyoks! il order to
manner,  eac [ient stati.on .ts a unigye ILFS time 30

recelye all daiz PAckets 1 gl aentsBkons e getiers, -
previous client station conpletes transm ssion.
[ 088097 1TheAlteinativelyr achneliend) stalipn teansitioRs, to the dew power
during each beacon interval to determ ne whether to

modairnmeldéatalysaftgretianisrniiing al dtatpankebr Forsxample, in a wireless
alternative IFS tine. In one inplenentation, if a

gansih ecdnsdlétoperatiey dh Viee infrastrupieed edoderindreleds diyput devices
packets of a particular type (i.e. all preceding

opegét:ﬁét bs clibft Ef&lﬁgﬁiﬁégtﬂ‘ﬂﬁﬁﬁ i¢the _Id\ﬁ‘%vié?%oebiiﬁlﬁﬁediately

_ Ionwalt_st 3 rnative IFS tine. In typica
afte g S g BB TR P et tagh ok dfs Befuence
v G BBAR e SRR Bl T BB e B v
interval. For exanple, a client gam ng device may
stationsrepfisume approximalely thessrnre AvewRae pRy¥er over time.

[0098] Referring now to Figures 7A through 7D, a timing diagram 140
illustrates a first implementation of the present invention. Each client station is
assigned a default unique IFS time 1, 2, 3,..., n as opposed to the unique delta
times described with respect to Figure 6. The unique IFS times cause the
stations to transmit in the order of ascending IFS, similar to the effect of the delta
times described in FIG. 6. However, the IFS times measure a time since the
transmission media becomes free rather than a fixed time since the beacon

transmission 122. In this manner, each client station waits a unique IFS time
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gam ng device, and then transmt a gam ng data packet
to all other client gam ng devices. Therefore,
subsequent client gam ng devices woul d expect to
receive the gam ng data packet, but not the control

data packet. [ 0100] .Ref in w Fi e. 1A i .
aftefy A5 BREEN; MENAMASION ol2s | BLBE e, 2 dfefiolls, lignf’ station
previously transmtting client stations, the client
completes Hiansiy$siQNt he IFS tine 1. The IFStime 1 is the
default IFS tine of the first client station as
i | [0899]at eThecligntystativrs fallowtong pemmors ralessiuring each beacon
first IFStime 1 and transmts a data packet as
intenidl te deteretinatwHeter Thwaitethe rassigneendefaultiFSrtirne or a shorter
second in the station access sequence according to

altebitRiveF[FS itiBe.2, Imshel IMpRIMMEation,yif #xdlieat staton eecéives an
the data packet fromthe first client station (i.e.

exp{g@t‘:éddﬁﬁﬁpep%‘f a%acf’k@tselspgcéﬁﬁichbé?Q%pé’T(i.@.r all ?receding client

ransmttl ng. e secon ient station recelves
t he dat a, pack fromthe, first . client. i .
stalalS iy ecrRBs e iaR et it WaiS it sMBmdiRe 1Fs time.
illustrated at 146, and transnits ata,.packet as,
In YPIHLIIBIES SEMIng aRPDEaanS asY,EleThos GLOh ot A Bingle, data
first client station already transmtted data during
packet to tsensroit to ail ethen clienk stations. ipwriajed dinat station may have
collision will occur between the first client station

mo@n tharheneedatal paickehtyps 40 i teansmit IdE®ingi aebaacorTlirterval. For
third client station is third in the station access

exahRfit e CienB ARG IdRfvidee mayxPandriit ted coamrel datat packkattd a host
packets prior to transmtting. If the third client

gani’légtéi.ﬁagfb&, LRAThYA ?ratnlgﬁ'!ifjé‘pﬁgﬁﬁ ???g%l@f‘t& B dthésdliedfGaming

I'ent” statl ons, ent  ‘station

o}, SThBEAS s SRl ol $EHT G Rl 0 8perhto receie
the GRGing K445 RGKE!; DYLAGRE S0l Q8 KL e t r anam <t i ng

2 OI[z(jJIEI gofaCketRéaerriir!gl ﬁcsa\fvrtgt;igu%t 7A15 i(fs'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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I n subsequent beacon intervals, the IFS tines are

vari ed as descri bed above, but the clients stations
continue to follow the one or nore rules for
alternative IFS tines. [0102] In this manner, data is

ha . bet yveen | i en a I
S BB o581 26 25 FandEE LG4 it e
reduced m ni m zi ng power consunption. Additionally,
illustratagkat H48. -percentage of time required for all
stations to transmt their data is reduced, there is a
gr §8Gt] | i kén i dthed words, abecauset thensfinsf | ¢liené stptien ¢ giready
transmt each beacon interval when conpeting for the

trandRflitedndutd Bueihd eis \Neaon dhteord sthefs isine danped thadtosadlision will
and in Figure 7A, the awake interval 124 is

occit EBMééhame' first efsreflatidn Hﬁétth@ lsedbhd ¢ligmtndtation at iIPStime 1.
transm t and receive pr operly. 32 [0103] Referring now

The' gne Hérﬂ . Etlfnh f\lr iA%thg Tl@ﬁ” é'vcﬁéss ééq‘ﬂﬁe‘nbét %ﬁd therefore

pet |03 0 sta I ons en one client

st ati on doe

expﬁp@ctgdpﬁﬁlvgiyvg atét%ég pnﬂqg %r%pgﬁ\‘fl}gﬁéerlﬁtﬂgttg%rd 8Hent station
recees ééf@?p%s?kaei%‘ggﬁﬁ&\%ﬁ{ anq secand it tatians. the third clent

station does not properly receive the data packet from
statidrewhits the ¢F S dime Jt s illostratest at E5Qapddransmeits adata packet as

client station may not receive the data packet due to

illugigitée at 520t Ttes ntretientstatiorbbperatesTapalegously andewaits the IFS
second client station waits the IFS tine 2 as

timé 1/ é’ssﬁlﬁﬁ?é’t@dagt 15300 d¥bt e trah Smitling) addta pagket skaillastprateidedt 156.
as illustrated at 162. The third and nth client

In s@ﬁgggﬁﬁt tfi{]a%ﬁ#éﬁéwﬁgeff‘éQFéglrm% SRS rsY Q@H@s&%é%ﬁéﬁove but

transmtting
illustrated at res

therglients SRYORS. nﬁﬁﬁadf@ﬁ% the & P eoiag g‘# @ﬁ“at"’e IFS

times.

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

stations transmit and receive properly.
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illustrates operation of the client stations when
client stations 3 and above do not receive a data
packet froma preceding client station. The first
client station transmts a data packet after the IFS

ti as il trated at 7 The c cl.gent,.
st g&'%ﬂ receh?z LMNAe NPXY aopg:dﬂléﬁe aﬁ' ﬁﬁgnéﬁ bg g%%am 140
~the IFStinme 1 as illustrated at 172. The.thir gl
ilustratescopesation ohtheplien statians when gae Pﬁ%”‘osg?fémbgeﬁéfm receive
fromthe second client station. For exanple, noise my
a datarpagket from arpresedisgidient station: rTé\esﬁzr(sbrr@elﬁl statign transimits a
station. Therefore, the third and nth client stations
data’ﬁ"f?@cla@tt aft@b|FS titnedead Mustrated 4t 168d Howevér thefseabnd client
Stinmes 3, and n, respectively. [0105]

statﬁH %é}’aﬁbﬁ’&l erly h&ceﬁ@é@r’i@dﬁié Badkes b € fildY chéntadiation. For

e ne vvork and/or fail to transmt altogether

exaﬁfpé% Wﬂ%éc‘&ng ighf's q@op-rrﬂ$¥ ot cel\fé': Hafst GAdi@R due to noise

'SMts a apac er t time 1 as

or S FeAAR e, Tl GRRGR 1L wws&aw%%e
client station waits the default IFS t
time 2 85 steied St A0 RrieD fpBnegiting ngala ppokEles ilustated at

illustrated at 176. The third client station transmts
1622 Tiee thimhakenth alierdrstations propetiyeeceive all precading datagpackets
178. Simlarly, the nth client station waits the

and¥fatutrie IFS timee1nprdrt & teamstittihyt bs dilustratedtatt 164 and 166,
conpletes transmssion as illustrated at 180, and

res{;%&@ {sy ansnmts a data packet as illustrated at 182.
g Referring now to Flgure 8, afirst IFS tine

cEIBDAET, RIS 70, 185, ik Bedhh 140
WA El bl e

signal includes data that determ nes the % af
receiveea dstatpacket ifiom & paesesing clignt slatigpesdhe first client station

i mpl enent ation, the beacon signal may also indicate a
trarse}r?l;sn tm datahpackeb after dhé OFS dire dsas diystrated BbA 78achhe second
clieimt 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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station. Alternatively, the beacon signal may include
a single value that indicates both the default IFS
time and the slot mof each client station. For
exanpl e, the beacon signal may include a tiner

The;yabadr st staten diee niy épsmhea BelsT o | TREHER R Ine tir
cner(‘?’s?étah&a” waits BiecheraultFs e aliek 1e. T GIRB ltPpcEompletes

type. If true, the nethod 184 continues to step 194.
transmissions @s itusérated Bb#78.37 hedbind clieristationstrapsmigs a data packet
step 194, the client station waits an alternative IFS
aftet theelFS tiie 3 aslilkstratéchat ©78.e§irallaryg thé ethdelientIstatidrSwvaits the
time. In step 196, the client station waits the

def4laf 3Gt tiMESNt &fiGr ahOiL1}th! ikt estai&, cdmgletds @rinsmission as
station determ nes whether the IFS tinme of step 194

"'us%té{ %‘8%"* R s & gpl o sl St ed R 182e2
1. tep. 201 Cl ] ent_ stat
iﬂéﬁ the e;ﬁﬁwssg%rﬁgmﬂsﬁﬁ?- 3 TS e 3 ethod

net hod /184 19 f f th

1847600135 18 SR 4580 B sigD2 088, 1R Qleph StRsBnS enier Bhd giiive mode
station resets the IFS tinmer, and the nethod 184

prior & feceiving asbegcarptransmissinrhetn siepdid0, the clientestations receive
station continues to wait the IFStinme for as |long as

the tbleacoh rsigrali J$ieopeasoh signakintiudes data tihet ddteemines the default
station detects activity on the transm ssion nedium

IFSttitged 66Hel divht 6RfAIBhS. 1h eHdBleskeht Mhsien&iatidr)@he bieadbn signal
station transmts a data packet. In step 203, the

may Bl ﬂ\di]@aﬁgd%tsfdtac k hWﬁ\teh%tlfyn dek$ rhteq%"er\l'::é GBr R@2h client

ecel ve s from al e ot he I ent

tatﬁtgﬂtc%ﬁemabg?'tvgﬁ%4@65025593 tfﬁ%ﬁmchfa& ¢ Bing¢ DAL e [icates
botf dhesARAUIITS: pears (R #16L i P saelkeiant giaiion. For example, the

beacon signal may include a timer synchronization function (TSF) value that
indicates the default IFS time and/or the slot m of the client station. In step 192,
a client station determines whether it received m-1 data packets of the correct
type. If true, the method 184 continues to step 194. If false, the method 184
continues to step 196. In step 194, the client station waits an alternative IFS time
that is less than or equal to the default IFS time. in step 196, the client station
waits the default IFS time.

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

time of step 194 or step 196 is up. If true, the method 184 continues to step 200.
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received. In other words, if all stations have

conpl eted transm ssion and/or the beacon interval is
to expire soon, the nmethod 184 continues to step 206.
Clhermﬁse the nethod 184 returns to step 203 and the

tat its ile,.each c station e

it tafsen thiitpelinct 19 hRHRESS to Rtert BR150R SBRAM tﬁﬁta'e"? station
statlon enters the inactive pnode. In st P

detarmines) whelher ther aBsmIssian MASIHBE 198 it r“?nﬂlﬁ geﬁthod 184
208, the nethod 184 determ nes whether the inactive

retumstto stepel98. i If falpe, the method t8dcontinues tosstep @0@atlp step 202,
subsequent beacon intervals and returns to step 188.

the tlierft@tatidon feketymbielPS tirfdr, adtithenédthod 184 r2fiins kO s 192. In
Referring now to Figures 9A through 9C, the timng

othé?I WIRMthe Lot $t8fidh %ﬁﬁn@es?'&?m thePIFS Bmeafor 43 Bhg as the

he pr ésent | nvention. a client station receivesS a

trangﬁgc GF el & %”'CH' e OfgR S RUATCAERIS! ¥n the

I Tent statlon lent statron wart
an alternalveIF re transmttin dat a. If
transisgion E‘rﬁdt"é'f’afﬂ%ﬁ:%ﬁ%‘?’ i ? Yeceive the pa?ti cul ar
data packet fromthe inmediately precedipg client
st 301081t he I istem208; dbe &Hembﬁt%'oﬂh*éa%%ﬂﬁg a datasparked.
before transmtting data. In the present
step 120Be ivetraethod, 18hdeterdnines whatheothd clientestationviask received
mai ntai ns a table of MAC addresses for all other

dat# |paRRbtsSraii @lsthenothBe cliest witisns lin thehwireless dsetwedl; hand/or
client station is able to identify the data packet

wh%ﬁéﬁh&%é&ﬂ%@vél%ﬁ@kﬁﬁ@%Moﬁr faAfH, fge MdtROd 18Kfﬁdn‘ﬁﬂues to
ased on 1ts MAC address Addi tional |y, each data

d
ste;? Ii’ gij%% gf]e ﬁﬁéﬁ%ﬁ%@@? tﬂf %?%.fdfﬁnhlt all odé%%ts are
rec«,%ié b &g@sgfspzﬁ:ayﬁt%?@'gsn%gﬁmmsﬁed;@amussm
[ rmedl ately preceding client station. [0110] If a
beagoneintervakris tot axpio sosreithes metkodiatd senkinues rlonstape 206.

Otherwise, the method 184 returns to step 203 and the station waits while each
client station attempts to transmit in this manner. In step 206, the client station
enters the inactive mode. In step 207, the method 184 starts an inactive mode
timer. In step 208, the method 184 determines whether the inactive mode timer
is up. If true, the method 184 repeats for subsequent beacon intervals and
returns to step 188. If false, the method 184 returns to step 208.

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

station receives a data packet of a particular type from the immediately preceding
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i mredi ately preceding client station, the client
station waits the IFS tine 1. If all «client stations
recei ve the data packet fromthe correspondi ng

i mredi ately preceding client station, all client

= %ab@r"‘%ne Gerk el bl g AP SIS B rbming
st TR Ao B e BB Bl q%'é%%%be‘afmm

data packet froman imediately preceding clie
immediatelyrprevading ¢lient statien: the alieristatiomwaits ithe aiecﬂ@ﬂlblFS time
packet after IFStime 1 as illustrated at 212.
befdtevmnsmittingedatae dm thi ptasent inspletmentatitye £acbtclipnbstation in the
receive the data packet fromthe first client
net\ﬁérkt m@fhtaihBed eAslecof MAC adamsdes!forall dthéit tientvatations in the
the IFStime 2 prior to transmttlng a data packet as

netlork! S Bfrfeg %Jdgléacﬂ_hfﬁtehp bfaioh! is &ble %6 3& gﬂﬁ@ REth Ypacket

recei ves acke romthe secon

station, _an r
recq;%%(i rggga? Hgnaagﬁ%\tgy;%r%gk&ﬂk ci;:e ét%ﬂoi?:@%&@?)gﬁt it/ MAC address.
fore, ent station_ and,t
Addlarnaly, s#éh dafe %?Keqt'ﬂéuﬁﬁ%"{fP%atPrbMr'%e'{}ﬁ'&ﬁépﬁ gl e
data. [0111] Referring now to Figure 9B, the tim
statifinageceas2sequengeystn ag@sm@paeata dﬂcemngh@le@msémon s able to
stations when all subsequent client stations do not
deterenine vif a patticufzckiata fpamket was ceatisngittedi eyt the dtrinoediately
The first client station transmts a data packet

pre@éd,ﬁ@ cliért dthfigh.1 as illustrated at 216. The second,
hird, and nth client stations do not receive the

dat[a.‘ ket ff Qaglbgﬁ n{llﬁhﬂsﬁ%‘dtnief%ce?e%ﬁ th)ép dtagaﬂb%cﬁ@lc%% the

[ i*en tation

R0 b oA B T AR s v
oot it e sk Lo B8, BB ey

order to use the IFStine 1. If the_third client '
preseding slienirstption,yall-clieat 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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the data packet fromthe second client station, the
third client station uses IFS tine 1. Likewise, if
the nth client station receives the data packet from
t he (n |)th client station, the nth client station
FS tine 0112 Referr 0
ProRa(Y tachives (eadpanPaaiot ol il %Ysﬁé’% | Biérgiote the third
client stations V\/nen one client st é st -
clientr statian ranchihe pthyclertnsiation 'waib e E’é JAime | toefare; trapsmitting
The first client station transmts a data packet
datafter IFStine 1 as illustrated at 220. The second
client station does not transmt. Therefore, the
t hifoth 4]l i ent Reffetringn rtovantori Figuee d3B.a thpadiming adiagram 210
waiting the IFS tinme 3 as illustrated at 222. If the
|I|us‘ﬂ"atb§bﬁéf&‘tloﬁtéftth@fbheﬁf aiftioh¥ wieseall 8tibbBguéltt cliepastations do
fromt h client station, the nth client

not ?%@é\l/% %rde’a;tﬁ }Ec’fiﬁ; grb)gﬁa é’éeégd'hg :Hlél]\t &8tid8 S AHPHdt Blsstation

equent client stations
e, the alt

oo AR BB AT e oy T i

dat a packet. However C n si

andoahiGlent agiaps Giocapt repeweéﬁ e papﬁgttaf%%rnﬂﬁﬁsftrst&'1e@ﬁ§tat'°n
station is not able to transmt a data packet,

Thessecnnd dlentstatiorawaits the IFS timend pirior o éraﬂﬁn\@raeua data packet
after IFStinme 2. After the second client station

as iflustrated as 2t Be Hwevagrpasadrdinghe thépresent inaptensentatiom, the third
will attenpt to transmt a data packet after IFS tine

andlnthH&ieRY StatiohB &1 hétSiedd ictrdiceivel thki diita Wakket@bin thetfirt client
the second client station conpletes transm ssion, and

sta ’rrc'ﬁ"n OI%I%E' efcmi’fsettﬂetl riﬁﬂéH aif%ﬁée thiRpEIlH s?étkﬁ’f pl'd:pgrlg rBBeives

Fesu I'n Co |S|on refore, alt

i d bed h

the ffo pekeC éﬁm”fheﬁ%%%énq?ﬁv' tafieh et é%“??ga‘é%n uses IFS
environnment, it can be seen that operation. in cer

time v ilikgwisai i the nthelient statiop receives the data packet from he &\ -1)th

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

[0112] Referring now to Figure 9C, the timing diagram 210
illustrates operation of the client stations when one client station stops
transmitting or disconnects from the wireless network. The first client station
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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[0114] Referring nowto Figure 10, a second IFS tine
sel ection nethod 224 begins in step 226. In step 228,
the client stations transition to the active node
prior to receiving a beacon transm ssion. In step 230,

b REIRIET oo el hel g i SEuPAEER PR o, SUbsequent

. default IES tipes of the | ent atjons, . which . :
clienleitatans il usrle atemetve fis §ina 7 i ibvesistSiieneding client
for each client station. In step 232, a client =~
stationatrapsmiftace enipadiculdtetlata packetec dilQwever, dat gerfrin keituations,

fromthe client stationin slot m1l. If true, the
collisishimdy d24urc ofidr exaraplepif she first 8ientl dtafian Benottdide teetrinsimit a
224 continues to step 236. In step 234, the client
dat# Eaéké! Nthaedddondnclizht Statidhiwil tlanSndit A'8atd packdt afteh 0F S gine 2.
than the default IFStine. In step 236, the client

Aftezgg’é isgRoNgidiient B&tiofetahtrhitd the Héfée%et t] ﬁ'pelﬁ']irdl é@t%@ation

the client station determ nes er the

i o FRof, e e o, s i 1, oo s lon

met hod 224 continues to.step 241. In step 241, the
statfon Wi wak aribie Beeand iy Tafam eompieles Tfsistipnand also
mediumis free. If true, the nethod 224 returns to
attempdptce 3@ansnit fanl data paeketesfied 1B34 tisant1.nresulting danegollision.
242. In step 242, the client station resets the IFS

Therefors,, akitsudgh eheditipiemantationt destribied Bt Eigutdg. 9A Othidijgh 9C
In step 240, the client station transmts a data

provid&& 8igniflcant Fhiovéfnent ila HBiéd1fde 24VirdARINE iN8AN be seen that
whet her the client station has received data packets

B

eacon interval wll

SRbATAETST fdohbiCophlfp TAMRIG7 A, SBOT ES " 6Botor
until all packets are received. . In other words, if
methpg 2a4ipeahs IREIaP 22Rpi IB1Siep E2intie ST StalLFanskion to the

beacon
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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interval is to expire soon, the nethod 224 conti nues
to step 246. O herwi se, the nethod 224 returns to
step 243 and the station waits while each client
attenpts to transnit in this manner. In step 246, the

cl | stati
LE L chb B A R %ﬁ&e?”tée IFS
48, the rrethod 224 determnes if the inactjve
time, ohtep 2340 step 236 e Upy it theanetps %p%%ntg'ure&r{g Tep 240,
subsequent beacon intervals and returns to step 228.
If falge, fthe spethodh224wontaues 4o steni2Ad. t1n g&e@pZ‘thsthe[@m]statlon
Referring now to Figures 11A through 11D, the tim ng
detatiriigeswhefiten tHeutransmission nfediumi ispfresrent frueptheimethed 224
present invention. The client stations are divided

retu'rr'i§ fb ét\éﬁ 238, "R FRsE] PenfethdiR 2Rebntiuesto stépi24en In step 242,
a group is assigned a default IFS tine. In one

the bar t’s ’Herl'fltécs%fbetn t§jt‘t?r;1él’”atnd| the rﬁ?thbb@tlf Rhurhs togtep 232.

ol 1s equal to a group

aciégﬁﬁs'egﬁé ”E?tégéﬁ S'P%Lﬁfer 'spgﬁéﬁg'ﬁhg A2 pifiet.

unb h
sten 4336 Metbaa a4 eRieTrnee Nagr 1ish et Sialp R Heceived

group is assigned an | FS station nunber that

datal packets fram al other dlieshstationsin the wireless, naiwork and/or whether
A3, ,Aq. Therefore, each client station is

the MOoh amedvaui will expireFsdagr. olfpirweyrthermatithdad24 Edntinaes o step
nunber. [0118] If a client station properly receives a

246dajf éial@éC{h%t mictiel 224 GRIUTRS KO REE248 lunBiN kIl Paskérnaref rezBived.
| mmedi ately preceding group, the client station uses

4 R g o AR B, p bocor
b ST RaE Bl Bl heiwise
meﬁ%&t@%g[qﬁ%ssﬁohﬁegr%g aer?ctj trllngtattlorr;Ewgll; aﬂ le e arcﬁ c(:?len{1 gttempts
to transmit in this manner. In step 246, the client station enters the inactive
mode. In step 247, the method 224 starts an inactive mode timer. In step 248,
the method 224 determines if the inactive mode timer is up. If true, the method
224 repeats for subsequent beacon intervals and returns to step 228. If false,
the method 224 returns to step 248.

[0117] Referring now to Figures 11A through 11D, the timing
diagram 250 illustrates a third implementation of the present invention. The

client stations are divided into two or more groups, and each client station within

a group is assigned a default IFS time. In one implementation, the default IFS
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[0119] Referring to Figure 1 1A, first and second
client stations are stations 1 and 2 of a first group
and have default IFS tines 1 and 2, respectively. The
IFStime 1 is equi valent to a group IFS tine IFSGl

timelo¥ BTSN EITY o el lock eft FRGupeTRS 3 jhERertenta

| ncrerrental delta tine A2. Third and fourth client
delta tigiq tordetarraine; siatiom aceesfipquesce. £aghyryPds aspidaad an IFS
have default IFS tinmes 3 and 4, respectivel The | FS
group nemBer that clgtéinesa group Ilgsdmﬁ IFFSEGﬂa |I|F§G%S€§Q33,us|FSGX-
the increnental delta tine Al, and the IFStine 4 is
Eachalientstationtin 4 ipartiputamgrotp isiamignéﬂ@n F B sstatien number that
increnental delta tinme A2. Fifth and sixth client

deterhriiid P BA iAERNYErRAI Q8% 1|rrﬂanﬂ12AQf 3.t hagd Déreforea@dch client
have default IFS tinmes 6, respectively. The IFS

s E A SRR S Aol Ry s T ek
SRS b BT by PR o B Bt o

rou |FStInEIS greater than the preceding gro é)
corrps;gpr@dlng chepksstation Q¢ paigwediately preceting g(@up,;g?e client station
exanple, the group IFStime |IFS& is greater than the
useg the pmanest iRSetimestdia comesponding alientratatiorefrom whishtthe client

time Ag. Simlarly, the group IFStine IFSG3 is

statphesdsepropedy retdieed aadgia lpabkel. e dth&iGRom s, if theelient station is
incremental delta time Ag. In this manner, the client

assééléfédosﬂﬁh 1S SRR Sthe dieAt BatiBAResAng RinalRERIFS tiffeSof any
tines than the client stations of preceding groups.

pre%g}ﬁéi 221 tat%ﬂw i sions between client stations of

rent groups is avoided. [0121] The first client

s kst r o Bprainel FRAuRA IR, At otend pliertBiichs are
irrellsequwalentto the roup IFS tine IF | us
statlons. | Aoe 2reirA 1St GEpdm.and RaVAICBERHT IS Jmest band 2. Jespoctiely.

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 first, third, and fifth client stations are all
associated with IFS station nunmber 1. Therefore, if
the third client station receives the data packet from
the first <client station, the third client station

o obBHTES DS SR o Werk ol Bt S B0FOTFS e s

receives the data f fromthe firs ng thir

equivBlat {0 TresBraura P S RoenFBL3 Rids Sh nsremedlal Aafesans 2.
either the IFStinmne 1 or the IFS tine 3, whichever is
smi0120]. | n Bashprsvseessivxagiaup, IFBe timet is cgreafar than the
station reuses the IFStine 1 as illustrated at 256.

predétiing grous! IES itiene plusasin dncrementalndelta timeéalq. fzarketample, the
after the IFStinme 2 as illustrated at 258. The |IFS

gro&;?]'FPSQtlméQFS@:‘Q V:@bﬁéﬁteﬁ thdMthed GRUD |FS timeBFSBICEMR! pleis an
the increnental déelta tine A2 as illustrated at 259.

incr%ﬁ%rrr\]‘ie?h%eél%l fitrle eﬂg dS%IfHIFa?I? tf a§ Iﬁ@ﬁn@t%@@qg‘@‘reater than

Seco and reuses t he

tinme . t Li.e tf At
e i T
clioBh o3 bt SHRSSIASE 61 v lonier defGltiRs tnds iifime clent

4. In the present exanple, the sixth client station
stationss ef précedims groups.2 refarey sollisioss ketween client stations of

Referring now to Figure 11 B, the tim ng diagram 250

difféfehtigidupissis avbiledper ation of the client stations in
the event that a client station does not properly

eqeh¥f) a dathePfirsk Rlieht SEtidn Q@ﬁsﬁﬁ&oécﬂdis gickenbfter the IFS
fonin a preceding group. The first client

St
im3. 744 Mgk S8R5 262304k BB Bl Bl PEUHES) it o
300 1 P RS o B A e 25

|| trated at 266. The fifth cli
The 656 i, R TdBrclephelalioss o Allassoraiad Wi IESistffen number

client stations and transmts a data packet after the
1. |Terefome, if the third client station receives the data packet from the first

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

illustrated at 259. The fourth client station receives the data packet from the
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illustrated at 268. The second client station
transmts a data packet after the IFS tinme 2 as
illustrated at 270. The fourth client station does not
properly receive the data packet fromthe second

client stat.ion. Therefqte, thge faur client ,st.at] .
seofind EienCaBhoR Bndlrisssbe IS finnce bF 6 spEBha HiRht 8fition as
. client station, and transnmts a data packet after }he
illusfrated: ate6@. adhe) $ikiby pliark Statior receiver: the-daia packetssirom the

equi valent to the group IFS tine I FS& plus the
secomd apddauch client statibns axel therefore reusesttbe I5S time 2 gnthe IFS

sixth client station receives the data packets from
timd 4¢e Inthe preseriti exam e athieosixthnclienh stdtionr reluses itkadFS time 2 as
station. The sixth client station is able to reuse
illuskrateteat 262 |FS time 2 or the IFS time 4, whichever is
small er. Therefore, the sixth client station reuses
th tinme oyl | rsat . [+:23] Ai
0172} R%fé’ﬁllgpg ey '8 Cﬁqtﬁ& 118, e t%l%gmdé%%am 250

Referri‘ng now to ure e timng diagr
. bllustrates the eration of the.client . stations in.
ustrale e RParAtn ol Jlent SiaNBRE W L HATER Rl stélion does
properly receive, a date\g@a ket froma cofres ,ongi ng. .
not QIPRAEY Jeseivena dataaPReied clipmgagFeRiigsPanding £ligh sation in a
exanple, the fourth, fifth, and sixth client stations
precrsling greupperhe fird cdient: stationdtanspise letata packetcafter the IFS
client station. The first and third client stations
times$ aastithgstited ot 2841 The thirdaoliehtstation receitieswtheedata packet from
fifth client station does not properly receive the

the 5@ chéstk StatiohOBhé NRandthitsl a Wat® Yacketdft. theNIFS time 1 as
therefore waits IFS tine 5. The second client station

H
usfBidc ol 8. Mo, Mooy PRI 1 BRa R g he it
and e cHoushE s O A L bR i1 s
. stations reuse the IFS time 2 of the second client

ilustrated 8h269 (T8e sasond igshpiatipn franshiteA data packet after the IFS

following the transmi ssion fromthe sixth client

time Qaas diustratesl at 270. cThe fourth giendrstatiomdoes Nad praperly receive
packet after IFS tinme 5

the data packet from the second client station. Therefore, the fourth client station

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

the sixth client station reuses the IFS time 2 as illustrated at 274.
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as illustrated at 278. The IFStinme 5 is equivalent to
the group IFStinme IFSG3 plus the increnental delta
time Al as illustrated at 279. [0124] Referring now to
Figure 11 D, the timng di agram 250 illustrates the

op j.on of e client th \, e
?@dé cli eﬁ‘# erdPgt "oNs gt bg‘{réaﬂgﬁﬁ tﬁ] gt(?Bhgt E@égrgﬂ'n 250

netvvork In the present exanpl| e, second,. clie

llusEietas 816 i0perataroREdhe (Gliant SataMsGdi eyaBl 4 maliple clent
first, third, and fifth client stations transmt data

statiomsidet Botsroperly heceaivesatdate packet femma corsespanding glientstation
exanpl es. The fourth client station does not receive a

in adpiegegimgkgioubt om thee present estanipies thesfoatthpfifthaadd sixth client
therefore transmts a data packet after the IFStine 4

statthsidd Héf prapefly 26ceiBd thd Bataspadket tlone fHe i ¢lidimt station. The
receives the data packet fromthe 43 fourth client

ﬁrstsér?(} Pﬂf& Fl?ém dtStiGHY Gsé c?hé mt\é“’] & getsbl'l’ﬁ‘ecff aBbyé hEHowever

I ent station lustrated at 282 0125]

the Ff@ﬁwhg@n? S goes’ w‘“oﬁrpfrpé%%%éé‘yé‘?g% 5t RekEf R R thira
client stations cone_awake prior_to receiVvi
clieptestation..anghtherefore waits {F Sitispe So6The sreand giant t $tafiangwaits IFS

receive the beacon signal. The beacon signal includes
timel &, avhithtis sbodenithars IIGY dimpe &hd Thereforesrthedsenand eligntstation
nunbers for each client station as described with

preémbty e @ifthtclieht gtation add\ ttamsmighaftdrdF Sisinvee Rl asdllustrated at
correspondi ng default IFS tines according to the

2769r'ﬂ\’é’fdtﬁt$ AndBixH é'ﬁierftfs@atldh@‘.rréﬂgé‘lﬁé IFB:tifr 2 bfthe second client
Alternatively, the group and station identification

sta Eftértﬂ%%éﬂs‘ﬁn@é@h%?ﬁuﬂBf?éeeﬁlla g dgttFéds‘?ﬁ‘i sion from the

stat’ion determn receive a

sivth (clphOREaR, e TECHER Satstrafiis bl i e LAfen Dl 5
and received a_data packet fromthe cli ent statjo
as iflustratedatdis- er@dEﬁq@ngtfats e@uivalent to the group IFS tlme IFSG3

plus the incremental delta time A1 as illustrated at 279.

[0124] Referring now to Figure 11D, the timing diagram 250
illustrates the operation of the client stations in the event that one or more client
stations stop transmitting on the network. In the present example, the second
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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identification nunber in the imredi ately preceding
group. If true, the nethod 290 continues to step 300.
If false, the method continues to step 302. In step
300, the client station reuses the shortest IFS tine

oufl TR S R R S B St

uccessfull recei ved a data packet. In step 302, the
as ilysteated 8t 2820n waits the default IFS time. [0126] In
step 304, the client station determ nes whether the
125]ne of Refensingo®mwto Eigape 322aithirdi[FS timet selectiarhmethod
nmet hod 290 continues to step 306. |If false, the
290nbeding i Hep @V, nle Stém 294e the@fient Statibry e dwkke prior to
client station determ nes whether the transm ssion

recelwiflf LﬁnUe‘écBhel?anérﬁls‘sfdhe I @eﬁ%o‘ihg%?eﬂf‘ siéildﬁsnﬁedeﬂ/e the

step 304. fal se, the nethod continues to step

beaé&ﬁe s@;ﬁ‘al 368:9({'%& %@@6 .ﬁapgg«% gf thlh{a?%%;%gﬁ H?%ldfé]‘p and

statpgcaspprq%ﬁmsé@ﬁb% i arth L 8 b i i rteronce

ther the client, station has received  data packets
leefﬁsaﬂﬂﬁ‘otthaugg 5 88 awetnas i eprEarPoRding «efault IFS times
net wor k, and/ or whether the beacon interval wl|
accerding ¢o shwygroup kS time tphés the naderpeatal ateltantinae. t Altamatively,
318. If false, the nethod 290 returns to step 312

the yndup amdl statiok ddentiffcatior arinissrs arenprl-asgighned.ddn dtép 298, a
al | stations have conpleted transm ssion and/ or the

clieMeRSHh defdr@iney whéthteP |teréﬁ iV&d %aw?%%mnet hggﬁﬁg)g%ore client

continues to step 3 erw se :
O I
stat{oﬁ*t*&'ﬁsréﬁrﬁésﬁﬁnﬁﬁ%&%éﬁﬁ fendicagon stisiar f £ biBiido groun
statio ters the.inactive e. In step 320, the :
andiieBhugd 2588, Sadket o s, Pherd Stging WtRBE opfresbefdiBg station
the nethod 290 determ nes whether the inactive node
identifigation gumber jry theyimmeditely prassginmaroupe Jtiue, ﬁh@rmethod 290
subsequent beacon intervals and returns to step 294.
contimudsatasstept 360. If false, the method continues to step 302. In step 300,
the client station reuses the shortest IFS time of a preceding client station having
the same station identification number from which the client station successfully
received a data packet. In step 302, the client station waits the default IFS time.
[0126] In step 304, the client station determines whether the IFS
time of step 300 or step 302 is up. If true, the method 290 continues to step 306.
If false, the method 290 continues to step 308. In step 308, the client station

determines whether the transmission medium is free. If true, the method 290
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nmet hod 290 repeats step 322. [0128] Those skilled in
the art can appreciate that any suitable

i mpl enent ati ons of the nmethods described in Figures 7
t hrough 12 can be conbined. In one inplenentation

referrin i ures 11A.thr u

retuffs B teBia04 of G B BRI Gortites o 8P 288, qnést%e 310,
t he correspondln client station fromthe inmedia 5

the ghientstation westivther i Stipehand hagnethed:2RQ wiurng to step 2%6.
subsequent client station may reuse the shortest |IFS
ti i@12F] anyipister @06y the ickant stationotransmils dedatehpacket. In
t he subsequent client station receives data packets

steg 3d@Q) &hé nethodd29Q deternmines whddhen thie cliéntt station has received
subsequent station 45 does not receives all data

dat® Eﬁlﬂ@@ frdr all DiRseslienn btatibAs ivthd wirelesk InedRbk, addldtusifether
the IFS tinme of a corresponding client station. [0129]

the B%%ﬁbﬁ'lﬁ‘l%r\%?"\\lvﬂl %@ir@ssoohsAtf]tﬁFé tH@%@Hﬁ)d%@@R:'oﬁﬁMues to step

enmentati ons the present invention are s

Ref rr| n now,.t o o)

stebdl ok FEARhoalinole St P Bl al PEERbs( Aprdpoived.

In particul ar, e present jnvention ma

In qthyr wioEd: il sfatigas t"\%YP biated FAnamigoR Hciar; thegbeacon
of the HDTV 420. The HDTV 420 receives HDTV i nput

intepvaj imtasexpireesodrrthe method 200 gpntinuasstorsieps] 8an@thenmse the
generates HDTV output signals for a display 426. In

methode290pétamentaastepn 812 singineachp cherdsstation attempts tartddremit in
control circuit 422 and/or other circuits (not shown)

thisohahhér. HRT ¥$téi2 8 188 Yhe RIiOSESAtIOR Iehter@ethboihattwsiindde. In step
and/ or encryption, performcalcul ations, format data

s2CRAYH eS80 BA oL A8 idP Yyahes 350, flioq 200
deté’rﬁrﬁge O\élp%tbgmﬁe I?Rér&lvdézgnoraaé/ tl?noe%nbg at tvr\fjé hthr{aasl"r?ethod 290
repeats for subsequent beacon intervals and returns to step 294. If false, the
method 290 repeats step 322.

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

data packets from all preceding stations. However, if the subsequent station
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427 that stores data in a nonvolatile manner such as

optical and/or magnetic storage devices. The HDTV 420
may be connected to nenory 428 such as RAM ROM | ow
| at ency nonvol atile nenory such as flash nmenory and/ or

t her ' I I roni . ] 4
doef B gVt Al TaB B G SR in ot GBI IF £ S reuse
rk jnterface 429. .[01 Referrin to FIG

the 4 e ofa poeganding SIRTSEYAL | rpl oment  and/ or be
implenented in a WAN interface of control systemof a
vell@129] 430. Refersioge now| doreii@si ohdA-1Hy prasiomst exemplary
invention inplenments a powertrain control system 432

implenaéntatiores vbthe present inventiomareoshown e Refesingsnelg te FEG. 13A,
as tenperature sensors, pressure sensors, rotational

the %@éb‘é?ﬂﬁnvéﬂtbh' ik beanpleriented/ifra aAlgh Géfirttiorns telbdbion (HDTV)
sensors and/or that generates one or nore out put

420%30I‘IIt ﬁﬁicﬁlbﬂﬁﬁb?r‘é&éﬁt iASeRitH RyIRPIEheRDaR@/AR B Biflemented

ransm ssi on perating paraneters, and/or other

. contrql. . si I T hi Cle i I :

in A BB SrE HORT 208, A3 BTV 420 RoeRBEIRT input

. inplenmgnted i.n pther, conirol systens 440 e .

SIGA i, PERGS8 WITaEOF RIS Syt #P3.aPRigioR HDMLgutput signals
receive signals frominput sensors 442 and/or out put

for aodisplaly 42@nalns semeoinaplementatianso signal pregessivg 4iueuit| and/or
sonme i npl enentations, the control system 440 may be

confral tcirobit 4R rand/drookthérr eikeuity $ycit showdBSf, the HDTV 420 may
navi gation system a telematics system a vehicle

proéédse tatd, Coerfor &udiry lardfordenerypliore, pEFd®M calculations, format
adaptive cruise control system a vehicle

datg%%ra%aﬁgs lalﬁ@tﬁg; ﬁqéﬁgf gr\fm@éésir@wﬂ%t RAYRRE tequired.

I SC an enentati ons are

Thqfﬁﬁmh%ﬂgq%oﬁﬁk’emﬁpwﬁ%t rain control system 432

[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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mass data storage 446 that stores data in a

nonvol atil e manner. The nass data storage 446 may

i ncl ude optical and/or magnetic storage devices. The
powertrain control system 432 may be connected to

R i i B, AP, ORI S o

el ectronl c data stora The contr ol Sy
sengers RGBT Ay ODEDSORADIE.SRIENS BRI (et SaRBRR(Ss: GG oF ore
WLAN network interface 448. The control system 440
outpuiy cantsel isignalelesuris asdfnging QRAsatingrepdRMelRtH: ofragsmission
W.AN interface (all not shown). 47 [0134] Referring
operatingt parfaniteds3 @nd/dreotivee control sigaalsi ohhe arehigie 430 includes a
i npl enmented in a cellular phone 450 that may include a

pomlshab@ugg]tenna 451. The present invention may
|rrp ement and/or be inplenented in a WLAN interface

ébf?f]cel | ube Elré%!é‘?lé‘*ﬁ@ent'd?\ ﬁ?é?alé@b@”ﬁ%léhdé?ﬁéd in other

| ul ar phohe I ncl udes "a m crophone 456, an

.0 .0utp /
conﬁaf statSlfisciho Y dns “&Eyﬁéé%@ﬁﬁ éf&gﬁf‘aﬂ’ngéftﬂ@%&bﬁmﬂ ikewise
recaiHa Al G gk SEATE 2P alar et ts“@r%éd?'é? one or
control circuits 452 and/or ot her CIrCUItS (not sh b
moteroutput devices 444 phosemesistniemeniationssthegeanirol ﬁuﬁm A0 may
codi ng and/ or encryption, performcal cul ati ons,

be part witardantilcukdbrakingesystem MBR), aceavigation pystem, a telematics
functions. The cellul ar phone includes a power supply

syst“e'f'ﬁ a VOARH teldihaticd Systém, Bhane départumysystem) ah elaptive cruise

mass data storage 464 that stores data in a

con%wgét@ﬁi laevéma@eﬁrﬁéHSﬁ\ T %?Eie‘?ﬁ%uéﬁ‘ S50 ste‘i‘@@ NBYDE compact

e devi ces e ce phone 450 may be

BB 6 SR e bt | e

[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 nonvolatie 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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and/ or other suitable electronic data storage. The
cel lul ar phone 450 al so may support connections with
a WLAN via a WLAN network interface 468. [0136]
Referring now to FIG 13D, the present invention can
be | SRl enmen et,t b 4 The esent
e el enaff 1o, 57 Y365 P PineRt S¥dio can be
. WLAN i nterfa e of the top box 48 The set
implesmentad in & ce \’/'@E P§‘P§ §(§ ﬁh%nﬁ“éygaﬁ'id & a geflulgs a&‘tg"”a 451.
broadband source and outputs standard and/or high
Thed gresenti igveatien omay disaplsmendl and/ar thevlimplesneatedi yp| ayWLAN
488 such as a television and/or nonitor and/or other
interfade of ¢ralteliulauphane4bputin demeciasple@ngatipms), the cellular phone
processi ng and/or control circuits 484 and/or other

450CinEides S frilcrophbRASEDTan ddtho Rit dpllt04583§ﬁcl4r&@ d'8peaker and/or
process data, perform coding and/ or encryption,

audgfﬁgt}iug‘éa&@'é H[ﬁgwme@) anRldredn i o%“viﬂeoﬂg?%rufgggég 8"Reypad,

t op function. The 'set top

. q.cl T ,
poirfy #ﬁ@ﬁ%oxﬁ%%%ﬁéﬁ@} m‘éﬁc& gt idpucBEySE. §BBfRlpcessing
tore ata | non |Ienan The sg dat
and o) ch@ltszg$2 gﬁ,pﬁrgg S ép& FBPWHgg'hBﬁ gelﬁjlar phone
st orage devi ces such as hard disk drives H DD and/ or
450DvBy . propess data, qierfasmn aedingegndser epenvptiemdperdon galaulations,
494 such as RAM ROM |ow | atency nonvol atile nmenory
formsatctiatasard/as iperfermr gtheacéllaar phbee fanctiatd. e Tdleeceliubari phone
data storage. The set top box 480 al so may support
incla@e¥a Powt Suppliyds8. W.AN via a W.AN network interface
496 0138] ile the present invention has been

3@1 ged i n bcelgtgé'lI ?ﬁbné’ 45;@&%%&&@%&4%%3 data

802. 802. 11n, 802

o, 598 5 shFse A SRRl e BupE e 8Bibdl anavor

magnetic storage devices. The cellular phone 450 may be connected to memory
466 such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The cellular phone 450 also may
support connections with a WLAN via a WLAN network interface 468.

[0136] Referring now to FIG. 13D, the present invention can be
implemented in a set top box 480. The present invention may implement and/or
be implemented in a WLAN interface of the set top box 480. The set top box 480
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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[0139] Those skilled in the art can now appreciate
fromthe foregoing description that the broad

teachi ngs of the present invention can be i nplenented
in a variety of forms. Therefore, while this invention

ol Bl Etbng SRGIH ST FAIRCEE 8Pl P B Pt shown) o

e ST Pl S o fes S5t e Coabapp bt Shep oy zsriom
a study of the drawi ngs, the specification and the

calauiatiopsi fgmat siate andorqoesiaum any ptherset tap bex égrction. The set
network device in a wireless network that includes a

top bbxd8Diihgludés ai pasverssuppbt 483.k devi ces, conprising: an
RF transceiver that transnmts and recei ves data

pa‘{ﬂﬂﬁ and tripat sep%ﬁ) asbyC Aigoy Mdyaﬁémrhéni@été Qﬁt?l! Yiess@ data
beacon; and a control nodul e that communi cates with

sto%gé.ﬁ% {Ha"l”s%l?s‘a’l&{g}gf ihzﬂnolnggfatﬁlfé;ﬁﬁe? e PEsSHAR storage

sition man a ased on the

490, RS Pt Opfal shdioR MEBH, siorace MR shilf F hard disk
arivip MO8 Zanglon BVl | Fhecset Bbaa fpb iR b Rl thahemory
RF transcei ver does not receive a data packet from

494 suchsas RAMWROM clow latenayr nonuslatile memomhsuch asiflash memory

network device of Caiml wherein the second IFS tine

andicr othes sulitableoeleetronlc tata btoragd.auThe ISEStop romx 380 Eiso may
wirel ess network device of Claim1l wherein the RF

S REREFReVE TSI ANV BIGRRBhyf lgig, g

‘é"i ggj\ll\ggjs net YWhite ARY%! preddint Gndetich THYES Heent YEREHBEAY%n 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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managenent nodul e that transitions the wreless

networ k devi ce between an active nobde and an inactive

node. 50 5. The wireless network device of Claim4

wherei n the power managemant nodul e transitions the

W rel ess network device tC?_ IQ&Mactive node prior to a

schedul ed beacon tine. 6. ﬁ\ rel ess network device

of Claimpb5 wherein the power panagenent nodul e

t r dnsi t Adlirst W@'Qﬁsrr@t‘é@ék FRMIGR ka wirgless nefwoRethat includes a

inactive node after the RF transceiver transmts the
plurglity of pérsitess network devieesseomprisingk conpri sing the

w rel ess network device of Claim 4 and further

conpr i sanRNtransceigbetat transmits anerieceivesidata packéts and that

power managenent nodule transitions the wreless

penBQkWﬁaﬂ@h‘xitﬁ%rtr@célV@s hibeatbneampde after all of the
N wirel ess network devices transmt a data packet. 8.

A wirel %S&&Qt%‘iw I%ﬁﬁﬁi ﬁérﬂgnlbgfés%liﬁ I@RFQ?&MNH that

devi ce of arm er conprising
oordi nat or. _devi ce that peri,odi,cC ransmts
detqf s fnsAuSsN posHion P and 2 6e%HI¥§F§ntFB?Q§§ 3
device of Caiml1l wherein m2 and the second IFS tinme

beaggn etaabﬁelfaetsaa aesend tFS figewhen Hie RRdranscsiygr rpeeiyesa data
network device. 51 10. A nethod for transmtting and

packetdeomiangeanndawinelens actworkideMiceeh@dng arteanesnigsidewdasition m-
in awreless network that includes a plurality of

1, and tiedtesedecte the disfaulieiSctirae whenmothesRR dransceivendobés not receive
and receiving data packets;

a data packet from the second wireless network device.

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

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

3. The wireless network device of Claim 1 wherein the RF transceiver

transmits a data packet after one of the default IFS time or the second IFS time.
4, The wireless network device of Claim 3 further comprising a power

management module that transitions the wireless network device between an

active mode and an inactive mode.
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periodically transmtting or receiving a beacon;
determning a transm ssion position mand a default
IFS tinme based on the beacon; selecting a second |IFS
ti me when the first wireless network device receives

at a cket from nd w Iess networ k devi ce
o Theitelhs Befudikfaica'bf Clalig % URbHEA P?W&rt he
default IFS time when the first w reI ess. net wor
mangganent meduledmnsitions; the Vﬁ’Qi%?sanMEﬁeﬂCGﬁPtth% a§8\6% mpde
W rel ess network device. 11. The method of Caim 10
prionteea echediledwason tinfs tine is | ess than or equal to
the default IFS tinme. 12. The nethod of C aim 10
further conprising transmtting a data packet after
one of the default IFS tinme or the second IFS tine.

13.6. The TR Wirdle8$ neh@drk devidelbit OlRim GOWREFH Bt power
transitioning the first wirel ess network device

man%?ljeé’t‘ﬁ&ﬂ lﬂgd@%ttgfﬁﬁmﬁeth@%re?@sé Hﬁﬁ\fdrx %evﬁg% tRE indttive mode

I'm 13 wherein the step o

aftel HOREeheRisy Hansbs nb SR boGR U2 todie prior 1o a

schedul ed beacon tinme. 15. The nethod of C aim 14
wherein the step of transitioning includes
transitioning the first wireless network device to the

i ndet i véA wiratessfnesworkheornprising the wirielass nefwads deviee iof €laim
transmts the data packet. 16. The nethod of C aim 13

4 andhfurtrien cohmprisingeNet wiretgssardtworicdeviess Whevein ¢he pewer
net wor k devi ces, the nethod further conprising

maﬁé@iﬁeﬁﬂ ABHOR trisifidrisSthe Wﬁéléé@ﬁét\ﬁtﬁk mweecte\thé fhddlive mode
the inactive node after all of the N wireless network

after all of the N wireless network dewces transmit a data packet.

8. A wireless network comprising the wireless network device of Claim
1 and further comprising a coordinator device that periodically transmits the

beacon to the RF transceiver.
9. The wireless network device of Claim 1 wherein m=2 and the

second IFS time is equal to a default IFS time of the second wireless network

device.
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devices transmt a data packet. 17. The nethod of
Claim10 wherein m=2 and the second IFS tine is equa
to a default IFS tine of the second w rel ess network
devi ce. 53

10. A method for transmitting and receiving data with a first wireless
network device in a wireless network that includes a plurality of wireless network
devices, comprising:

transmitting and receiving data packets;

periodically transmitting or receiving a beacon;

determining a transmission position m and a default IFS time based
on the beacon;

selecting a second IFS time when the first wireless network device
receives a data packet from a second wireless network device having a
transmission position m-1; and

selecting the default IFS time when the first wireless network device

does not receive a data packet from the second wireless network device.

11.  The method of Claim 10 wherein the second IFS time is less than

or equal to the default IFS time.

12.  The method of Claim 10 further comprising transmitting a data

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

13.  The method of Claim 12 further comprising transitioning the first

wireless network device between an active mode and an inactive mode.

52




14.  The method of Claim 13 wherein the step of transitioning includes
transitioning the first wireless network device to the active mode prior to a

scheduled beacon time.

15.  The method of Claim 14 wherein the step of transitioning includes
transitioning the first wireless network device to the inactive mode after the first

wireless network device transmits the data packet.

16. The method of Claim 13 wherein the wireless network includes N
wireless network devices, the method further comprising transitioning the first
wireless network device to the inactive mode after all of the N wireless network

devices transmit a data packet.

17. The method of Claim 10 wherein m=2 and the second IFS time is

equal to a default IFS time of the second wireless network device.
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