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infrastructure node or an ad-hoc node. [0004] In the
appHieatigns yetineernasaled hereiny esfersnaeet wor k devi ces . or
client stations comrunicate with each other through

an access point. In the ad-hoc node, the wireless
net wor k devi ces conmuni cate directly with each other

and do 1 X111111 FHEIDIGE HHE INVENGION 11111 1111

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

improvihg 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. Adcording 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 wi;eless network devices or client
statioﬁs communicate with each ofher through an access point. In the ad-hoc

mode, the wireless network devices communicate directly with each other and do
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*000002* . not enploy an access point. The termclient
station or nobile station nay not necessarily nean
that a wireless network device is actually nobile. For
exanpl e, a desktop conputer that is not nobile may

[ rat 1 rel esscnetwor k .devi.c and_operate. as

o} IBY & Befedt PRI T S 55FanaH Bl A may not
- network that operates in the infrastructure node

- neciesae nean Hidd &Wirplssameivpik dgiicets agtHaly ambile; ifaiexample,

station that comunicates wth the AP. For exanple,
a derktop cemmdenthaits Rohmpbile enay ncorperate afwirsessinetwark device
- node. Since the client stations are often battery
andoyparaty, as b mebileptatioandr dlient siationi ze power

consunption to preserve battery life. Therefore, sone
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act ietve, }cs) ' avvz;ke, " mnmode. Duri ngpgt he aig?im%e%n%ﬁrmc%rg mode
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coppopent s and/ or, alters eration to conserve power.
Wil A FoleEmalg: 1e Wielses Betierk MivoRerats hahimiastructure
receive data during the |ower power node. [0006] _
mede.el dgentheneslientdsiations arayofien ibailesyreavearedy itais important to
systemon chip (SOC) circuit that includes a baseband
mipirnizespowef BBRsuMptivadiou preseres Datteontlifel | Ehierefd¥e) some client
device, a host interface, and one or nore processors.

stAtidHESimplEATERH A BEWEr hibde andidreheme, Brt4Rbke 19¥bEE. During
via the host intertace. The SOC circuit may include a
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PR iR Ston sl RERn.carBb e @riian Atgra geration to
A power nanagenent device controls and sel ects | o
CORSET BAYer-o épaﬁyvﬁge (FIaBkstatiop ig net akigitodtansnaher receive 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 includés a baéeband processor (BBP), a médium access
controller (MAC) device, a hbst.interface, and one or more proéessors. ‘A host
communicates with tﬁe wire|e§s network device via the host interface. The SOC
circuit may include a radio frequency (RF) transceiver. or the RF tra.nsceiver may '
be located externally. The host inferface may iﬁclude a peripheral component
interface (PCl) 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 |l 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,
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is illustrated in an infrastructure node as defined :
Segial| Nee. g¥6%9.887d Wedeont fugust MBr @068s staUGEE 252, filed on
The first wireless network 10:i ncl udes one or nore

September 16 A008nant2! HAA0 #8d filedreT Maacl 252008, RitcH é?é hereby
14. The client station 12 and the AP 14 transnmt and

inc&rperated Wy referehcsiwfdisedfretylhe AP 14 is a node in a
network 1 The network 18 rray be a | ocal area network
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lnternet. 009] The client station 12 does not
W'E%r]ﬁ\?‘% ﬁ@lﬁiﬂr St r R Arst whelgssonelwork d@einghidg:st anerammore client
the AP 14. Therefore, the client station 12 inplenents

statigrsné? anéamer@smnmjecmpmhts ARet. Thatdient dtatisndi2 and the
the AP 14 do not have data to exchange. Data commonly

AP etitramsiit aet fgtevenQlirateds Ginak ABGEJTHEr APN4d is a node in a
anount of tinme before it is dropped. The i ncor porated

| ndtiwB 9Bantpé %t\%ﬁé"’lgﬁna?k% %plevﬁlt leé’ ﬁ/\&f en(p ¥ e\nge area

station 12 to inform atl

ekl S (AN o BoBont hARERK rR %urgﬁpad clns pPRierkC18 may incluge

d Af t t n he AP 14, the client station
othSF rttes; BlibRead' & ST 2 Goromatohe cpuResgd: it 3 cistributed

power peri od, the AP 14 buffers data that
' communlcatlons 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 clieht 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
emount o_f'time before it is dropped. The .incorporated IEEE standards previde
the opportunity for the client station 12 to inform the AP 14 when the client station
12 is entering a low power mode (and will not be capable of receiving data for a
predetermined period). After notifying the AP 14, the client station 12 transitions

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



3 is intended to be transmtted 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
t.hat P 14 has,dat clie sfation 12, or

'S iy ”5’85 i@g@m'ﬂs htl‘ C‘FlleéﬁtSt%ticH} qé &9 lowimactheclow power
it has data to transmt, the client station 12

Periacaithe cheri stationy ke pAveEs uprand recgivessbaacom transmissions from
enters the | ow power node again. [0010] The AP 14

thatAR gt sif the treanenittarsnhissioos iadicatet tag ¢te PFaddrhas data for the
transmssion tine (TBTT). Before the AP 14. sends out

clienbeestion 2 a0s the Hodh prot&ssohRbflthedSlict Nit86SN WH&?‘{Tates it has
ot her devices are currently transmttlng data so that

dRERE irAMiC B%e Bfiénhtadthfon 92Lh§ﬁ1 Et‘?\}ém()g‘letW?e %{a g:ﬁé‘nt station

station 12'transitions |vem) 2
queue framss to transmt to the.
153\%&%2&'# @Eﬁ#‘?’éﬁ" q‘-ﬁ@%‘? Bt el y follow ng a beacon
tra 8 the AP 14 can exchange frames with one :
E@B& i| i e Sfai foridenmpts o Hransmst ai bragarc abedtarget beacon
For exanple, the AP 14 and the clients stations 12

trapgmisgiohalige (A8 )adBefode tine AP 1%i sanddi olitsa deacon transmission,
Mul ti pl exed (TDVM) protocol. The use of TDM pr ot ocol

thei AP 4 éeteroihés sitmthet btHerndoviesse Hre Wbﬁ@nﬂ{ﬂetré?fsnﬁiﬁfn% data so
of the client stations 12 attenpt to transhmt data t

thiabetHP dle@lo'éb'ﬁ#éta@i@%@ké the RSRYSK, fen‘f‘”sfaellq%sﬁ transitions to

networks that are located near the first wre

cor.di n
S s PRt R B By gt o e
C en the er W reless networks an
AR itiEo icedigtal T0ibyite ExpeacpruiransmSsion, the AP 14 can
inplenmentation, each client station 12 nay wait for a
exlieasm FRIPes Withrong of mare glient stations 121h @ detedoimistic order. For
period, or backoff period, reduces the likelihood
examplemfhe AN &4 andethe dieats stations 112 il exehahge tdaaa Sigtbrding to
Time Division Multiplexed (TDM) protocol. Thie'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 opérate 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 béckoﬁ 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 l'i sion avoi dance over a wireless network that
inplenents a pure TDM scheme when nul tiple networks
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certa a i ca ns | 1i sion avoi dance is
peelppthaéﬁmprﬁg?d ERlisfeavaiF S OUeT S i aes eork that implements
exchan mul ti cast data typically do not include a
a pyEs thi a@h@mw whgendsttiple awtwpeks enisbtinean vayetdsepping region.
transmtting station does not receive acknow edgenent
Hdwevararansios biackof tat idoes tnod iguahentdetcllisien avoidanté.y In certain
received. Further, as a result of the random backof f

appficatists, doligidr BRoitiafbé r@@nﬂ@él FFbr e)‘éérﬁbleoﬂﬁrélé‘sé R8tworks that
wirel ess network to conplete a set of frane exchanges

e%cﬁan%é‘%ﬁl%% Qb dh%oﬁé) {fﬁég&rh&glrﬁ dQ Bbglﬂ{lg %ckn%wledgement

second w reless ne opera S In" an

fen{t)Jr ﬁse dvmrs!ess et work. 24 | ludea mul ti

feaitignt st 2WOHAS, 5@ o Uil 1% tS O r 4RE%i tN ndrecelve
receive wireless signals 28. = The client stations

acfgowledggnze ntfremog 1 @C%B'I”Qeﬁﬁt'@é |ﬂyaﬁ° henslatagwaagosiegtly received.
communi cate directly with each other. The client

Futhetrj @ssa2esult dfetiy ramdord6backatf epemiotsndne simae i leguired for all
connected to anot her network. The client stations

stéfforls i26the, wirelsbs2reBveik ROtcarapletd U Usdtyof ffﬁﬂ?ﬁé" éxchanges is
data to and receive data from each other. The client

,n%ggé@_ns 26 i nplement a power savi ngs node when one of
the client stations 26-1 does not have data to

O STIRGTIA  lh Btl oo 2
op%sg erégtp aé;( ed tag bfﬁefegécgqa talvll% %66&%?1‘3%4' IRC|UGGS 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 cénnected to énothér 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 sa.vings 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 transmits. the beacon to the other client stations
26-2 and 26-3. The client stations 26-2 and 26-3
transition to the active node prior to the beacon .
transm ssion. During a beacon interval defined by the

1.SS} 0N ch cligent stat] 26 transmits
we SR ¢ BBEaR I tae | GRGY qlph BtatRiRanBrae Anheb 3. The client
client station 6 may transmt data sequentially.
St%"@ﬂ%@@‘éﬁaﬁ&léﬁﬁléﬁﬂsﬁqr{ d01te 1actiyet moste gsigscto dhe beacon
the present_invention, there is provided a .wreless
transmipsirndeldusiong A beadarelintssvaiedafonedd biathei behcote gransmission,
plurality of wireless network devices, the device
eacbngliens istegiora 6 RFarisnaitss detav By atdegrhin@tisorder.alFbr example, the
recei ves data packets and that periodically transmts

client §ta66hy 28 rﬁa%%@ﬁiit@étés%qu%%é{l)?' modul e that
‘conmmuni cates with the RF transcei ver, that determ nes

a group identifier and a station identifier based on
t he beacon, and that selects one of a default IFS

time and a seconq,,lF I - n dat a packet
recei'ved. [0015] %H’]Mglﬁ{we%'?ﬁjféj#@%{?&Té@,N the control
nmeans sel ects one of the default IFS tinme and. the
second I FS tinme based-on the data packet received and
at |l east one of the group identifier and/or the

st at[08h4] derini 4 ifest adpectsefctived présent tihvention, Ithefe ih@Rovided a
or equal to the default IFS tinme. The control neans

wisésy netvestk devifeliPa WIS hefwork aRst iRcRidtiPPlurality of wireless
identifier y based on the beacon. The contro mea%s :

neRDAC YRS, S ek o e KO Ak aler KBk s anc
oS54 BEBRAE HBC B PO RaTL Bob s oSt s and
co%grtpﬁépq%tﬁg%gé ohgy%ﬁéi%ig’yegwfghgmeaRsl:egrgggcg}{/éfltﬁgts determines a
group identifier and a station identifier based on the beacon, and that selects one
of a défault IFS time and a second IFS timé based on a déta packet received.
[0015] In still other features, the control means selecfs .c'J‘ne 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 th.an' or equal to the default IFS time. The control means determines
a group identifier x and a station identifier y based on the beacon. The control
means selects the second IFS time when the data packet is received from a

second wireless network device having a group identifier x-1 and a station

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



identifier less than x and a station identifier y. The
control neans selects the default IFS tinme when the
data packet is received froma second wrel ess

network device having a group identifier x and a

i.on_identifier other an 0 n still other
p%%lﬂgi S et o8 | 2 esian Nrefsss paboh degicsupaving a group
entifier, adelta IFStinme is based on the station
'd?'ai 6 lesethan ngapd e gtatian identifier yi mehe soatrolimedng kelects the
: %rou IFS time and the delta IFS tine. The device
defaulhdmSt §men wham thacttata phtket neecdiveddraraf aubécdridS wireless
time or the second IFS tine. The wreless network

neteoricdevive hia®ingcd gRdu s RiENBIABEX aRBNASRNBAIdEMARS Jtér than y.
transitioning the wireless network device between an

act ifpe1gpde | @Rl Ahet RRRLIeLE d{‘ﬁﬂﬁ:\ﬂ H?tim ased on the group

managenent means transitions ess ne
t h | ed
OGRS SqIQI R & IRIR BN B ARdh TRRRRL A BES Baun e
it S5 B PREGATE o ot Bl 0B P50 oo v
second aspect of the present invention, there is

a detn irgslietaatiet nag (PfthQ defaiy thS dighewod thec@omnniglﬁﬁamme The .
wth a first wireless network device in a wirel ess

wireles®r retwoak devitedésgtheerpicomgirisey pbwer r slaeagenaintormeans for
devi ces, the nethod conprising: transmtting and

trerriﬁrtmmmgjighéatmireiiltzi&keii&worlq!JQfeaivi&aI GRWeh A siithviel Pody and an
-recei ving a beacon; determ ning a group i dent I fier and

indctplediniode. "ﬂi@é‘bbWe@rmgg%#n?E Hé%neet?agﬁ;gh e wireless network

sel ecting one of a de a second
d receiv [[0018] [L.n stl
dE tgali% geHeé g sﬁﬁéi‘ii dordiaitihg racancbme The power
one ,of the default |FS d t he second
migaSehREPmeEs (Hnsitt ieVisslers etk diamtp theinasive mode
| east one of the group |dent|f|er and/or the station '
aftejdhe device, traménits the data packet.

[0017] In a second aspect of the present invention, there is
.provided a method for transmitting and .recei_ving data with a first wireless
network device in a wireless network that includes a plurality of wireless network
devices, the i'nethod comprising: transmitting and ‘receiving data packets;
periodically transmitting or receiving a beacon; determining a groUp identifier and
a station identifier based on the beacon; and selecting one of a default IFS time
and a second IFS time based on a data packet received.

[0018] In siill other features, the step of selecting includes selecting

one of the default IFS time and the second IFS time based on the data pabket



second IFS tine is less than or equal to the default
IFS-tinme. A group identifier x and a station
identifier y are determ ned based on the beacon. The
step of selecting includes selecting the second IFS
hi t .S ived froma. secqnd.
o B N G P e Bloul oG Ao [ AeREioR0er. The
tation identifier he step of selecting N
sl s dhde iCfhb 180 ot ChiabihirasToif ieS ivem Prarcdaridentirer x
cket is recejived froma second wreless network
arfe @ s@tionddeniifie yrasapdetgeminad basedan thewbsacand The step of
station identifier y. The step of selecting includes
seleqtingt innjudease setdcling: the-Seadomd VW ntirhbe wiheina tihacdgts packet is
- received - froma second wireless network device
rebeived §rom grseepnddeintlets eetwoktbvicshalihgs gidipnbbhtifsr x-
other than y. [0019] In still other fea?ur%s, a grcl)uprx 1 and
a kfabioh entifierogs ephstéh & f ing indRAs 4 i t
IFStinme is bgsed on t%e ;ﬁégc%kﬁgwﬁ i|ngllent |Sf %%%Ft'@gﬁ% hs%cond IFS
def [ LS:.a f e_qroup |FS tinme and )
tifep S} 1S Pt PREILE I RN (bl o oo plespepgiwork device
fter one of , the default IFS tine or the second IFS"- .
hf¥inda SR dariiefiess dBan voehgr R etoradeatiier y. The step of
ransitioned between an active node and an inactive '
SeiRARY inplades splesting the defauhifftimaovheretha dataspadketisgceived -
the first wireless network device to the active node -
frainiasecandawirelessuneful doke devicet haning Bhgrosipeideafifier x and a station
transitioning includes transitioning the wreless

idewtifispotheldaeg. to the inactive node after
transmtting the data packet. [0020] In other

[Cu0RS) SR REAETISHBEY 6 M PIEST o grouo
OBEHEP 5 SUEES BT At 06 1pd SEAIH BBafidE 3 me erut s
ting 4 2t Bt PP S e, SR A PIRG e, A cata packet is
“transmitted after one of the default IFS time or the second IFS time. The first
| wireless network device is transifioned between an active mode and én inactive
mode. The step of transitioning includes trénsitioning the‘ first wireless netwdk
device to the active mode prior to a scheduled beacon time. The step of
‘transitioning includes transitioning the_wireless network device to the inactive
mode after transmittihg the data packet.

[0020] | In other features, a computer program executed by a processor

comprises transmitting and receiving data packets, periodically transmitting or

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



- based on a data packet received. [0021] In still other
features, the step of selecting includes selecting
one of the default IFS tine and the second IFS tine
based on the data packet received and at | east one of

t rand/or th s Lon identifier
ot 8% %c“oﬁhaa"rfc‘éé l6cTlboT8™ 8Le' iahitg Schimar s 2 pebond IS time
def.aul t roup identifier x and a station .
bE\S&Qrﬂﬂ@d@F 9aﬁlf%t r&é?%ﬁ?ﬁ ned based on the beacon. The
step of selecting includes selecting the second |IFS
ti rre[omﬁbh t He stilitethpudeaturess theesteipvetl selesting includiessselecting
net wor k device having a group identifier x-1 and a

oret af thendefdeitit IS Emeyand @B ZecbndSFEI imet theged atthie &fkata packet
‘the step of selecting includes selecting the second

ret&iBed iame atheast dike datie @ﬂﬁlﬁﬁﬁehﬁfléﬁéﬁd/&?%é §fé’ﬁbﬁ identifier. The
wirel ess network device having a group identifier

se'c%ﬁé |ES& M lé"'&g%éﬁ@r' al ff édf%};lgm:?q?"&_% ?\eﬁ%ﬁf i ﬁntlflerx

selecting 1 nc es sel |ng

Js received ma,wre S netwo
aﬂv. LB Il fer, 7 15 ‘atSHPf'}ﬁOQ?’aQ?lﬂoO% & Radgn.  The step of
ntlf othrthan A group IFS tinme is based on _
'“Qr HIP@JQ" ?C’rtl&g 'ago%qqoé‘dl #‘gstt"ﬂ?@ wherpdRedata packet is
th.e station identifier, and the default IFStine is a
regeivedffremeagwisaless| retwarkedeick thayindelat grdugSidentifier -1 and a
data packet is transmtted after one of the default

statis iemifieryt he second IFS tinme. [0023] In still other
" features, a wireless network device is transitioned

bet poeR2pn &t kiilv 6tHEPdEatRRsk, 3Re ISASS b ¥8leBR 1ncTL5H'é§§&ecting the
of transitioning includes transitioning the wreless

hB’OFF‘S Sﬁ’(é Ghd® thBedEt‘%t QX&&DQ‘B &{ Iy tfr%ngrﬁ £?lgreless network

edul ed beacon ti1ne ste ransitl
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selecting includes selecting the default IFS time when the data packet is received
from a wireless network device having a group identifier x and a'statiori identifier
other than y. A group iFS time is based on the group identifier, a delta IFS time
~ is based on the station identifier, and the default IFS time is a sum of the group
IFS time and the delta IFS time. A data packet is transmitted after one of the
default IFS time or the second IFS time.

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

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



[0024] In other features, a wreless network device
conprises an RF transceiver that transmts and .
recei ves data packets and that periodically transmts’
or receives a beacon. A control nodul e communi cates

i h t sceiver, determ nes .a default o

SCWE{’Q'F%% gﬁgg%%at@ﬁgu 8P plake 0@2%%!&?'%9{"?9'énclﬂésﬁotﬁ?nﬁﬂamng the

that selects one of the default IES tine and a second
wifgiess p qrfﬁéie"'qestq thednadilye mpdeqiter tlepsmiéingdhadata packet.

I FS time based on a nunber of data packets received-

af t dPORAL blnoder feabzsp, enwireless retaork eleviceheotpaises an RF

i ncludes data that is.indicative of a transm ssion
transsetvieonthat f bansrhits vame | exeivest \Watk pgskete. afdethat periodically

control nodule selects the second IFS tinme when the

trdfsniitsa06 CetaIREs EBEAYRS TR’ %oﬂ%ﬁnﬂﬁﬁh@tc%mmm%e‘fé’snwfﬁ' the RF
nmodul e sel ects the default |IFS time when the

[ r j fewn h \ agket s,
rarSERER, MBleriifes t SRIGE IhEHFAmE 8Bads res) ﬁgﬁeufveaksed on the
' u tinmer hat is . reset when data packets
beddfy 83 0SSR B of LCielebin PRrime itk 3ecaRadr S time that
. cket after qne of the default IFS tine and the '
s I o'i‘&nlcr‘-fse%%i@ the sefait It hesed @pciInembeatof data packets
. transitions the wirel ess network devi ce between an :
regeived @ftebifee bpacem inactive node. The power nmanagenent
nodul e transitions the wireless network device to the

act i[0625pdelmpother féatutess the telaedn esig@es HaEthat I Rdicative of a
. power managenent nodul e transitions the wirel ess

trat@higsibn dsodiich te fbhehe IIAGELY $efR9k %fe%ﬁé. tEﬁe%:ontrol module

transcei ver transnmts a data packet. W rel ess

ST & s&@@i%ﬂ% ﬂg}et \W%Wﬂﬁg | ﬁaﬂ%&e%'}ev\%rl;@%g\é/i?%ggfsf a%}r?:;r)ackets.

conpri ses WTeless . _

TR ¥ BEOFIE SR deBIY S it alten Yhe Reiranseeiver nas
reg\éi(/gclj gv?/ern t?\ta\plnr%ﬁ data packets.

[0026] In still other features, the control module includes an IFS timer
that is reset when data packets are receivéd. The RF transceiver transmits a
data packet after oﬁe of thé default IFS time and the second IFS time. A power
management module that transitions the wireless network device between an:
active mode and an inactive mode. The power management module transitions .
the wireless netWork device to the active mode prior to'a scheduled beacon time.
The power management module transitions the wireless network device to the

inactive mode after the RF transceiver trénsmits a data packet. A wireless

network comprising the wireless network device further comprises N-1 other
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devices transmit a data packet. [0027] In still other
features, a wireless network conprises a plurality of
the wirel ess network devices. The power managenent
nodul e transitions the wreless network devices to

mdule tr: el ess | : o

witEes TRARPHE SRR, The JPoutt Tmohiapeat |r:pg8§fe\g§(ratr~?{tpns the
. st 9. et

willoss B BirR e e radiigcRean 5T aIcopiNg B Wirpiase network

W reless network devices. [0028] In other features, a
deyjces trAns ik eAAtR P@ekeke conprises transmitting and

receiving means for transmtting and receiving data
pacHB8027hndIn st offerifediuces,| yy wiress mdtworigcomprises a plurality of
recei ving a beacon. The wrel ess network device

the anipslese 51000tk abviaBENST i howdFBhsgémBat WhédulkNRansitions the
transmtting and receiving. neans, for determning a

wiﬁtﬂé@lhbtwdlkedé\ﬁ@?tosR?éﬁwa(cltﬁé)m{)&?‘;aft%?% did?e? tiH}gopitnS network

beacon, and for selecting one o e def aul

I ' [ ss than or ual to
e GeEa e oo chBoisn e Rike Oty Od‘&ggh‘%%'ﬁéwefwork
i fter the beacon, .[0029] |n still other _
e BBy & Boidfiaibnodl Feicitienll st ste peapanitohewiuralty of
-0of a transmi ssion position mfor the wireless network
Wiggigs s Retwiik deyigesel  neans sel ects the second | FS tine
when the transmitting and receiving neans. receives
m 1 [6628] pabikeotherTHeatwwes,r b  wiratesss eletwiosk t levice comprises
default IFS tinme when the transmtting and receiving

tramzaritingasnd EHI@MI@?‘ &R for R siiftindad iy F&‘féﬁﬁﬁ%'datg Bﬁggets and

control neans includes timng neanS for nonitori _ngk
: : L oing, 205, | et L
fof beRedicaNuahShig o /PESUMd # beaRth  NRL AR A RRNGE device
cohiHERd %ﬁ}tﬁ)l LA IGKEEmAUriEatiiEwRh thD etra(jlnesfnzﬁlﬁ!tllr%g LR receiving
ti'ne an e _ _ \
means, for determining a default interframe space (IFS) time based on the
beacon, and for selecting one of the default IFS time and a second IFS time that .
is less than or equal to the default IFS time based on a number of data packets
received after the beacon.
[0029] In still other features, the beacon includes data that is indicative -
‘of a transmission position m for the wireless network device. The control means
selects the second IFS time when the transmitting and receiving means receives
m-1 data packets. The control means selects the defaulf IFS time when the

transmitting and receiving means has received fewer than m-1 data packets. -

The control means includes timing means for monitoring IFS times. The timing
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second IFS tinme. [0030] In still other features, the
W rel ess network device further conprises power
managenent neans for transitioning the wreless _
network device between an active node and an inactive

e e R Sel Wen "RACP R Rbs REE kbRl E*??Bt?aerasamgmg and.
e R 56'3 S g1l S time and the

maat'jzge node after the transmtting and receiving
seeRRALFStiMsni ts a data packet. [0031] In still other
features, a wireless network conprising the wrel ess
net i8PROKev Irc estillurather feeiyres,s d¢lse Nwirelstse networkl eievice further
networ k devices. The power managenent mneans

camp@nesist power t ianage et smeahvofok WeNsifieénihg fHee wireless network
inactive node after all of the N wirel ess net wor k

delfd B&tvelenads Bctivel nﬁ’@d@aﬁé‘é{ﬁehacﬂ_@m et %‘@ tg'i‘{f%rgagement

means transitions the wrel ess networ

m{agﬁ@t}a\ﬁ%ltfl‘)‘ﬁgeﬂ?gm elddk n%lt\ﬁ%@(aﬂg\é‘lgp ettoI net rk ; o[PrIOI' to a

S greater than a argest
E \éylrel ess,. netwqrk devices is a coordi nator that
S

REH9Y ignsthe ROWRE MANRgSR &N MAaNpFransitippg the wireless

W rel ess network devices. [0032] In other features, a
netweHodeYise to rtﬁﬁéﬁﬁﬁfﬂer@(&@daﬁ%rc eviragsmittiag anid teceiving means
wi rel ess network device conprises at | east one of
transamtong datanpacket. recei vi ng data packets, at |east one
of - periodically receiving and transmtting a beacon,

det 0081} ngirastiieber featurey, fa Wﬁ@le%@&mbﬂk’:c%mbhﬁﬁ? the W|reless
based on the beacon, and selecting one of the de

netiverkl ideRicenturth&iee H‘E)rllsgﬁz@ %tﬁ&ahlr‘e?eése%%t\w%de%%]es The

or equal to the de aul t based on

deéﬂnBﬁ&ﬁ\é%énf Ffeaindah it s thbRGrdI88S RBtwork device to the inactive

mode after all of the N wireless network devices transmit a data packet. The
power management means transitions the wireless network devices to the
inactive mode after an idle time on the network that is greater than a largest
.availabl'e'IFS time. One of the wir.eless network devices is a coordinator that
periodically transmits the beacon to the plurality of wireless network devices.
[0032] In other features, a method for transmitting énd receiving data
with a wireless network device comprises at least one of transmitting and
receiving data packets, at least one of periodically receiving and transmitting a
beacon, determining a default interframe space (IFS) time based on the beacon,

and selecting one of the default IFS time and a second IFS time that is Iéss than
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[0033] In still other features, the step of selecting
i ncl udes selecting the second IFS tine after
receiving ml data packets. The step of selecting
includes selecting the default IFS tine when fewer

i ST e _received. FS timer is |
Orgﬂél%mégﬁégg‘%l‘g pac{@te 26 aged 9%@4]%%6%}(14658 Packetsaereived after
ﬂ_'ls e%&'ansm tted after one of the default IFS tine or

eh% &nd 1FS tine. [0034] In other features, a

conmput er.__program executed by a processor conprises at

| eastO% ofNstil et teatireanther stepiofisetpatiadngladkeselecting the

at |east one of periodically receiving and
SqaiNsIing timecafterireaeiving mhet data paokets. dBfeastbp of selecting includes
- interfranme space (IFS) tine based on the beacon, an
selettiny thveg defeulofFS Miendl il fewdrShbh MR- | n -

IFS tinme that is | ess than or erqualﬁrﬁa'o1 ?Ega gg?’g%%tgrleF@CGNed'
Ahi IFS BaRRdisOfesed W f éjc,%s . recei yed after )

t he beacon. [OSOSS]IH%%Satt?IR ot ﬁse%?gﬁ%élrvga, alﬁea @ packet is
tri ta t | 8 Nndi ive of a transm ssion
rp@?@?ﬁaf@f%re %ﬁ@q%g@'ﬂ-ﬁ%@m R REONGTRS Wnep of

sel egi incl ude el ecting the second IFS tine

af t e@bﬁggei i r‘?éh?ﬁfsfag‘éffaﬁv P &OKFUfer pragragt exeafted by a processor

sel ecting includes selecting the default IFS time when
CqrenEtes Aklvant ane @htrangenitiog arat receiving dath pAekdtESat least one of
'tl'neré;jll;ys reset when data packets are received and a -
perindicgliyoleseiving anduramstrittidg af bescs eictbrtiRmde i

IFS tinme or the second IFS tine. [0036] I nggfi ?fg‘}'t Interframe

spztcee(IF $ piner essed 16 thé bBhESS, A1 @ngl%'gtirgﬁéin%eof!tﬁ% defayt IFS time

transiti oned between an active an in

anPdSecdhg IFSQPnﬁfthét.rié‘l .stthgﬂiq}\%bqr. rllgcl)eﬂ]degéef@bllttlﬁg time based on

transitioning the wreless ne

hes i ' dul ed b ine. Th
a Aibef oG Backits eedyed AnRtRR @ Ton ng the |

step or tran oning-i . ! :

) ¥“r ;ﬁ?ﬁ?ﬁ Pﬁ&y\g{ilgg e\fhégwtée?s_,ttﬂg bleg%?)wixgugeog %ag Etheart is indicative
of a transmission position m for a wireless network device. The step of selecting
inclqdes selecting the second IFS time after receiving m-1 data packets. The
.step of selecting includes»selecting the default IFS time when fewer than m-1
data_packets are received. An IFS timer is reset when data packets are received
and a data packet is transmitted after one of the default IFS time .or the second
IFS time.

[0036] In still other features, the wiréless network device is transitioned

between an active mode and an inactive mode. The step of transitioning

includes transitioning the wireless network device to the active mode prior to a
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The wirel ess network device is transitioned to the
i nactive node after N wireless network devices
transmt a data packet, wherein N is a nunber of
wreless network devices in a wireless network

v rel e rk el oss network

et el PR e, PP R P Bing, Abfudhs Figstioning the
g ' .1 el kK includi

w55 bR et e el Rt apicieapmitig & deta packet

T%ar\lae t ava*vlY aEI e LFS tine. The beacon is transmtted

% r‘%ﬁﬁ QEMQrk stevige is| teansitiopgditer thedimacties mddx0aiter Nnwireless
other features, a first wireless network device in a

NGinmoEk cdavicefe tianisrit atatenplaghiet wheteim N iitya dfumber of wireless
wirel ess network devices conprises an RF transceiver _

netvark tdeuices irs samdrelexse netgordaindiueied ehe \dirdleb8aietwork device.
periodically transmts or receives a beacon. A

Tloeniretdssmstwlork GEURENS Gahe otk the irfBesivé RIS %}‘%‘?%Bégle time

determ nes a transm ssion position man

or&ﬁ%r@%@ﬂet\%‘rktiﬁ@luﬁﬁ@%@wi?‘&leg%gtﬁ%%f Q/%H;?l% igg%}tgr than a

en the RF transcelrver recelv

i Ll .net k device, having.a transm ssion .
'agéé?%'gﬁ%%%l, aHH“es\gﬁIé‘& ReqEN Rfrappmitiasta anplugplidyi of wireless
t.he RE transceiver does not receive a data packet
NYIVSEK PR¥CEScond wi rel ess network device. [0038] In
still other features, the second IFS tine is |ess than
or 93] t dntatkeriégatutas, |- Srati wiecleFh evaRiotk dBSieei ves wireless
transmts a data packet after one of the default

| FS
natwoek dhatt inelusiesoa llifESityt bMvirefestONBIWSRNASHEEN LoRRINES an RE
transitions the wirel ess network-devi ce between a

trérdewerniie aafsisi BAGt i’é’c%ivé?dcfata.-rpg?lébgé‘e%giimmq} periédically

managenent nodul e transitions the w

it o T S
.trétrﬁégeg'_err,ebgt%?mﬂ%sv\g rtrkan%?nvigg”lgntpoosﬁtpoen irnngﬁcti iavgefg%?tel Fag %ir%re based
on the beacon, selects a second IFS time when the RF transceiver receives a
data packet from a second wireless network device having a transmission
| ppsition m-1, and selects the defauit IFS time when the RF transceiver does not
receive a data packet from the secdnd wireless network device. |

[0038] In still other features, the second IFS time is less than dr 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 managemént module

transitions the wireless network device between an active mode and an inactive

mode. The power management module transitions the wireless network device
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transceiver transmts the data packet. [0039] 'In still
ot her features, a wreless network conprising the
wirel ess network device further conprises N1

wi.rel ess network devices. The power managemant nodul e

t Lef | e K deV|ce t
ol bR e e gk 6 SEfedTlHEaqeR BB s I dRumsrimanagement
es_trans at a e A coordinator device
el e nbafels hetiorcaadte fo timénaative mode after the RE
transceiver. The transm ssion position nm=2 and the
r%W&rltr@QSm'WéhP§aéa@é*ICkﬁb a default IFS tine of the
second wirel ess network device. .[0040] In other
f eat[9088] al Btils otheir featesss, rewiteicss detivork d:dirn?rising the wireless
wireless network that includes a plurality o

netivoet efeviceeturtitds demibeigss AONDWirsRSss hEARSIK! HEVIREs 2NFhe power
receiving means for transmitting and receiving data

mﬂﬁéé}@m&nﬁﬁﬁ‘)d ufePtraRsitibRé 'tr?é‘{/vlir)életsgmﬁ{ 48@c8% the inactive mode

receiving a beacon, and control neans
t NI nd,recei yi ng )
RN 3@2%%%“2%&50% R A B DR e Racstpssordinator
a.def au based on the beacon, for selecting
deyieg B%H%A'F?JE(%{ {Xﬁg’iﬁe gﬁéc@’ﬂ Inthe RFltF@wqfeJéla/tra@smlsswn
nmeans receives a data Eacket froma second wirel ess
PAREHQRL M4 @ndc then gerad dFSr timeniss efoal tpesidefauit 1FS, time of the
and for selecting the default IFS tine when the

sacoad wrelessigetrark desioel. vi ng means does not receive a
data packet fromthe second wireless network device.

[ 0040D40] stri lothert fetufeeataUfiRs witdhesss ABRRGHK! E%q&é giﬁ_ d Wireless

| ess than or equal. to the default I|FS time.

NtWaRE Cla¥ efhcludias ™ tﬁlu?‘al?}ﬁt 8f Rﬁl‘?éﬂgg? Fé&ﬁ(/o&n éces comprlses

the default IFS tinme or e secon

tréMsrn%H art et \%n§I fo?“trtqfﬁghlmlagt Sesé\f’ g gata packets and

manage nt nmeans ransit

fof ;Serlod(cally transmitting or receiving a beacon, and control means for
communicéting 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 fr_om' a second wireless network device having' a transmission
poéition m-1, and for selecting the default IFS time when the transmitting and
receiying means does not receive a data packet from the second wireless
network device.

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

to the default IFS time. The RF transceiver transmits a data packet after one of
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devi ce between an active node and an inactive node.
The power managenent neans transitions the wreless
network device to the active node prior to a

schedul ed beacon tinme. The power managenent neans

thd Béfé%!lttlkgmét}?r t%rs%cﬁﬁaéﬁget M8 h%e\)(/ﬁ@ tg?%e:wh/&k deyice further

I nactive e after transceive

a_..p er feature .
ooffiiea S85KE} uppRoGShsT Thgn HE WA GSUN0 e dfreless network
devr of further C rises N1 wirel ess network
deligyitebeBen il pEihe IR RFAB DA Eioearbhe PoWST Thanagement
" wireless network device to the inactive node after
means Hansidens thier wiredessnoetwork deviceds theamstivé raodatprior to a
packet. The transm ssion position m=2 and the second :
schéfiled ibeaceondimel The powef manbgbR&rtim@anfrahbigos€ &9 direless
wi rel ess network device. [0043] In other features, a
netdRadeviey td ltﬁ’éliirﬁ‘édttve%oaédaffefrocﬁbVRPQrérfs‘c%NeWtH?rs?mts the data
first wireless network device in a wreless networ
aEm includes a plurality of wreless network devices
conprises transmtting and receiving data packets,
per al | ni t|n or [r.eg ei ving a, beacon,
det éljl ng%aét{”ré}ﬁg » AYES ?ﬁ%ﬁeﬂr%moc%ma%?'a@me wireless
{WS t| ne b ed on the beacon selecting a second IFS °
NefoRk %‘@‘FP durtheg comnrisee - nwiralass rriwatle deyinsisvethe power
data packet froma second wreless network device _
management means ﬁimitmeribelwwatesmetwcnhcdieS/Eieetd ﬂh@gnéhtWe mode
default IFS time when the first wirel ess network

aftde\alc of dthes Nowvirelessi vetworkatigviceaclghsmitol Bt SRRBE  The
wirel ess network device. 16 [0044] In still other

trahSHisHi&s pobﬁ%n%ﬁEQ%d fe §éc§ﬁd'lf-’8| t‘?rﬁr 8 i QQD?P{O gﬁﬁf&lult IFS time

to the default IFS tinme. A Fansm

o eSS, o7 e seeond 17

t r ar[’%‘{é]onelt]‘j] other features, a method for transmitting and receiving data
with a first wireless network device in a wireless network that includes a plurality
of wireless network devices comprises transmitting and receiving dafa pabkets,
p.eriodicall'y transm‘itting or receiving a beacon, determining a transmission
position m and a default IFS time based on the beacon, selecting a second IFS
time when the first wireless network device receives a data packet from a second
wireless network device having a transmission position m-1, and selecting the

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

packet from the second wireless network device.
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between an active node and an inactive node. The step
of transitioning includes transitioning the first
wirel ess network device to the active node prior to a
schedul ed beacon tinme. The step of transitioning

f' i t wor k
ovi SRR Al AR faltiis fﬁ%éw%“rmi?ﬂféiémé‘gaofgﬁé?gn or equal
todfibl Pk i e, PEBEE, fioKate fBbamRisa.ofter breliidee defat IFS

SS rk devices. The first wirel ess network
“”a%\ﬁrc'z‘ §e‘f9"51\2g:$|t6ﬂ%d the firet wiralessvretwonkl eesiceeis mhhsitioned
of the N wireless network devices transnmt a data
befwerat anTaetive: maederiand @n poactivieomade? aﬁﬁeté’tépSQﬁQ%SItlomng
IFS time is equal to a default IFS tinme of the second

inoludes dsmsitiening thedfinst adreldR0A6IvdIrR del/ertoltRatdsties made prior to

conput er program executed by a processor conprises

a schaduTed beagonithd eTRE \StdlW of %ﬁsﬂ%ﬁfﬁﬁdﬁ?luegg ltr%ﬂuaq n1r¥g the first

transmtting or recelving a beacon

w1¥élé§§ MetwbAD deQRle! 'td)'?hg‘lﬁggt\?e gﬁ%@éj @ﬂ_’@riﬁﬁeﬁ%ﬁéﬁltr) ggg nétwork

he beacon, select i hg a.

FTT\)'JGS{"""%@E%E@SS fae%rk devi ce receives a data packet

roma netvvork devi ce having a
tra ition m1, and selecting the default

I Fsﬁﬁlﬁéf Sf'ﬁé)”ﬁ’rr faaturgs; éhe sdrafesswetvatkindaddsds wireless
not receive a data packet fromthe second wrel ess

nehwpltbARrviges dée firsbwirlass rsetindrk dehize-is erinsitmedt @ethe inactive
second IFStinme is less than or equal to the default

MoOdS affereall &f the N paekads hetwdrRNgaViddLehanbf a ¥fa %acket The
the default IFS 17 time or the second I FS tine.

trdnisnsibsiohi)s@ih REDVEHKiHEEYdShd ES iR te'qﬂ F SrAGEES time
3

an active node and an | nactive node.

-of th@Betbh® Wirdtesd ﬁ%g}éﬂ?ae Egnm tioning the f| rst

wi rel ess network vice I'6cthe active node prlor to

[0046] In other features, a computer program executed by a processor
comprises transmitting and receiving data packets,;period_ically transmitting or
receiving a beacon, determining a transmission position m and a_defa_ult IFS time
based on the beacon, sélectihg a_seqond IFS _time when a first wireless network
device receives a data packet from a second wireless network device having a
transmission position m-1, and selécting the default IFS time when the first
wirelesé network device does not receive a data packet from the second wireless
network device.

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

to the default IFS time. A data packet is transmitted after one of the default IFS
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a schedul ed beacon tinme. The step of transitioning
‘includes transitioning the first wreless network
device to the inactive node after the first wrel ess
network device transmts the data packet. The

tirk Y e the second JFStimeis
e S b R TSt MRS cRaNpri dtet s ransitioned
rk devj.ce. 048] ,In ather features, a wreless

b%g‘{e ré”déx‘}{"é% {;18% #‘i’ A JBaCtig \BRde-t hahei Atgipu@éstransitioning

Hugjr al i tr{sét,?f W rel ess network devices conprises an RF

INFluges deanaiiioning the et svirelesanatwaerkalevice ttathe aetiketnsde prior to
and that periodically transmts or receives a beacon.

a Acaedtled|baaseoltene oinerstepiod dranisttiontrieinBudes transitioning the first
transceiver, deternmnes a group identifier and a

wiseles ometivdek tdedvicw tdanedingtivd anole asi, tr@“ﬁrsst%géki; network
one of a default IFStine and a second |FS tine based

déVicé trafishsRAE kata bSEﬁét‘.’eﬂ?e {rggﬁr%]ss'icﬂm é&é&iﬁ{pn ?rh%f fnd the second

features, the control nodule selects o
s Al ' .Sec | FS time based on the .

PR is sl A Be Bl Em & B skCahe WireTes gash device.

[ denfdofdﬁir nd/@_r@ t%e%st ation identifier. The second

| FS PR i sN BEETHIBAUIGS: eguuireless t hetwaskadevicer® a wireless

time. The control. nodule determnes a group
NetWORK ithaleincludasda plurality of witkless hetvork dedees comprizes an RF

beacon. The control nodule selects the second IFS
transagiveie thathtradamits packlere¢eives it egaékate ands &N Beriodically

W rel ess network device having a group identifier x-1

tramainits oir abteives igleebicbh er Ayconthf rQMIE %o i ith tr
sel ects the second IFS tine when the dat arﬁﬁg}ﬁ'_ ates with the RF

trérfeiveed dbtmife s %_C@;agj IpV"idre‘?lltiﬁ?rs aHSt-éﬂ"%'Eégiogne‘gc{egﬁfigﬁ%Eggd on the

-a group 18 identi ess than x an

| t i | lects th faul t
DqRGh et Saiets FAE A YERluTES e HBECH bEe0n S e based on o
L rel t k devi havi
SRR IR0 2 Stat i on Tdenti 1 er other ihan y.

[0049] In still other features, the control module selects one of the
~default IFS time and the second IFS time based on the data packet received and
at least one of the group identifier and/or the station identifier. The second IFS
time is less than or equal to thé default IFS time. The control module determinés
a group identifier x and a station identifier' y based on the bea‘con.' The control
module selects the second IFS time when the data packet is received from a
second wireless network device having a group identifier x-1 and a station-
.identifier y. The control module selects the second IFS time when the data

packet is received from a second wireless network device having -a group
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[0050] In still other features, a group IFStine is
based on the group identifier, a delta IFStine is
based on the station identifier, and the default IFS
time is a sumof the group IFS tine and the delta IFS

idehtiRer ERE tHSHi)QQnHré‘”&éﬂc%rﬁide%tiﬂéF g Pﬁ@gteqtorgzrfoﬁ %%(ﬁugrs%ﬁecfs the

the default IFS tinme or € secon
défaiify a ansitjons the wireless .
net &oﬁ?g@%%@t{\?&ﬁag pa&k?* v rﬁﬁﬁ'é(egnﬁoah g §geeng gvireless
. ~Lhe_power managenent nodule transitions the
”‘5&9&3 geyich %}Skamae g‘?‘%rﬁ'f'@ﬁé ag¢h 2 statiepddeptifienother than y.
SCheﬁ\%{S‘ﬁ beacon tine. The power nanagenment nodul e
tran ns o idil@ther deatures, v groute Vi S dirhe it lmsed on the group
_Jinactive node after the RF transceiver transmts the
idgatiierpacteita IFS tiowe i based ondibei statipeid@stifeal A¥d the default IFS
transmts the beacon to the RF transceiver. [0051] In

tirseii$ b surherf tHeegioUeFRS tike SYS$ IR Ge R fE d , .
descri bed above are inplenented by a Scnoﬁh%éat Zpegregbcﬁgﬁﬁmsm'ts

a GUer PhEKbt It HhePhf Y &mﬂ&%?ﬁﬁﬂé 1 éﬂ%%&%ﬁga%gﬁrg%tﬁ power

program can reside on a conmputer fea
_ { Lt t nory, non-yolati|e data.
3fadtneh? mod ' B ofr B R ing Wialionnetuertr dgdce between an
i umg, [ 00521 Further areas of applicability of the .
| a%ﬁ’gs’l%ﬁaei eﬂ?%’?ﬁ&%el Modge cldifePawpa Manageraentt hedule transitions
detai |l ed description-provided hereinafter. It should
thg dvirg|ass: pevsl davige thi&ecatiyeraddel psior tphischedaldd beacon time.

specific exanples, while indicating 19 the preferred

Therpowienenanagernast moduie itemsitionsethenvirBRad fidvork device to the
purposes of illustration only and are not int endeg to

inhétiviet miode sftrtRedRF tthdcBNART i R By i
THE DRAN oS [ 0053] TS COKeE tiah SISt ot aKeh . A gordinator

oo poon DRl

[0051] In still other features, the systems and methods described
above are implemented by a computer program executed by one .or more
processor‘s. The computer program can feside on a computer read.able medium
such as but not limited to memory, non-volatilé data storage a.nd/o.r othér suitable
tangible storage mediums. |

[0052] Further areas of “applicability of the present invention will
become apparent from the detailed c_iesc.ription'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
W reless network that is configured in an '
infrastructure node and that includes one or nore
client stations and an access point (AP) according to
' A mg)é.ﬁ]_ I is.a functi.onal, Q! ock
tﬁtﬁw?é?fz;ér%@?f %ﬁemoéel essoﬁetﬁ\?oﬁrl‘(\/% 00, i 4re. 'Q@Hﬂﬁgu?% AuRposes  of
; x and that jinclydes nultiple client :
BB Gy BB Aot B Sin T sqbmatiherngention s
a functional block diagramof a wreless gam ng
network that is configured in an infrastructure node
wirel ess local area network (LAN) according to the
present invention; [0057] FIG 4 is a functional block
di agram of an AP for a console in a wreless gam ng

network that BRUERDESGRIFPOONGE FHRDRAWIGELENCY
(RF) transceiver according to the present invention;

[ 005RI05B] G Fhd présdntngid e
Wi r elmessu net vvorE)rdevi ce rg'gﬁqo\r’\'ﬂll Egg?rg]et ﬁlé)?%nrflgllyeﬁpderstood from

“th b PBe ' i.m ng_di agram t hat '
bt A T T S e
I N arM=nel e LAN acgording to the prior art; 20
LoosdU5 o B s B9 diacram of a wiretasst ratwork that is
client station IFS tinmes in a wireless LAN according

CQRfigired fnsan infAsifHGirs Mede énd thet inclsdast one ovemare alient stations -
[0061] FIG 7B is atimng diagramthat illustrates ‘

and pBRACCESAPPHY (APSaceonding fonthe prioredress - LAN accor di ng
to a first inplenmentation of the present invention;

[ 006/P036] G FIG. Rsisa funttiogaldileek amigrévtof d Witeldsdlfstwork thatis

client station IFS
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. 5is a functional block diagram of a wireless network device
according to the present invention;

[0059] FIG. 6 is a timing diagram that illustrétes 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

08012 P 350 ARG ek P 0 Sy saion s

- i I wor k device to_select client station
til i, o PRES, RN Beoifivg 16, iyl Erriemaniaioroior e present
. present invention. [0065] FIG 9A is a timng diagram
'nYEHﬁ{OWI lustrates client station IFS tines in a

wi rel ess LAN according to a second inplenentation of

t he [BPB3knt FIGnvdhis en tinjiog6dingfins thaBillustratés miBgt station IFS

diagramthat illustrates client station IFS tines in

tirsesviin eb ewiselesdl babondcoging 8 sefindnig@hepRRioAt bpnhef
the present invention; 21 [0067] FIG 9Cis a timng present

~ineBrggmam that illustrates client station IFS times in

a wreless LAN according to a second inplenentation of

{ notPOBRE: FIGTRDS o timif Mihaferh nal ilyRpids, SERE slation IFs

that" illustrates steps per
. r i to.select,.client station IFS tinmes
t”ﬁ%\gﬁdfg n”gﬁ%'s%g %%’éoﬁacoridmﬂ dheflt WSt JMPKMeRtationegéithe present
L n\{enti on; [0069] FIG 11A is a timng diagramthat
INY§NUQEL r ates client station IFS times in a wirel ess

LAN according to a third inplenentation of the present

i nvdAPB3h; 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 accbrding to a second implementation of the present

" invention;
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[0070] FIG 11Bis a timng 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

! SOt 195 LS L4 g LB e o e

to athird inplenment

; 721 El. $.a timng diagramthat illustrates

PP aft 2 1P LA Rebilda s SoPen aplemeniationr of g prosent
. t0 %_hi rd i nplementation of the present invention;

inveRHen:

FIG 12 is a flowhart that illustrates steps
performed by a wreless network device to sel ect

cl i efR068] at ifdE. | 1 isi acfowetuart dhay ilustratédistebs performed by a
i npl enentation of the present invention; [0074] FIG

wirglass nedwbtndevioaab dellestkclidinagtarnof Stikicdhadefiinigt i
television; 22 [0075] FIG 13B is a functional rgliﬁgcdig &' second

inchlagicntation & theliresentaApénin; System [0076] FIG 13C
is a functional block diagramof a cellular phone; and

[ 007 G D4 fu ' | ogk .dj agram of a. set .

top Lot “DEIRT D Beadiie easar it stz siient Staton IFs
; I 0048] .The foll ow ng. description of the
t"ﬁgg@r ?yg‘gﬁgﬁﬁ%dﬁ-@n?%ﬂmf@ ﬁ%r%ﬁg'rgx'@?ﬁiewtatwmmf (he present

and.is in no way intended to limt the invention, its

in%ﬁ'ﬂ)ﬁ'?'}fation, or uses. For purposes of clarity, the
same reference nunbers will be wused ' in the draw ngs
“to i 90401 f y RGniN& isehetinings diagsamsthait Hiustiztes tdient effon IFS

times in a wireless LAN according to a third implementation of the bresent
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 illustrateé 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 s{eps 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
menory.that execute one or nore software or firmware

prograys;] a kgat jona [ i rcult, and/or other
sui t!':abl e]conppl?r‘]!zpngg lshgt lfupr{rcgg}w%!a b?‘?f‘é( AMb&d a vehicle control
stdpgtionality. [0079] An inter-frame space (IFS) tine :
Ys. amnnmmtinme that a station waits after the
co cati rreg)j um becones free prior to '
tran i ngﬂgs‘at‘I C ista fupGiionak blopkwiagraonsiapeilviar phbge; and
wi re|l ess protocol according to the present invention :
al 1 olf07d] at ifJfs 43O isse furtationar blaok diagraanst a8kt tdpShox.
tines with no random backoff periods. By preventing
collisions while elimnating the need for random _
backof f periods and by maintaining short IFS times for

ever PESAULEDIDE S ORIPTRORASE ﬁ#@‘ﬁaé#@ﬁr{éﬁ g@@ﬁo@?fo@ms

consunption of all of the statitons is
W I efgpTg] net rat | in. either an infrastructure
m)det or %m a ﬁgmng'bg Hrgrggf'é{%‘l QEEW? PF%T%we ePEYOdiment(s) is
descri bed herein. 23 [0080] In sone types
m%?&%g%\%mpﬁér’y ﬁo@?{u&? aq Isgn pevayt ltended tedicit the invention, its
tranfm't data regularly, for exanple, at each beacon '
- 3RRIICEFIQR) OF USES. SRENPURPOSES Of elasity,ythe saime etfersricd surdbers will be

wi rel ess consol e gam ng application. Since nost or all

ugd ihéhetdianings to ddeniify Simiaeel¢mentse 0Xs TREE RERME. the term
stations during each beacon interval, a master ’

medalei amd/dedevivenasfers & ahi fblidSEESS , er. .
- each beacon transm ssion. hle mast gﬁgg@@gﬁ%@@gnél@c&ﬁ/(p‘sIC)’

! Ko SRS SIS o AR, 6 BRD oo
e pere (12 5t SelS ot SEheZbRAGS, FFREEERfa Brottetional cgi
cir{&%lﬁ,\slé r%ri/g)‘r']}éter.{e?cs?it\éﬁeee{:]&gsipggétts Igg%t.t ;?r(r_c,),\(ita%aq%%nd gsgﬁilbgg ifurLgtionality.

dat 8[0695]0r dk%%n{e?-f?aralerssp%cé Tl?:St)l tinrﬁe is @ minimum time that a statjon
waits after the communication medium becomés 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 fér 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 wreless gani ng network
operating in the infrastructure or - ad hoc node, all

I ' Lt f t t lient
St at o g i BERPER ol TP Jabe 4t af ok dhe Sraons nec to
on cach | & .
e U dhoRleln 151 Fearls, Stoacit beasen evaniabn Goe evample o

tselc‘klg)encfe is varied by random zing or rotating the IFS
WY RS ahBairvarkds @ VERlesssiomsolmgaming applicatiac hSrercest or all
transm ssion. In this manner, a given client station

olsfhe statians transmit: fraraes do dinegort moze biheststatishg di®nhg each beacon
during a first beacon interval, and according to a

intervalnda |MASster netationi deteamirRR0RA SERRFOBCESLL D4
[0082] Referring nowto Figure 3, a w re?éessS gg%n%% after each

besdomotrinS@issidie! Wﬂ@%@s@%&aetgﬁgh.glg \%E})éh%elséﬁpﬁga%ﬁ%ﬁg sequence

or nore client gam ng devic

i i ' e Wi I t kK (WA
SR, DR TR O BRF (hREfaZeah BReCH taporistion. The
. .The host gam ng device

SNBSS G G B8N oy Riinukben dne smemarsscyuence and

a acce§s oint (AP) in the wreless gam ng network. »
palrﬂ)é ALY r&&%&ﬁ?ﬂ@%&tr@@ewedaﬂ ewgartioulagrbeatioan period. In this

mobi | ity of the client gamng devices 34 and conserves
mgpeeatd raiveibwiienbgtatiedusilnranbmitodetaabbcstdigj itOM Fst IFS time -

the active node. Those skilled in the art can .

dutpyg ecfirat &cabat inteevdioshdaacioidingeld §%e3dn8NS: Birent IFS time
client gamng devices 34 may be”a gane consol e and

dumrigea 686ond BBRcERYHtERZI. [espectively, or any ot her
sui tabl e i npl enentation of an AP and one or nore -

e oot LT wBeRss iicd DRk edtd T ik i Sicture o
ac?"?%coﬁ%rd%t, 1 icf?er%”st%%oﬁs? Ctramosclj'ﬁi't frames to every other client station
during each beacon interval. The IFS times of each client station dictate a client
agcess.s;equence for a given beacon inter\)al; The -client. stétion éccess
sequence is varied by randomizing or rofating the IFé times among the client
stations following each beacon transmission. In this manner, a giveﬁ client.
station will transmit data according to a first IFS tlime 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 now to Figure 4, an exenplary AP 14
for a host gam ng device 32 includes a systemon chip
(SOC) 34. The SOC 34 includes a baseband processor
(BBP) 42, a nedia access control (MAC) device 44, and

haidweire SR 608MRe0 Rt dient @ﬁﬂdns iR faesgrl.rgférz'gég%e ngtwork. The

i ncluding interfaces, y, and

eFLLR, ( scelv Ion with the
héﬁ%?ﬁﬂfﬁ{gcomrﬁ?gag "{(ﬁ st K e%ﬁé ware #Rd gperates as an
sceilyv tran mts/recerves datato/fromclrent
aééeég{;l RYIats )['Hethﬁ/l"l"éqsi@%% IRANNY Gehwerk; hehewirelessnggming network
ave data that. is intended for the client stations
aligws Hgr teateswmebilily ofdlare, Cliens QaCinge vievize$4 3dnahddesnserves
a buffer 50. The MAC device 44 stores data that is

opereding ekPWeIr by redutingnthes batfalinduiatiohhef e fa%'trvéomode Those
until the client stations enter the active npde.

skilledign ttiee @ck €an Eippessiate tHAahbFhdd 3
network 18 that includes ot her nodegﬁlgghdg\geg%gzerla\adathe client

gé’rﬂr@did%ésb%@(m&e%@ égm% %'oﬁ%él'eb%h?emréqjesszgnput devices,

comuni cat i ons system 2

[ devi ce i ncludes an
repactelFyShahl, alr gﬂg%@%r RRETeckatin 55 Amamand one or more
re,b., The wireles etvvork device 60 according to
WF%I%% |W‘SPE§%§PH?1 (A.jger iYel%, Precwispless mamingometwork lBdwexcludes

i nclude an RE transceiver nDduI e 62, a baseband
thﬁ }HQ%Q@H‘H“%&MHCQ 34and, operates dman ad aknmoidul e 66, a
MAC nodul e 68, and a power nmnanagenent nodul e 70. The

RF 110883t ei Rafewing nolwdesFiguredei arerexBn@BE, AP 14 for a host
transmtter 74. VWiile not shown, the network device

g@tingadevite G2iinclldds a0syBtORESS ehi e} ber ﬁ%‘g@%% 4bgludes a

conponents. [0085] A frequency synt esr zer incl

basepRdcpioeeliest (B9P) 4PLl) moffa ks SERINEIVACY i8lice 44, and

reference frequency from an osci
othBY SEBIC 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.
trensmrts/recerves data to/from client stations in the wireless LAN. _Srnce the AP
14 may ha\re data that. is 'intended for the.client s'tat_ions.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
an input signal thereto. The frequency synthesizer 76

en R . E 0 : ignals .far the receiver :
and eeal i i oheniHhBifla BBECST jbflhdcy Guberemangieless
Lver .o ation, an input of _a |.ow noise anplifier
n‘{% cgincreggsrgl 85 S8PWRalIs Wk 8n dheewiglgssomesiomnyievice 60 -
anplifies the signals and outputs themto the
aGeordingdp spyme mp?%emaél@@ﬁiqfttbe ppeentt inventiam ioshewh to include
of the transmtter 74 is received by a power

anil frensseiyPrN@Bile i8, ch baseband propéddoradodaicunal § 4[56\’/ver and
the antenna. [0087] On the receiver side, the BBP 6

clocic modiede 66, arMAGYMicdUlE BBf 8hd aCSBWEr ek ' t
recei ves signals fromthe recei S‘ﬁe}%wn. Tﬁgéﬁ%t%@o&ﬂé‘ 70. The

RE aramgoeivat 62 iMbiiBesd LRI atosn 99, ta%lj\fygﬁigtreg gg?q}vhﬂteen%t shown,

the signals. An output of the deno
the O ABH rkabigicw e iinterface 92, which 26 -
com“runlrgaldgzlc% 16? ?%(Q @%K ng'”&? EhETOTEEOR fber ofiedestandard
68 sends signals to the external interface '
Cogﬁ,o@%%h are nodul ated by a nodul ator 94 and out put
to %gtt al to anal og converter (DAC) 96. The DAC 96 '
out ?IH ki griaf@qugncy synthesirati 46 inciutés aTbha8BRdkeéd loop (PLL)
al so may include a PLL (not shown). Alternatively,

78 fhat ABceiges anfirst refeDaace Gravmenby ftovs atre8seiNatoRSulh as a crystal
transcei ver 62. [0088] The power and cl ock nodul e 66 '

- oscillatard®8. alteiftequeaes syrehdsigg 76 AKSE BolBitdat
recei ves an i nput Vol ¢ gge such as VDD gn%"tég]%o\é%ltage controlled

O o P IR ot b T eF tpilBrsect on an
iné&tpéigﬁélctih&@fbprTH@QreqU%ﬁc?%\%{he@?zr]earwsgﬁe%?gg KE ng IF output
signals for the receiver and transmitter 72 and 74, respectively.

[0086] During receiver operation, an input of a low noise amplifier
(LNA) 84 receives signals from a_'n antehna (not shown), amplifiés the sighals and
outputs them to .the receiver 72. During-transmitter operation, an output of the
trahsmitter 74 is received by a power amplifiér (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 w rel ess network

devi ce 60. The operating nodes include active and

inactive (i.e. |ow power) nodes, although additional

i [ caa T wer _managenent dul e 70

R Y MR 08 p ORAR R ES S10% e adi® sends
. dul e. 66.. [ 0089] An optional calibration _

S'ﬁﬁ%ﬁﬁéqﬁgf%{é‘??f'ﬁeééé%gga{'v@m@f%wlatgdma modulator 94 and
qan{;\&Jerreéﬁt_ nodule 70 is optionally used to calibrate

OYIRU! TR A9 teranaieg comvartar(BARKR6. Tie DA 86 atutmuts signals to
nodul e 102 recei ves an output of the LP oscillator

theobraasmitterpind. 10 hendBBRI 64r alses raay ahuledef a2 FLQUNKBE shown).
106 that is used to calculate the duration of the

‘Alteractively, thedeDCTB® anal therBACIE Ay BE IRSREPLIEHe RF transceiver
periodically, on an event basis, randomy, before

6d.ransitioning to the inactive node and/or on any
other suitable basis. Alternatively, the calibration

nod 02 i tit fromth i rel ess network
dovi 00885 T5 p386F BhH. et aPo%iia b i e aublevel votage
rqoiphcludes current apd voltage bias circuits .
SJ&’S@‘; Iaa’%dthfic%?‘g‘?'&ﬁea& Ir\Pé‘ltt 9’9”?%@%%@5 ¥OR @ndeatmade/signal and
ol tage biases to various circuits and/or nodul es
OUE{%‘ﬁng%‘? iYnE1GH6t Valkagmn jevels.t hehewpowee smdnetosir fodule 66 also
device 60. The current bias circuit 108 may i ncl ude

ingHeesa law pewsirf (LEYiqscilkatorb1@0. oThe eoinsrahansgeient module 70
shown) and the voltage bias circuit may include one

alemg mithethenMAG pnadiaé B80E6d HREEesEBP\\RYt ,
vol tage reference 112 maybbe used\cﬁo %”iﬁ%\gﬁfﬁ%@gﬁr?%&peratmg

mbd@Df %é%i&éle&@%et@v@@f%vi’ée%@c krtﬁjébgﬁgﬁﬁ‘%\é%g%%ude active

nodul e 114 perforns ock recovery
i\gi l_es 6 and 8, respectively, )
anRALOR Sy S Her T RUeS i i aditPhal BOHRS seal Bierovided.
THeoﬁé\NéPH’c)hajg%f‘nérﬁ nglggglle% tr'noay also be Idcated in the MAC module 68

or the power and clock module 66.

[0089] An optional qalibration module 102 that is associated with .the |
power management module 70 is optionally used to calibrate the duration of the
inactive mode. The calibration quule 102 receives an output of the LP
oscillator 100 and a PLL 104 and calibrates a value of a céunter 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

beac j19N i, el ess, network operating in
the Aot ﬂ—ﬂ%ﬁ:r%ew %’Q%@? "Rk BSquE RauEneh mdbedaseurrent and

' li+: ad h node, however, one of the
V@F%geﬁtbl%%gﬁcghg wgn@?ﬁtﬁfq'héesg?@%@% dhaharovidaecurrent and/or
V&Li eenﬁi stations attenpt to transmt data according to

A5 RIEFES 4R VAJIoUs s Ults langvemigottiesr (eorpé ttiohsofioft $iown) in the
con and during an awake interval 124 that is

be _
WHEICSR WP e virea66n  Shenalird@2biak08RRIit Peb %angclude one or
delta, tines for each client station can be varie

meze I9ff-ehipceaiibratiar vedistorO(nEX SHEWS) ah ' Lay i
times may be carried in tEe beaco)naselagﬂgle\foit%g?e &gsa(}frcwt may

inclesiel dne bh mcﬁé%ﬂ-@ﬁﬁ%gﬁﬁgs(ﬁgygﬁ'&ﬁnié%g%ng g%lgi veaTtitaQﬁtreference

stations varies wth each beacon int
162 Adyoms i & I t 28 a t he
transm Sg%‘%&% %%)&%uﬁn%bcg}égeﬁgrsﬁﬁ gy % e transmtting
dat &, n gransmssion of a data frame or packet
oveﬁopﬁgfrredbl‘ uﬁ??'% &%tﬁ'plr%‘f%‘{ert’héc@&)i gwduldhat 14 eperifoess clock
rthe dat a Pa ket may transmt an acknow edgnment data
SR ang fmi@e%agalpsmd)mgﬂal nudyleskde ared 4181 Rsfctively, or
recei,verm@£0094] A first client station waits a first '
ordg digital imeduleas An loutnutaifetiephaszSlock $669MPLLS Holds coupled to
and nth client stations begin waiting second,

- the§iPR, modyleatidt.nth delta tinmes, respectively. Since
the delta time 1 is the shortest, it termnates first.

1 S002R L et oA A e "Bl o s
125(’){ m@ﬁ g? éﬂgﬁprgﬁﬁgﬁltﬁhﬁ%ﬁr H’:’gi c{rerggllfe:] I@Qag'@%gt%ts enter the
acﬂ%trﬂoaé-'ﬁ%r %onthoet I?r%rns\r/%)lsrsqgh (gfhae tgera%gim.sisgiialo r1]281.c Ih a wireless |
hetwork operating in the infrastructure mode, the AP transmits the beacon éignal
122. In the ad hoc mode, however, one of the client stations transmits the
beacfon 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 méy 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
second client station waits the second delta tine 2

Aqr in illustrated  at 130.
e e RN Thedi BebbifEls Fiameibi Wenamihgatae when
il 132. The third cli i it
st RLE e §r macked gt cnoaum iacomptste, the device

tEen tran?]m s a data packet as illustrated at 136.
theh EeGaiYPsiheedata Pagkebmaydransroihen asknowddgmentaata peeket if the
illustrated at 138, and then transmits a data packet
desdinatipn @f theypedkettis 23single0@8Bivet.n subsequent beacon
intervals (not shown), the delta tines of each
st at [0084¢ an Aofirsv aliémetcstafion weste Bt dERE tiftd ?s‘ iﬁﬁ‘éttrated at 126.
atinme

station may operate according to the first del

Sdcorm)dhitdiearfd At clienk ;§f§tio§s"5é9q’ﬂ Wéﬁ}ﬁ)g‘)?ﬁogmtdg gpif‘cg?ﬂ%@ Ath delta

to the third delta tine S'm | ar

i t TNl ie sjatipns,are varie Those

tlrﬁéls'l @ggé%I%egﬁ%qugn%bapﬁ®gi L Setng rttqsrt 'gfﬁrf‘ﬁ”atﬁg first. The

14 NE nd therefare the station access sequence, nay

f"%{eg@%'}ti S‘é‘aﬁ’%’éﬁ@éwméa pydata parkstias ilstratedaaly 138 heWhile the first
.su'%t | e manner. [0096] The client stations transition

cliegt g op&wm@a,ﬁg@p&pk@&am 28, the iremairsngcliemisstations are still
conplete transnm ssion as illustrated by the

waitingifanthein cofrespendingalettai timesyvdh dtRdr wiobds epheMPh8smission of
in a wreless gam ng network operating in the

therfirsaslientcdtation @it 28 becuddRile ¢RE ReflairiRy kAt isBlions are stil
remai ns awake in order to receive all data packets :

AR08 R AR S Tt Dt segna o
A6 QRS AT ! B0 SRRRE AR 8 st
atgﬁ. gg'bggséc%ntdhc iein?fstta %nr H1Cetnutrrgnsrrr%ﬁs(,3 a c\g\gtrae;laaecsl?etiansp;IJIEJstrated at
132. The third client station waits the third delta time 3 as ilustrated 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 trahémits a data pécket as
illust—rated at139.

[0095] In subsequent beacon inteNaIs (not shown), the delta times of
each station can be varied. For example, the nth client station may operate
accordi'ng 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,

tisReORAd thBldT cLi - enStations consune .
appr oxi mat eéT( ;d/ret ﬁg@ssgér;@na\%g?é;égseSE%\%WCGO\[E?ytti’%?’”F@(ﬁ%I}lent'a”y,
[ Figures 7A through 7D, a timng

ra?ﬁg)g’ﬁ'gm&%ﬂ%%\% (ﬁ"ﬁﬁéﬁaﬁ%@g MaRM%Tst i npl enent ation of the

pres Invention. Each client station is assigned a

def aﬁﬁ%bni gﬂ? client slations tpansition to theabvomoosedmiode after all

t he unique delta tinmes described with respect to
cliarjustatiens peemplete; transFissioness diustetédeby $hatfefAhdi®n of the
. transmt in the order of ascending IFS, simlar to the

awakedtenfal t1R4. dedrtexarhplee degitslbSedahiin! o
However, the IFS tinmes nmeasure a ti gre sh é‘g"‘%’ﬁ%‘ operating in the

infraatraofuss io? NadBflica nRRfe0 NBscH Eﬁ&wtfﬁ%ﬂ?ézfeﬂﬁﬂngé\&g&d in order to

tinme since the beacon transm ssion

roBBVREAI ABIRREILAOmPALE AR RlLS Wb gUe | PS. L1 e

30 after beacon trans

prevy client station conpletes transm ssion.
[009‘9]%?% é\?ﬁeé%?st"’seﬁ%t £3 oﬂ"lgm Slatiane trensitions touttles low power
n\%é”'ﬂﬁﬂ%?c beacon interval to determ ne whether to
Pt! '3y gHet teasmiiting| argata packet. aFshexbetple, in a wireless
alternative IFS tinme. In one inplenentation, if a
gaMingncorsale | openadiogi e thaarinfrastpestitied niode)eivirdfesdalfbut devices
packets of a particular type (i.e. all preceding

opgratimg asscliEnit eistidray edy aaastibh ed)thet i er ,
station waits the al tery;at Ve 1FS thienlgwlp{)ﬂ@['fg(li)é(j:egl%med'ate'y

shwrsrgrass, el sdsTactecoed I b e
i e Sboatort el B (Seperen dhisdbsadonth clent
SRR A EooBARBLE, o2 ibent gam ng dev] ce may

[0098] Referring now to Figures 7A through 7D, a timing diagfam 140 .
~illustrates .a first implementation of the present invention. Each client station is
assigned a default unique IFS time 1, 2, 3,...,nas opposed to the unique delta
times described with respect to Figure-6. The un»iqu.e 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 gami 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
afest ahdas&séon [ PRSI Er {999 t jgure 7A, 1f a .
| Hoi e {3 el . Snet & By int station

given client station recelves

cAthBtUS ﬂﬁﬂitting client stations, the client
st@tglioné%s/a'ﬂsg ie IFStine 1. The IFStine 1 is the

def FS_tine. of e first client station as

il i@bbgi ed Ti}en@@\t ONS; f:’oﬁPWdPrieéﬁf m@aratrules. dutiig each beacon
, fhe fir%% IFS time 1 and transmts a data packet as
Interyg|derdrteamise whatherde wait dhel assigned defaultdASi Sme or a shorter

second in the station access sequence according to
altefeatives|f Snéime,  dndohaeinedlomentation, €x@esicht RalidiF §b¥&ives an

the data packet fromthe first client station (i.e.
expeetathhambsacfetialf pabkés NEC ' Lgf ot i -

transmtting. If thg second %ﬁi%erﬂ?gtﬁ’lg%g |%gie'rglcl:é)|r$%esdmg client

; i L ,ent  station, the. .

e RRRSRICP I Tt GEns BN wal € g Sgeirgive IFs time.
[ I t .14 nd.transmts, a data packet as

'”iﬂyH??l P’g{eg%“gtgah'gg ?B@t?f‘f'ol‘ﬁ’ 5eRB Cligat oz single data
fir { &I i ent Stazlti gn already transmtted data during

pa(cllﬂaé ARyt al Qther cliepdrstatiensoHewsyer, a héient station may have
collision will occur between the first client station

M@y thane afec dade dracket typattootraasmitF8utingea beacbheinterval. For
third client station is third in the station access :

exaatplens eslicat ganhiegedevies neapeeinsmio ar @RI &IZMDAKR to a host
packets prior to transmtting. If the third client

gashiagidenice, edel then tFéTﬁsnﬁ#@b%a?ﬁﬁ?gﬁiﬁafﬂa%%{ fbg?ﬂ;%){hZe:q Qﬂggt gaming

second client stations, the th clie

deWdielss Tﬁ@re‘f&@,téu%%eaﬁé‘ﬁ i:lleeringrﬁihgdd i%ésg?lvo%gg_exgﬂ%t' to receive

transmts a data packet as strate

thPlading B3ta Badka By O Rl Fon e U EBR e ™ - ameri ¢t ng

a d%%(ﬂa cket Iflesfeirrllrlguﬁg\quctoelgigaﬁe %26# 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 firét client
station as illustrated at 142. The first client station waits the first ‘IFS time 1 and

transmits a data packét as illustréted at 144. The second client station is secoﬁd
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 tinmes are

vari ed as descri bed above, but the clients stations

continue to follow the one or nore rules for

alternative IFS tinmes. [0102] In this manner, data is :
wa#ieC e gpg fpiaveensa ' SiAg i L qui ckly,

and the over aéll\_llEl ?\?/awgsﬁ%tr?gmgg ?ﬂié %ﬁ‘?etﬁﬁgs'ﬁ'&qi%ﬁtat%(sp%ket as
iUsds®dt 1481 ni m zi ng- power consunption. Additionally, .

since the percentage of tine required for all

statpqaﬁto transm t their data is reduced, there is a -

greater 1 i kel'PhQHE" MArds, |becagse othe \first dbentistation already

transm t. each beacon interval when conpeting for the -
tr%ém'ﬁ?ﬁ ﬂa%h dringrthiy beagas: indenvel, theredissto dbedernthmtesollision will

and in Figure 7A, the awake interval 124 is .
ocsughetwesinthe firsd dlieststationtestd the sddond diemt statiot HOIFS time 1.

transmt and receive properly. 32 [0103] Referring now
TheotHiidy elient7 Btatibheist ihiidnih €Her @tMnl48cedd %@§+éﬁéésand therefore

operation of the client stations when one I ent

expbéfsitB1eB8ive thel d4t8GRickets @’ﬁ%ﬁ%ﬁ;@%ﬁ?ﬁb@“l?gﬂ%{qir&client station

‘preceding client station.

, ' rJES ti 1l as.. , :
PRSI e atteba Mol Bt S obabiRiods fBtens. the third e
ti doe t _proper recei ve_the data packet from
St it BT Slim & 85 Bigburabid ok fahyae tramends cosiata packet as

i CLi E‘% station maé_( not receive the data packet due to
llusgrated af 153+ Hhe Rth glignt spatid eperatghenelogoeslytdmed waits the IFS

second client station waits the IFS tine 2 as

timg 1 @stilesteatedtat 16@ efors transmitting i ddth paicRetiad AluRdeked at 156.
as illustrated at 162. The third and nth client

In stiasequent jpieeieen inteReas) the 1E6! timeS aril A% dat @geegghsa Bbove, but

and wait the IFStine 1 prior to transmttin

the kliswtsr sthednsicohfiduand fdfkw tp%goﬁﬁe&i gcﬁjg%/ruléso rﬁl&ernqtive IFS

Referring now to Figure 7C, mn agra
times.

[0102] In this manner, data is exchanged between all client stations
more quickly, and the oyerall awake time .of the client stations -is reduced,
minimizi.ng 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 ébove and
in Figure 7A, the awake interval 124 is significantly reduced if most or all client

stations transmit and receive properly.
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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 il : 70. Jhe s n cljent

st gﬁoﬁggfecei \L}géfe?hggdgﬂtbg’l ptgcésg'gnﬁ’r gh?mti”%'”af diggram 140
- ' 1 illustrated at 172. The third and ,
'"@%}Eatég ggﬁkﬂe&"a‘?ﬁi‘ﬁs"'ﬁay Sorsuian ane Rlertstatipares not receive

fromthe second client station. For exanple, noise may :
a 98?% RBEk&tHEO T (3 REgRading slient Patiome Thecnsti cientestation transmits a
- station. Therefore, the third and nth client stations
datpgpanket adlier dFBdtimeet 1aBSIlustnatet!, atandis. usdowbeedehaWdcond client

‘IFS tinmes 3, and n, respectively. [0105]
staliore dnas inok byopérherevedenihecdatarjackbetrbANtHENsP8lidiS8Mon. For

from the network and/or fail to transmt altogether

exapiBote éébdﬁcgéliéht@i)atia_m?nefeyjr ﬁt rgc%lygelﬂé n@ét%télagcr?(et due to noise

transmts a data packet aft
tion dges

i t S nd client statj

O oeF HRketk Blockdhe. | THelI6 T dresPoy et fatich wats the 1P
el : i,0 ' the default |FS time 3 after the

t”ﬂf‘ %?gc'ﬁ@%ﬁﬂteﬁt%*? Jl' %@ PUQRIP f s mithngn arflatei packed as illustrated at
(i%é Igﬁtratﬁd at 176. The third client station transmts

16¢. ghbe thyrd rad nthclignt stations-grepary recaivei all precedirepdata packets
178. Simlarly, the nth client station waits the

argbwail the &St Krmg A afioerto anarismitijrich asl illestratsdatat o164 and 166,
conpletes transmssion as illustrated at 180, and

respectiviehyansnits a data packet as illustrated at 182.
[0106] Referring nowto Figure 8, a first IFStine

I ' t hrosk ' ik epALl8 I 188

the ol ot "ot Aty o B6H 18 PRFEld Cioane | DTS elbtam 140
: . . L.ssion. 1 n. 190, the.

IR OB Eton A8 AL SERES Bt i SFatfonsiand s do not

' ' ' nis f aul

oS SRS R SRR BP0 o il e e tator
[ I?rre\rla ation, the beacon signal may also indicate a

tr @r%ﬂ' $if EttﬁiFh'f‘Ctkﬁ_é aftepitheAFgdime o gedlusttated @t B:hThe second

client o _ :
- client station receives the data packet and transmits after the IFS time 1 as

illuétrated 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
tinme and the slot mof each client station. For
exanpl e, the beacon signal may include a timer

T S0 SRR TSI i Bl PSSR, e
SRHEAP RSB PSSR Ao comnetes

Jj If tr) -the nethod_184 continues to step 194. -

trqn%/ Pispo8 as Hsﬁéﬁﬁ’o@ &% Thedhirs gbenttssatiore ranomits landata packet
step 194, the client station waits an alternative IFS
aftertbe IER4ime 3 asilustrated atr 1B u8imilariyt, hiee ded alidrit stditon waits the
time. In step 196, the client station waits the

defetitulFS iR tn rafter[ 8A0AL1 )t Gieap st8on t&&ﬁnﬁlbt@smtransmssnon as
station determ nes whether the IFS tinme of step 194

ilostratbaat 486, bhid4Ren klankhi@ a ﬂ%nﬁ@%fﬁ‘] a a?lfgﬁt o

to step 200. 34 If fal se, continue

A . KRGk IS Pk P SRR metnos

t hod 184 sto st 198. If false, the method
184 hegilys; Mrstep f%él B Ftep 8 fﬁh%tcéﬁmz@t@tlonﬁr@t@r thenactive mode
station resets the IFS tinmer, and the nethod 184
PriQittQrreseivingsa &igacop. trangmigsiper lncates,190h ¢he kiiemtt stations receive
station continues to wait the IFStinme for as |long as

theteeaconasignals sTbe beadbomsigrsal fingedes Hatdehatldetdimines the default
station detects activity on the transm ssion nedi um

IFShiimb & Bf therelierntagaticns. [Wt@n%]prb@eﬁtﬁ%l@ﬂ%ntét@% %%SQécon signal

station transmts a data packet. In

mBptA1ed idddatdetes Bl 'Fr‘?%i’f@?ttﬁé t%ﬁlﬁ‘h%lcb&g% Is%éﬁ%zr'é%? 0f%ach client

received data packets from a

S"é‘é@ib%ﬂ?f eﬂelr\/%gﬁ £ F)ﬁggélgs@ta (K7 ind %/p?qrjgln g,ya Hgtt{:\%tdndicates
bé‘BﬁD%?@%‘gyﬁ%b%éng o |Sf305|f}1f%;3lp@gte@leta? station. For exampl, the
beacon signal may include a timer synchronization fun_ction. (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
typve. 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 aIternatiVe 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

conpteted transm ssion and/or the beacon interval is
to expire soon, the nmethod 184 continues to step 206.
G herwi se, the method 184 returns to step 203 and the

If F418k ek Wadthed B4 RoRfRlks Fé) sﬁé‘ﬁ %gt 'lr? %Eeapakﬁgpﬁﬁe tc?ent station

transnit in this manner.
nacti ve step 207, th
acbRhine wielE: P%“E#ﬁrwaamwﬂu@ St frigy 1 ek tbp method 184
4 detern1nes whet her the inactive
reﬁ‘ﬁ&é tois ﬁ%‘?n%g qml?? sq.the methodht84rephtinuestd stepe20% frostep 202,
subsequent beacon intervals and returns to step 188.

therc 'eat glation fiesefstthe iF 3 Smare endrthetrethioep! R0&tul@18%¥tep 192.
Referring now to Figures 9A through 9C, the timng

otfieayicads, theoclidnt staticat esntinses endvaditHeer N tidd &5 & long as the
the present invention. If a client: station receives a?

trateimispiotk etiedilima ipafréd cullgrinky B ﬁeﬁtr QR eg?(l?tg g&g\{lﬁfs on the

preceding 35 client station, e clrent s

tr@ s SRAMABHN | the IES Tindi&le¥cfs L ransm tting data.

the client stat'ion does not recel ve the particul ar

dat et fr recedi ng_client
st at 0%8 the cl :%t% %Q@;tt 8nc i éta?'ﬁe Gnslits a Asta ipmsket. In
e rans ata. In the present
St??rp;ﬁ{ Ieameg}ngc} égghg%tﬁrr@me%mﬁtw the client stationrtkas received

mai ntains a table of MAC addresses for all other
datirankets farerall the ofher dientostations imttherwinsleds .ntwehk, and/or
client station is able to identify the data packet

whetber thedbéacon e nvawitl expireys diire CE diud tid i
based on its MAC address. Additional Igy, 2%??10%%% continues to

. stpRci08. iInGhlddeshé Hthethiaat 1849 (g gaeSL bﬁénwﬁ aIL packets are

in the station access sequence

reb@u@édV'IH%tﬁbf %?dsgtl éfl %fbtf % %Egpggeq §rt{r%ygs?n|53|on and/or the

particul ar data pac
ol BB ?%csééi “Bhe T 10h5a0kn e o e 206
Otherwise, the method 184 returns to step 203 and the station waits whilé each
client station attempts to transmit in this mannef In step 206, the client station
enters the inactive mode. In step 207, the method 184 starts an mactlve mode
timer. In step 208, the method 184 determmes whether the inactive mode timer
is up. If true, the method 184 repeats for subsequent beacon intervals and
returns to step 188. If false, the method 184 returns to step 208.
| [0109] Referring now to Figures 9A through 9C, the timing diagram
210 illustrates a second implementation of the present invention. If a client

station receives a data packet of a particular type from the immediately preceding
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i mredi ately preceding client station, the client
station waits the IFStine 1. If all «client stations
recei ve the data packet fromthe corresponding '
i mredi ately preceding client station, all client

[ T S AL as,.sho vj ous| in L

o e EE steront Al B35 38 e TR el radlgre ansmitting
L,ag 2 L1 Lustrates peration of the client

IS 213 ek LA BbER indlEopbie thsoeariular cdmipveaciet from the

. dat& Eﬁaacket .rom an i medi ately preceding client

IMPSPiRbHY PrReeqing Slieel siatipnsthe clhent statiors waits thedddfault IFS time
packet after IFStime 1 as illustrated at 212. ‘

befettransmittiag deta ohthel present irpleaterdatesn, neichdiRPElation in the
receive the data packet fromthe first client

neswark omainteies ef tabte of MACeaaaksebs 98F af lAhEP R LSitions |
the IFS time 2 prior to transmtting acgata%%%ett%t'ggs in the

nétiworgt natalefivoddd - eddie cFi(?ri}tr gta?ihﬁ ST 36 iciﬁlgréﬁt{yot%%rcligta packet

recei ves the data packet om the secon
SEREHG ; lLent. station .36 properl:
e ece: vgbsmﬁﬁ‘g ﬂ&ﬂ?‘%%%% %é%gﬁlr&ﬁfﬁﬁnt(%%% |I?a§@§tqrb¥§ MAC address.
T ~Lhe thir client station and the nth
A%élﬁé'ﬁ%l%t%gf;f] cﬂ%t%a(&?h@q%% infRrmatiney hag identifiesiits ordgr in the
dat a. f[:fglll] Referring now to Figure 9B, the timng
Sty ASRPSS FEaHENER rlgt s spenren, enredeivihg dienéretation is able to
_statjons when all subsequent client stations do not
deteeinge ifa ad deatipiai etatar packetpvesediangnattb@nby St iifinediately
The first client station transmts a data packet

pra¢eding|diSnt statiod. as il lustrated at 216. The second,
third, and nth.client stations do not receive the

dat et fr f fent Lan.. . The secan

cii oo kGt onP P8, Rt GaliGh ro3bRb dfe, gate” pRERE fom the

i i i sl ustrated, at 2 L '

IS bl oA spBUaet FRPE VSIS ime 1. 1ral
fThird .and nth client, statigns do not need to receive

Cll{eﬁte Sg%q pé%é%yefflr@m R3 feemethe cormaspending immediately
ordrt? use the IFS tinme 1. If the third client

prgf%{fpgﬁ Igpﬁ}_@}l@@h 3leglign} gtations 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. Likewse, if
the nth client station receives the data packet from
the (n-1)th «client station, the nth client station

PR RS e 35 e it A s d R BioR o erefare. the tira
cifph ST Ay Y08 BACEistctblon Mai e 158 anact befaractransmiting

he first client station transmts a data packet
d fiter 1FStinme 1 as illustrated at 220. The second
client station does not transmt. Therefore, the '
t hi r[@181] ent SRafering t nans bt FigurdatgB, pagkeﬁmia?tq;agram 210
waiting the IFS tinme 3 as illustrated at 222. If the

llustrates iopetatiirabf tre chempstating WFRINVAS sibSedlfdit di :
fromthe (n-1)th client station, the nth cﬁ%nt&@%g{at'ons do

ndttratéios 41886 b§§kétifPEﬁn]a p?gcéggé;égﬂeenrfi\%t%ﬁcﬁg L'{I’R%ng?fj gl\@t station

in Figures 9A through 9C su
{ b ' JFS ti i.f .the. i at el
N Rt PRl P S e L ustiaued 3 276 clgetond, thia
rEhh SR SlatiprBcky Rot peseite et packehdrom fise fisticdiant station

station is not able to transmt a data packet, the
ThesgerRNd Fiesitstation waits\ihelIFSrtime @i prier toarangiaitfie a data packet
after IFStinme 2. After the second client station :
astilustsated ot 218. davwepear ketordittetd thiersteséntifiplein@htRdn, the third
will attenpt to transmt a data packet after IFS tine
antl nthostievestatione dd net neéd e receldtePBatd bAcriRirforiMd kirst client
the second client station conpletes transm ssion, and _
SO r 1 after 1ES tine .
S SEPBUIE P £ 108 T KRl o Focoives
i EC ri in_Figures,9A t.hyou 9C. '
1 A TR Oy 85 SERH ol O L AU S5 uses s
operation in certain

, i .0t b t hat |
t'"i%:ﬂ ?—%ﬁ@ﬁ?slf #t%e ﬁ%gﬁm;&ﬁ&n re%elves the data packet from the (n-1)th

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

[0112] ~ Referring now to Figure 9C; the timing diagram 210
illustrates operation of the client stations when one client station stops
transmitting or disconnects from the wireless network. The first client station
fransmits a data packet after IFS time 1 as illustrated at 220. The sééond 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 stc;ation
properly receives the data packet from the (n-1)th client station, the nth client

station uses IFS time 1.

37



[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,

t he stat [, ons. i ve the.beaco
beaE(Hw‘II i gnal n%‘??fd@?ddg?%v? I’f?:\? 'glér&seg'?nsthg%‘ subsequent
default IF so the client statiaons, whic

cligditatanseyi tll’ﬁéa %P temﬁt'v‘ﬁéF ttﬁvemhsdaﬁ%d@tﬁﬁmm@dmg client
for each client station. In step 232, a client

statipat iransmitiest @ pasticwiat Kefa inadketei teweyedain gesteketsituations,
fromthe client station in slot m1. If true, the

coliisibhada 24cuennf omeremple, itthe f2Sticlieint sfaionds nioh abletonteahsmit a
224 continues to step 236. In step 234,-the client

dafd padian, il dscord @lldreshaionviRilll thndrhi® détaéﬁadkét &Rer IFY time 2.
than the default IFS time. In step 236, the client

Aﬁ%ﬁé gﬁé QR YR Ldichh Statffl RHhEmItEhe I dRa p3KEL ]tﬁé]thirg §?|Eﬁp station

he client station determ nes et her

wiltnig[{gg'ng)ﬁ ﬁire%gﬁfl g %%tgt @fc&?ﬁ%ﬁﬂdﬁg tfqlnef E-E)’wevieé the first client

net hod. 224 . ontlnu 241. In step 241, the
Staéioi”eWﬁ‘ walhindh h%é?@?"r\'i?ﬁh%”%@?‘ﬁ@rcqfﬂlé'ef%%ﬁﬁ@éﬁsm and also
mediumis free. If.true, the nethod 224 returns to.
attemgy fedransmit o s@atat packet tfter2tS cimei Auerssubiingt &p collision.
242. Instep 242, the client station resets the IFS

Therefere, altitbudte thet ingrle@@htatizinudesctibed tiepFigares [ORL #Bjough 9C
In step 240, the client station transmts a data

proAg&ekignifitans irApradetmenths amﬁ?élﬁéﬁré’e?énﬂ%rﬁﬁghtnﬁscan be seen that
whet her the client station has received data packets

opfeFéHBrﬁ'nl ce‘?fé&nf%n??%@@%ng i%tqume%u’aﬁ id.he W rel ess

et wor k, eacon interval wll

SR IO, WoblHRL R S50 78S PR 3 Becton
malfirdt R beREsHAeBaRs crction 2 he gt aﬁ%gﬁ traggition o the
ac%sgcrggde 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 seduence for each client station. _In_ step 232, a client—
station deterr'nine.s whether it received a data packet ffom the client station in slot
m-1. If true, the method 224 continues to step 234. If false, the method 224.
contivnues 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 nmethod 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 transmit in this manner. In step 246, the

cli tation epter nmod n st
thefq:lrg od 224" ss‘ttéﬁt% ﬁﬁ?n‘g vsé m&e??rﬁﬂ%‘es I"ﬁ?%tﬁ@bthe IFS
. 248 nmet hod 224 determnes if the inactive node
timg; ?fe?tePg%j‘pof $iePi43Pais U freien e method @gé sostinges to step 240..
subsequent beacon intervals and returns to step 228.
If felser, dhgemethaek 224t ¢antinges toestaprizd t.o Iistségp 248, the Klight station
Ref erri.ng nowto Figures 11A through 11D, the timng '

dettiragnesnvtizlher thes trmasessston hhediunid d@ent Atthes ©k ieshod 224 :
present invention. The client stations are divi ded :

- retuisPtd %pOZSSTUTanQEOH{éSme%%’d QQQQ:O‘F\'UhﬁBé 1§ @ . In.step 242,
Wi t hi a group is assigned a default TFS ti n one

thd Eﬁérﬁ ?tf Rt b etk aﬁcfﬁle fh%tt‘iéd‘?zﬁ gétg?ng:? s eI;PE232.

particul a ent statlon 3 to a gr

| u i ncrenent al o.determ ne station
gccig%equenge sten 440 b I| n?a"&@'ﬁ"ﬂ'h @nsmitsEa dajadeasket. In

unber t hat determnes a rou IFS time | FSGL, | FSQ@&2,
Stﬂﬁ%@ the methad 2‘Ea{iﬁiewlun§ﬁtW§@ﬁle|rdheuqileat séatiarc iearreceived

group is assigned an |IFS station nunber that _
datalpaekets iy all ather diembistatiahsl inahe iwieldss néork, and/or whether
A3, ,Aq. Therefore, each client station is

th@macoatnmérvmlt\lmllaéxdlrléssmmupf frugbtie Aiihed 22HMScEiRIURto step
nunber. [0118] If a client station properly receives a

| 24@at @ tpaek e McRd@ 22@%&%8%% 2|91'3' Gt a?lt;?édl&@s %fre ?chwed
_ t c I on

i medi atel'y precedlng group, ent st
B R T -
R PR\ BBl P SoelB S ot B i, e
métﬁa%%éf?& F%ﬁ?nlst poestséga2|4{3egad Itﬁg sttét%en \(/)vfaitgl r\]/?//hilelocgzsaec.;:heglligrgt attempts
to transmit in this manner. In step 246, the client station enters the inactive
mode. In step 247, the method 224 starts an inactive mode timer. In step 248,
the method 224 determines if the in.active mode timer is up. If true, the method
224 repeats for subsequeht beacon intervals and returns to step 228. |If false,
the method 224 returns to step 248. o |

[0117]. | Referring nc;w 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 11A, 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 equivalent to a group IFS tinme | FSGL

h
(R 8 SRR TRT RS echlell ok Wipe it Ar cremental
IQPEHFRTE FreME AT aCGns Sienc: iy ssianed an IFS

have de ault IFS times 3 and 4, respectively. The IFS
groUpahumbesthat detrimings agraupdbSsime 3GielASGRRIR8GES, ... IFSGX.
~_the increnental delta tine Al, and the IFStine. 4 is = -
Eaghiicliantestation in leeparticutar grsupiismsskBeal ah UESt $tation number that
~increnmental delta tine i2. Fifth and sixth client

deteanirmssamircretrenitaindelta dmé &10h2a AN, rﬁqQWH@ref@t‘éd éach client
have default IFS times 5 and 6, respectlve y.

statio® iSassocsted atean IES grdGp "F\uﬁft%ﬂ%nlggﬁw [ %}E}ﬁ(ﬁﬁ@bgr

pl us the incremental delta tine

IS aI ent ¢t time | FSGB
i ncr dellfté; &tlhaﬁt %E)%Hﬁ[ bg%r|yE5%??'%% fq,epacket from a
IFS reater tha recedin rou
e gp%'aé‘w‘?gaastfoﬁw@mmeo@@el‘yapqq%ﬁemqéro%@? the Glent station
exa t he roup IFS tinme IFS& is greater than the
u Gf% Wé”?%fr#% Itimesof @i Grsresinending client séation frbndehtch the client

time Ag. Simlarly, the group IFStine IFSG3 is

stgtiemhes properly teeeivedoadata-Batkete |h BB worts, ifithe client station is
incremental delta time Ag. In this manner, the client

asdogiated with FRUbatigHEN the CRENSstEBYS u%@@% sﬁ%u@e{ FFé Fr%e of any
times than the client stations of preceding gro

' pr'giagarh@qq:g st&fibrh HSi ons between client stations of
ferent groups is avoided. [0121] The first client

R TR A A b He s o
< 1B B B b PR A ES e e hsacbetey
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 stationé 1 and 2 of
a second group and have default IFS times 3 énd 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 éroup

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 nunber 1. Therefore, if
the third client station receives the data packet from
the first client station, the third client station

<SPS g Gy bl S 18 e o

edat ckets fromthe first and third
e iR R B R S H Gl Pluh the insreorenvaisiih frme A2,
EIthu% tohe IFS_tiime 1 or the IFS tine 3, whichever is
smal 104201 | n th%aﬁfﬁ e§§ﬁ‘fe~°§>k\éﬁrpg@upt HESF i ik a@s$ i grdater than the
statjion reuses the IFStinme 1 as illustrated at 256.
prepedivgcarupdFiSetimespisi am indrearesitalt delta dm,eaAgaCk@rt example, the
after the IFStinme 2 as illustrated at 258 | FS

groupelFS time HRBGRakepeatar thae ﬂfeogfbdd:ﬁ:é 'tfﬁ?e %1% plus an

the increnental delta time A2 as ustrate

indfeendriHr B8It& tingd APt @r‘nﬂeryp efgl q@?{paln ¢ eusg@ééés gFeater than |

fromthe 41 second client’’'stat

thlidiBust 195 e ISR M PlrthBhlaR Ao time, AGaiih Thi manner, the
iRA kah E second and fourth client stations,

c % ﬁSf B0 PubP S TRt Reve foroer dataundr S tanes then the client

tf present exanple, the sixth client station
St?@?&%@ tqﬁ@Cq%(#iggtgr.%lpg ad herafotest ealisionmtbedé@en| @LdR]stations of
.Referring nowto Figure 11B, the timng diagram 250

different grepssistaveidgsbr at i on of the client stations in
the event that a client station does not properly

recqd0t21p dat aTmcnKﬁtclfern@rgta':novrpfréﬁ%ﬁ@dé H%fe?' LERLt after the IFS
station in a preceding group. The first c 8

tireé At 49 NuktrafdThi 858 91%1 @ﬁ?@ﬂ% %B‘(f)f | étn%nEtSa?mg {1 IS equwalent to

as illustrated at 26

e T N .
Ll red 2 The fifth cl
T D R B o 453 o o

ent_stations and transnmts a data packet after the
1. | §etrqaf,%e,1lf dbe 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 thé present example, the fifth client
statlon reuses the IFS time 1 as |Ilustrated at 256. The second client station
transmlts 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

' : [+0n. fourth.client stat.io .
sefoh e Bty pABTRANEL e 175, 11887 Bt Bhe, 586k RlieRl station as
- ..clien tatio and transmts a data packet after the

iIfsrated ol Z,e e Geth gt sistroreces i drim packets from the
equi valent to the group IFS tine |FS& plus the .
secqpd ansnforrthadians statigmsi andgherafpiestausesdhatiF8tBne ther the IFS
sixth client station receives the data packets from
timnd. lncberpresentakampld,itba.sixthdliehestfationtrbusés ¢ IFS time 2 as
station. The sixth client station is able to reuse
ilusititaited at pe2I FS tine 2 or the IFS tinme 4, whichever is
small er. Therefore, the sixth client station reuses

the [bF&2f i ™ Réerin UﬁéWaE@th@gr%MﬂB42tglao}i%ﬁhgzg@gram 250

Referring now to Fidgure 11 imng di'agra
anl { is f..the. client ations in, _
it i SerPOnaR IS RIS Retion vt ot It gotiont Station does
dgro'_perlg recei ve a ??ata gacket froma corresponding =
NCL| PIOREME TRCEYS 3 Aalp packeliTiyn 7 distespending glieafestation in a
exanple, the fourth, fifth, and sixth client stations
Preeeding gipuper The (fissieclientt staticmttransavicen daterpadiet tdftardhe IFS:
client station. The first and third client stations

times & ashibustFiedi ate26l. aTheldisind chert sibitorereddpmvibie, dathfacket from
fifth client station does not properly receive. the

thelafirat pekeistiticrmdnie ttahishfits 6! HERL pakRét 9 i |
therefore waits IFS tine 5.S The seggngéﬂclg?gﬁtqﬂgtlgtsl (;ugne 1 as

ill Rt ti cowhibeh s shar t {rg . -
kS o o TR A B oG R HE DAL ER o e s
i f.t. dent. stati .ansmi after, | ES ti as
o i1 S abggont' R et BT BRLEH M KT8 e 1 oo
. station u the IFS tinme 2 of the second client
ingtie AT 288 fhe oA gt S1AUSR SN Pt dacke! after the IFS
 follow ng the transmssion fromthe sixth client
~ time 2t apilustiaéed jat 270¢c | Thatfogrthtdlient stadiosndaes notlptaperly 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 transrhits a
data packet after the IFS time 4 as illustrated at 272. The IFS time 4 is
equivalen't-fto the group IFS time IFSG2 plus the incremental delta time A2 as
iilustrated at 273. The sixth client station receives the data packets from the
-second client station and the fourfh 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 IFS time |FSG plus the incremental delta
time Al as illustrated at 279. [0124] Referring now to
Figure 11D, the timng diagram 250 illustrates the

ope of t nf vent that one
p n@ﬁ'z@g i entﬁsfse?é'bgongvcvtsﬁé g@ﬁ r?ﬁ? ﬁbedotl'{“lfr]‘ge diagram 250
n th a t he secon client
.||.§§ ?V@%kme ORgra 8ﬁ e? &ﬁ H{Ttgtq tipsaiy they &vret dhatrraultiple client
first, third, and flfth client stations transmt data
- statienfie not peeparhereceiye 2 gata paskeldsemi Hedrespending alient station
exanpl es. The fourth client station does not receive a -

indaPEegriir@grovpmintbe present exaimpid, theafourth, fithd and sixth client
therefore transmts a data packet after the IFStine 4

'stationd tostot prepkiyt red8ive fHeedataxpdkel R td MitddQient statlon The
receives the data packet fromthe. 43 fourth client

first ahd @Rird ANEnt StaibhE J<@ fl'%JFFGS binse WP g'teggrét%ecp 8%95] However,

“fourth client station as illustrated

d LES
*h;%ifﬁfﬁ%&"@%98‘%2f’dndéés?ﬁBEP“%vezgvz‘@éﬁ&vess@ep a4 pathet o the third
' rece|V|n a
ek St AR RIEER B, et M Siomats s
recei ve the beacon signal. The beacon si gnal includes
timata Whigh 'ée?@ﬁﬂﬂ@@%’%&ﬁ%@ dhetafore, itHersedandatiient station

nunbers for each client station as described with

preefrptetbe fiftocliérdustatorl bhd transgiits 1diter 1&S WRld 288s illustrated at
correspondi ng default IFS tines according to the

278.0The féisrth ang shith sliehestaliehs e thdgls ﬁ’mb'%TBf the second client
Alternatively, the group and station identifricati

sBSRReL, Bies SATR8 8r n om

station determ ne

SIRTGARSIHoR 1 EBG ED PRl & g BEEFERR S ame
as&[ﬁﬂ#r%%? %ﬁgggsgjﬁd\ﬁﬁﬁfe;@ﬂg%@uﬁv% er(;'tI tloethza gic’rtcff}})I I?:r{l} time IFSG3
plus the.i‘ncremental delta time A1 as illustrated at 279.

| [0124] Referring now 'to. Figure 11D, the timing diagram 250
illu-strates 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 seco.nd |
client station is no longer transmitting data packets. The firét, third, and fifth
Clieht stations trahsmit data packets after the IFS time 1 as described in previous
examples. The fourth client station does not reéeivé a data packet from the
second-client station, and therefore transmits a data pécket after the IFS time 4

as-illustrated at 280. The sixth client station receives the data packet.from the
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i'dentification nunber in the i mediately precedi ng
group. If true, the nethod 290 continues to step 300.
1f false, the nmethod continues to step 302. In step
300, the client station reuses the shortest IFS tine

d i ng i.ent, station haying. the sane station _
fo R B E SERLR afl S b oot 85 B T Rdires Aedittheriautbrsiont station
successful | recei ved a data packet. In step 302, the
a3 ISR 2982 vai ts the defaul t IFS tine [0126] In
step 304, the client station determ nes whether the
| FS [Mi29%¢ of sRefersog new ta Bigus922; a thipd IFS titnaugelettion method
met hod 290 continues to step 306. If false, the
29f:tegins2 80 staPBuel StersRog, N8 cligmt St@BndAhmé hevake prior to
client station determ nes whether the transm ssion

receiingna behc@e trddsrhisgion. t e retarns to.
step 304. If false, the net P S 3 At it S?%ﬁé’{gebécoe"’e the

N i e T N SR N

- ; Lie station fransmts a data
stalloafehtfiSiad S5rhesS o 2R lat 56850 AreTRed with reference
t t her Hgg gi enf station has received data packets

O FEMTER1 T StnEOEBNeAd Cst @t i WAR @ qafeespongiings dlefault IFS times
net work, and/or whether the beacon interval wll

acehiling taoihg. gnoupt Hife timen plusetheothce@Bentan tdettaetmieo Alt€fatively,
318. If false, the nmethod 290 returns to step 312

thengrioupaand staticet dentificatioreinuetbers | dreopfeessHGHES. Ihfstep 298, a
all stations have conpleted transm ssion and/or the -

clieg@etationi détémviaks iwhdtRe i Pééévé‘d)eﬁttahﬁeg@(r;egﬂgggaéggr more client

continues to step 318. O herw se,

st%ﬁéh’s‘ Witht 4 céFr@Qp?ﬁ@g@%gﬁ@rﬁ tﬂdqﬁ’h#@%@(ﬁ tg%tg%boqr}ﬂgtatcspgﬂ%ing group

o transmt 1In

' t | pactjve node, In step 320, the _
il PicPesER i pedRel BRI BPhatation i e Rogesporting station
. the. m=f\.t hod 290 . determ nes whether the inactive node
idepiifigation niynberinthe dmmediatet prsseding greepeat sué dhe method 290
subsequent beacon intervals and returns to step 294.
cqriinugp de stemd00. 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 _sﬁccessfully
recéived a data packet. In step 302, the client station wéits 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,

[ Fi 11D, b
IR Lo 504 FISE e b D Pl B FeR Y Teinusten 310,

: espandj n l.ent station fromthe inrediately
‘ﬁﬁr @F@@?@é‘%ﬁ‘r@as{.s ‘%ﬁc'gﬁoffrn%% andnt%reénemoait 2Yhretarns to step 298.
subqu)ql%e,Tt client station may reuse the shortest IFS
ti me! any pleStan 3§6¢cthe sliest atation raosiied datd packet. In
t he subsequent client station receives data packets
stepodd 2l thepmatbad kPG dataronises Mwather the tliéhestation has received
subsequent station 45 does not receives all data

datacpastkets from allibtesyutioht Statbhoh ire Wirkldss H¥iRoHO [e{&?g@]fwhether

the IFS tinme of a corresponding client station.

thidebeacorntowd Wil EkSe sbaf: 1I$Qruevalh'é%éth%)éeg§§%(rgéﬂnues to step

i npl enent ati ons of the present 1dvention ar
3Ref ' I he, pr nt jnyentjon can
%! O P aehon 230 16t0ms o FiePla 4 Sl Al Pk gl received.
420 In particul ar, the present invention may
Iy %eéﬁ%%@sa.'#nabjc??atwsi Y& cemRrieted; fapsmission wndrdrathe beacon
. g'?{ the HDTV 420. The HDTV 420 recei ves HDTV i nput
Inigryalf 40 iexplretsRaN, shevmettiod 290 casitimsies ftorstep 348( Otherwise, the
generates HDTV output signals for a display 426. In

medhag RApIretarns doissep,31a gndlegohociRssistatich bRUPtERE/ tnsmit in
control -circuit 422 and/or other circuits (not shown)

thisf meammerDTN step Iy, ther RS Sstatdrenifs f '
and/ or encryption, perform cal cul atni o%gﬁéﬁéﬁ@ten%é)éjtea In step

S maael 25D 85 a5yl HREY ¥ 8855322 %k s 20
d%kgt?fgin%gg\r?a%g@?eth@%\écﬁ@g HBYe CNEH AL GRL & Wb L MRS thod 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
cc')mbinedT In one implementation, referring to Figures 11A through 11D, a
' subsequént 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 tir}le of
any preceding client station brovided that the subsequ_ent.clie.nt 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

BB e e e AR 4 PSRBT taF A S kP to reuse
I K f 429. [.0131 f ' FI G ‘
0G5 Ui o p EaufiPeRO KA /6 SHAHON. mpl enant _and or  be

i mpl enented in_a W.AN interface of control systemof a
vehilP@%h30. 1Refesing | mementt EiGens13AHBDr eeritius  exemplary
invention inplenments a powertrain control system 432

impeinentations @f the poeseritriovention are stowen s Reforrihg HEWIIFNG. 13A,
as tenperature sensors, pressure sensors, rotational '

the gmeserst, inaéntidro van s BoplenmItéarin akight definifioh taklRion (HDTV)
sensors and/or that generates one or nore out put

420Nt phrteudrathe E%n@%\%?ﬂiioﬂemﬁpgﬁﬁlérﬂ?npgﬁgfégtrb%r ﬁ‘nplerhented '

transm ssion operating paranete na/ or o

5B AN B4R o THE NS i 5500 6LHC328 roBBUEE oy

.Siyﬁil emsn(hed i n.other . contr.ol %yst ns 440 of the o

SIGNAP & £19Sb 3 Wited Bnvirglessfoimeal ane danpraterduPdy output signals
recei ve signals frominput sensors 442 and/or out put

fog gntisplays Hgﬁal & iseem dmplemantationat signalierocessing Aircuit and/or
sone i npl enentations, the control system 440 may be

copénot afcuiind2nt and/oc lkothealdinagits ygiot nsHABS) of ahe HDTV 420 may
navi gation system a telematics system a vehicle

proe¢syTelata; s pasira toding a8/8 e RACHBtRS YiSdrfdhm &lculations, format-
adaptive cruise control system” a vehicle _

51043 PIROI S ST Do 3 0TEBERE R R RAL b requiroc
Tﬁgwh%%wjé@%ﬁﬁjoﬂ'&esﬁ%waﬁal n control system 432 -

- comuni Ca

[0130] The HDTV 420 may communicate with- mass data storage
427 that stores data in a nonvolatile manner such as optical and/or magnetic
étorage devices. The. HDTV 420 may b'e‘ connected to memory 428 such as
RAM, ROM, Iow_later;cy nonvolatile memory such as 'ﬂash_ memory and/or other
suitabie 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 bé implemented in a WLAN interface of control sysfem 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

atency nonvol atile
SRRy < 10R ™ REoot BiSPekrRl SO o rotabansiaspesors, ailow
- _electronic data stor agt; The powertrain control system
Se&@ﬁ"%\la@g Fa3Ny QiReioFHTARIANRNSH @nglemthat \Wexeraies ane or more
WLAN network interface 448. The control system 440

outpyt sgosdral neipnals seish @at engirer ayperatirenoparaansteey, ransmission
W.AN interface (all not shown). 47 [0134] Referring

opesating par@netss, ahbbrm‘théeﬁbnirﬁh/ﬁghalgn TRE Rficle 430 includes a
i npl enented in a cellular phone 450 that may include a

povedr sipply aggenna 451.  The present invention may .
i mpl enment and/or be inplenmented in a WLAN interface

f t [ I t at
?he [?el I alrJ gﬂﬁggrgﬁl el n[i.]|8 ﬁ‘%yn?ngpog%gﬁfgolé&‘g’%i% in other
d
COZ]E%L'MVS*%# 44 <af G Y Rais4 30 bie sanimapbesiamy de mey ikewise
6\ 3/[?' poi nting device, voice actuation
reﬁﬁ'&?oﬁ"g'&? REFONNPRHt §e0pers. 442 and/oppuipes siondrol sighals to one or

-~ control circuits 452 and/or other circuits (not shown)

mpre ewipUL ERVigEatdghdnesoms imptementatiens, tHetoantEEISER 440 may
codi ng and/ or encryption, performcal cul ati ons,

bef partedf atabatidock brakmegfsggmn@ RBS)C&Inawiction | :
functions. The cellular phonte( | r)ml udesgga pg%/\v/e}?esuppﬁeyematlcs

T SR YT MO e e

mass dat a t

Cﬁ%yegébwé% %e%ﬁtlég%fﬁﬁ?gfs an /or fr{a%rcl)etD\?D compact

stora
RISl SR ER Rt vy q%ﬁemﬁmma'té’dw
[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 optlcal and/or magnetlc storage devices. - The
powertrain control system 432 may be connected to memory 447 such as RAM,
ROM, low latency nonvolatile memory suchvas flash memory and/or other
suitable electronic data stdrage. 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, hemow 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 wth
a WLAN via a WLAN network interface 468. [0136]
Referring now to FIG 13D, the present invention can

be dqnlement jn.a set top X 0., The present

inv {Tlagﬁ rmyeF? ARG 1o e ER’O Bégl PPeREESERY Inyention can be
. WAN interface of the set top box 480. The set top box '
'mﬁ%f“eP{:e@eF\/@sC%EU&faP@OW é‘rﬁoaﬁ?éune)é ineludead cgllular antenna 451.
broadband source and outputs standard and/or "high
TheetRrapentoinvandion/ wajedmplement and/omtilee ifmpleraedicsplimya WLAN
488 such as a television and/or nonitor and/or. other

intarttee cfittié wellaladiphonet460. tesdmesmplddehtatitils, the cellular phone
processi ng and/or control circuits 484 and/or other

480 Iretlides & MocrsgHoMe) 486, ah IR butR 2480 a88Y speaker and/or

process data, perform coding and/ or encryption,

R8G5k A ] SHORE PR B R A0 ke

er set" to he s

0
.a pavwer s ly 48 37] The set top, box - .

PR GSicB e bt Mfiohn andlos e nedlor Gtiee 4oBianauprocessing
stores data in.a nonvolatile nmanner. The nmass .data :

a’ﬁ/%fr BRfErol AYGUHA P S2nandlge o emuita{apbehewyhit the cellular phon
st orage devi ces such as hard disk drives HDD and/or -

43%v/may mesesstdatappetiosm 48@inppntorcamorgpticrd perfommealculations,
494 such as RAM ROM |ow | atency nonvol atile nmenory

fosmahdata Bhakin pafarny otiestdéaliulat blesne Yirheldrd. eireet EQRIg phone
data storage. The set top box 480 al so may support

inclaaas at ps W d]‘y-ﬂSWAN via a WAN network interface
496. [0p138] ile the present invention has been

Ses7S8F 1) Mo EIAPHAe kBT QR i grass o
e 3hp R 536 4 HPbe Bl BTS2 ob et ancior
magnetic s_torage devices. The cellular phone 450 may be connected to memory
466 such as RAM, ROM, low latency nonvolatite memory such as flash memory
and/or other suitable electronic data storage. - The cellular phone 450 also may
éuppor‘t connections with a WLAN via a WLAN network interfa_ce 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 ‘sig_nals from a source such as a broadband sOurcé 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
teachings of the present invention can be inplemented
in a variety of forms. Therefore, while this invention

| p ' (] th .t h rti.cul ar
SigR8l ORERss iRy 8P EhPor SRS AR Pt MReneiiiBot shown) of
: limted,si ther nodifications
o oeY b B 480 B oo R PSR €0 ieand/or shenptiparperfom
tudy of the draw n/gs, the specification and the
Cal?%ﬁﬁmﬁlﬁqdowaﬁ data and/or pedomnsmy aiher 8Bt 1op Bowifuredtiems The set
network device in a wireless network that includes a

| topihexA8G ipchfdesi a pbwees supplyotdd.devi ces, conprising: a
radi o frequency (RF) transceiver arranged to transmt

and [048%] ve dBhe gectRt HoxNd8pera9diceMrhinibARNWHN nMss data
recei ve a beacon; a control nodul e arranged to -

SteRIGELAOC ah 8t MdrBs tdia T 4 h@ﬁ§&§iil§:malnpgﬁt Sl s% -data estorag.e

group identifier and a station | I'er base

' . ar ot fault inferfranme spac _
A REY indlde GRIEE e Prachdtfe Sidan Hiess st Rard disk
' d wirel ess networ evi ce,
RSP BRE/OrdaKPRol TR i 4ob S 146 goa be sannssted e memory
one of the default IFS tine and the second IFS tine
495Q§'&P 8h RAM. fxQlh lowdatenty eonyatatichmesnanyi such as flash memory
identifier of the wreless network device and a group

anddentffaresuitaide lectadniordatdestoidgeer Tars o6l &L boxWMah also may
the data packet. 2. The wirel ess network device of

suppairtrechnaleeors Withhe VEEARNEa BRFLAN ABtviSKliSSakhaieor
equal to the default IFS tinme.

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

| [0139] Those skilled in the art ban now “appreciate from the
fbregoing description that the broad teachings of the present invention can be
implemented in a variety of forms. Therefofe, while this invention has been
described in connection wi'.th. 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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3. The wireless network device of Caim1l wherein the

control nodule determnes a group identifier x and a

station identifier y based on the beacon. 4. The

wi rel ess network device of Caim3 wherein the contdvg wise

nodul e selects the secong A time when the second

W rel ess network device h 5 group identifier x-1 .

and, a station identifier y, 50 LLOYD WSE 5. The

Wi r & esﬁn‘@?%?ﬁ REIYPEE dsvice i m wirgless cietwoRke thahinchides a

dul e sel ects the second IFS tine when the second

pluiglifeplwireless networkdavicesa gemprisigoup i dentifier |ess

than x and a station identifier y. 6. The wirel ess

net wor k @l&adiodregfueCeyi(RF Btrahsceiver drrengeaintor whngrmit ahg receive

selects the default IFS tinme when the second wrel ess '

datagtackets atelpenodiesiyatrarismit br rétdid & beacgnand a station
identifier other than y. 7. The wirel ess network

devi ce of c6hFoIthddiiaeAPanl ey t%rc%fﬂmbéﬁta:iém With! th Fs’fgg%gﬁceiver,-

on the group identifier, a delta | 'S Dase
. statjon i j L h fault [LFS ti IS a
detblifing{ & o0 96 er o pSfir el basercoh e begbo, and
The wi rel ess net k device .aim 1 wherein the,
seig i or'e ARl IS S e e, AGegpnaNES time based
deéault |FS tinme or the second IFS tinme. 9. The
on &; Jaip packebierivedifoma sgcondaviieless metwerk devipei whartgin the
aoijower managenment nodul e that transitions the
conior énedide ristamangatbio seldntitheconennf thetdefaultdBES tmd amd the
i nactive node, that transitions the w rel ess network

secondilES time basediohi the gup iehtfiert and the EAEE HORAEP B the
tinme and that transitions the wreless network device

wirdl@sd RetwdrRdevice BRES GlouprideRfidRand 238RRINVAkntifier associated

transmts the data packet.
with the data packet.

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 control module

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

4, The wireless network device of Claim 3 wherein the control module
selects the second IFS time when the second wireless network device has a

group identifier x-1 and a station identifier y.
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51 LLOYD WSE 10. A nethod for transmtting and
receiving data with a first wireless network devi CELéyn

a wreless network that includes a plurality of Dwise
wi rel ess network devices, conprising: transmtting

ande r ecefyl . perdodigally transmttin

or d?'eceiem(én%&%&Z@%ﬁ@%é?gpﬁiiiqﬁmbgﬁ r@)%fﬁ"] ﬁ‘gngqt[cg,rﬁodule

18 d.a station lgéi?.ntifi er phased on the beacon; and
selélp BersaFosel R TR the Seesnd Avielesmpetorkeviconas a

and a second |FS tine based on a data packet received
gropp igeniifies lassdhan Xansgsa stationddentifiesyi ce, wherein t he

step of selecting includes selecting the one of the

default IFS tinme and the second IFS tine based on the

group identifier and the station identifier of the

firgt wiThd adrelosstvetimorklasiice oriTlaith 8hehdteirfd@it édritRl module
a

and a station identifier associated with the dat

) T f j [
seldlitggktﬁé défault TIPS iRl @Meff the! %?Br}%g%gés%;ﬁgwkf@é@ has a

time is less than or equa
e L Yolo [ [ t her conpri sing
groggt%é?nr%&%lr ﬁ-gyg?‘g %?%‘%ﬂ Itﬁé%tﬁ[e?f)ﬁe}%&i d a station
identifier y based on the beacon. 13. The nethod of
Claim 12 wherein the step of selecting includes
selecti nﬁ the second IFS tine when the second wrel ess

nethwor k &/ wirelessedwor deiice @k flaim twheraingngraup IFS time is
station identifier y. 52 LLOYD W SE
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.

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

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

9. The wireless network device of Claim 8 further comprising a power
management module that transitions the wireless network device betwe'en an
active mode and an inactive mode, that transitions the wireless network de\)ice to
the active mode prior to a scheduled beacon time and that transitions the
wireless network device to the inactive mode after the RF transceiver transmits

the data packet.
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14. The nmethod of Caim 12 wherein the step of

sel ecting includes selecting the second IFS tine V\’h?DOYD WISE
the second wirel ess network device has a group

identifier less than x and a station identifier y. 15.

Theqdret h ' ein,the step of selectjng .
i nc?%esﬂqggfheocgt f)dnrgnP r%ﬁ%*@@[%aﬁ? rpEgV{q a{ﬂwg’ﬁ ¢ A dirst wireless
w r.el ess network deyice has a roup identifier

neBERRE G if e Bire SR atwpts thef Mctldasan pjlraky of wigsless network

net hod of Claim 10 wherein a group IFS tine is based
devices, KeMRYish i dentifier, a delta IFS time is based on

the station identifier, and the default IFStine is a

sum of trengyniting amdredeidngddta pacldsta | FS tine. 17.

The method of Claim 10 further conprises transmtting

a data meridditallyfttarsneittingadr rebeivitef #bbhcod;S time or
the second IFS tinme. 18. The nethod of Claim17

further dqBRhiNMdE droapSHEnttir %dté“%téti({risfdenmiérei@ﬁdeon the

net wor k devi ce between an active node and an 1 nac
bedBof€andherein the step of transitioning includes
transitioning the first wirel ess network device to

the actiy de pripr schedul ed bea t.ime and
Uranei 1SS0S e of 7 deBadt WfRifiatia srais GES) merand a second
I nact ibve node after transmtti nc? the data packet. 53
IFS time based on a data packet received from a second wireless network
device, wherein the step of selecting includes selecting the one of the default IFS
time and the second IFS time based on the group identifier and the station

identifier of the first wireless network device and a group identifier and a station

identifier associated with the data packet.

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 determining a group

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

13. The method of Claim 12 wherein the step of selecting includes
selecting the second IFS time when the second wireless network device has a

group identifier x-1 and a station identifier y.
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14. The method of Claim 12 wherein the step of selecting includes
selecting the second IFS time when the second wireless network device has a

group identifier less than x and a station identifier y.

15. The method of Claim 12 wherein the step of selecting includes
selecting the default IFS time when the second wireless network device has a

group identifier x and a station identifier other than y.

16.  The method of Claim 10 wherein a group IFS time is based on the
group identifier, a delta IFS time is based on the station identifier, and the default

IFS time is a sum of the group IFS time and the delta IFS time.

17.  The method of Claim 10 further comprises transmitting a data

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

18.  The method of Claim 17 further comprising transitioning the first
wireless network device between an active mode and an inactive mode, wherein
the step of transitioning includes transitioning the first wireless network device to
the active mode prior to a scheduled beacon time and transitioning the wireless

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