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BEACONPACKET HAVI NGTRAFFI C | NDI CATOR FLAG Field of the
I nvention The present invention generally relates to

wo b@4fiisbksl of wirel ess communi cati ons, and norEBCT/US2004/016802

particularly relates to wrel ess networking of

Wi rel ess devices. Background of the Invention Wth the
advent of the | EEE 802.11 wi rel ess comruni cati ons

st andard a new market in wrel ess conmuni cati ons was

bor n. Bﬁ%ﬁ@&@@@m&mqﬂmp@mownm

pr ot ocol | ow ng wrel ess devices to comuni cate

with a wireless base station. The w rel ess base

station (al so known as an Access Poi nt or AP) provides

a network for the w rell‘gl§ % onnected

wirelessly to the wirel Ei éé% " lP{fm I n addition,

the wireless base station can further be connected to

a Local Thar epresqat wirvenfiomngenesally declaiese atiNethgor feldwax) | wireless
a Public Switched Tel ephone Network (PSTN), a

d egbingatirgchiion§ieandomord paiticldarly Sulates aocwinelest networking of wireless
provi des further network access to the wrel ess

deyyges. connected wirelessly to the wrel ess base

station. Wreless network access for users of wreless
devices is beneficial, as it provides users with added
comuni cation abilities when noving around a building

or office, or traveli a rwise on the road.
Wrel ess network accgggkgrﬁb‘ﬁﬁygﬁ‘ ‘élén?fbt cone

wi thout_its drawb Wi rel ess base statjon
regul ar Wjth ﬁlﬂfb%fb’@afs@fsth% 5%1%% SOBAE patelesy %%WUTB@OWW@W anew
exanple) to all of the client stations (i.e., wreless

dembrketsin wielnsceoztnuiications stag bo. tThe 802.11 communications standard
describes a protocol for allowing wireless devices to communicate with a wireless
base station. The wireless base station (also known as an Access Point or AP)
provides a network for the wireless devices connected wirelessly to the wireless base
station. In addition, the wireless base station can further be connected to a Local Area
Network (LAN), a Wide Area Network (WAN), a Public Switched Telephone
Network (PSTN), a dedicated line, or the like. Such a connection provides further
network access to the wireless devices connected wirelessly to the wireless base
station. Wireless network access for users of wireless devices is beneficial, as it
provides users with added communication abilities when moving around a building or
office, or traveling and otherwise on the road. Wireless network access, however,
does not come without its drawbacks.
A wireless base station regularly broadcasts beacon packets (every 100 ms, for
example) to all of the client stations (i.e., wireless devices) connected wirelessly to the

wireless base station. A beacon packet holds a variety of information for processing
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Wi rel ess base station. A beacon packet holds a variety
of information for processingby each w rel ess device

w@oract’esl wirelessly to the wirel ess base st ap¢DOS2000€16802

aspect of the information that is present in a beacon

packet is traffic indication. Traffic indication is
information that indicates whether or not there is

data buffered for any of the wirel ess devices

Coﬁ'}? £chBHirdbds Rle§RE | c¥niRiddNPirdibdsh] BSRe RARRsS bkl Bifion. One aspect
Traftic indication informtion, "however, is Iocateg

al t at the end.aof a conventional beacon cket., A .
o1 Pl Borbfat e W FeblCU R pREEl RorBiEsBuiggton. Troftic
entire beacon packet in _order to deternine whet h%r
¢ hiarian fp BB ERaLnAigHtes Wapthed ora1oh ST pREuHeRdfor any of
is wasteful of processing resources, as the wireless
dethecwireless geviees conpactede sdrelessiyl toi thed eviegless nbase nwatiamn Traffic
that is not useful if there is no data buffered for

t hadivhti@l asendaun dowelt, & losatabaimosiud gk dny dfheohaatitional beacon
that a beacon packet is broadcast every 100 ns or so.
Fuﬁcﬂg@g, during processing of a beacon packet, the

wi rel ess device nmust be in a normal operating node,

and t h%?&;i%fltgstgt\g 1 S@?ﬁfite@%@@éﬁ?@r@ug rH@éss P %Bﬁltei con packet in

rate. sources |

portabl e devi.ces, as the wireless.device is forced to .
DR SREE G Sinelr Gise it dFR Rttt e dhp eSS fesice: This is
Is not useful to the wreless device. Again, this is
conpuiefit@d pygcossing fraequreeiaps fhe duedess pdaviast 1y forced to process a
broadcast every 100 ns or so. Therefore a need exists
t omoltidwdecrfenfomatporothhisismotviteful tihtheris ap datat bugifered for the wireless
di scussed above. Summary of the Invention Briefly, in

?ﬁgﬂ&?gﬁﬁ Wicbpemrica vyahé fot tHdhQ RaasEPickbiiRbiddeRst every 100
ms or so. Further, during processing of a beacon packet, the wireless device must be
in a normal operating mode, and therefore consumes power at a normal operating rate.
This is wasteful of battery resources in portable devices, as the wireless device is
forced to expend battery resources to process information that is not useful to the
wireless device. Again, this is compounded by the fact that a beacon packet is
broadcast every 100 ms or so.

Therefore a need exists to overcome the problems with the prior art as

discussed above.

Summary of the Invention
Briefly, in accordance with one aspect of the present invention, there is
provided a method for broadcasting a beacon packet to one or more client stations,

with the beacon packet including a preamble, a header and a data portion. According
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provi ded a nethod for broadcasting a beacon packet to
one or nore client stations, with the beacon packet

wo p@kadi7egy a preanbl e, a header and a data porPCDNS2004/016802
Accordingto the nethod, it is determned if there is
any data buffered for any of the client stations. If
there is data buffered, a traffic indicator flag
Iocat ed before the data portion of the beacon packet

%OZ ﬁ'{? I{p?th@dfft I8 tdelePlined VR kHEe id hn Bﬁtraeodfferé'lpforaﬁﬁﬂ/ of the client

ered, the traffic indicator flag I s set

tsﬁgtg ?r}segflth%trval 'Si'ﬁta bl}l}?ergCF ar 91Jqfff%aﬁ1lﬁ?cta c{nsﬂ%? Q&gsﬁef&% the data

accordance WI er as
of the prggent i nvention, there IS(EgOVIded a nethod

f oPOTBPB ¥ <EF MgAcennRARkEniS pist ke, i 1415 Helupel cBfepiicitbrany data

including a preanble, a header and a data portion.
Acbuffetedghe baffisdndisathntag istset Ioensespndhlagicetalijes The beacon packet is
received, and a first portion of the beacon packet is
prbmemd-osbndmnt stagl@tser mM ne a value of a traffic

indicator flag | ocated before the data portion of the

beacon Hﬁﬁé@fdandef wih ﬁnétﬁ@fafsbé‘ct bNheGRéseht inb@fidnathert is provided a
first Ioglc value, a sleep node is entered. If the

trafk {Hgﬁ b Fl‘ﬂ% afq&&?ﬁ@k& RE Y208 Fackd fﬂ@]{!udﬂﬁl a preamble,

or “subst an e fenalnlng portion o
beaco

d
anaglﬁ@,ﬁ A1 g@@ r{lq?fg(?érsﬂsch% tot %%}o#q glnghetlﬁ,g %/@E(et is received,

provided a conputer data Si naI enbodi ed in a beaco

pagike firstinorianhel the beetonpaekabds processed Ag 2a t%ﬁ@a%m% a vglue of a
header and a data portion. The conputer data signal

i nohifidesdiaatbi flag locade beferba tatia poitipdi afghabgacar paaket. If the traffic
indicator flag that is |ocated before the data portion

of ifdnRtdEREaRs Pafiselogicandua asgepndodoiieens@edEthe traffic indicator
including a plurality of client-specific traffic

'opﬁb% ﬂﬁﬁﬁ sééoﬁ&%éqg 'Vﬁﬂlel AF 8t ﬁﬁ)s%ﬁﬁlf‘aﬁ be tfféatteﬁlaﬁf?ﬁé g&'ﬁon of the

eacon pac The traffic i’ndicator flag 1

SeE)eatcgn 8acfkle{1s proceg’sea value to indicate that

In accordance with yet another aspect of the present invention, there is
provided a computer data signal embodied in a beacon packet, with the beacon packet
including a preamble, a header and a data portion. The computer data signal includes
a first code segment including a traffic indicator flag that is located before the data
portion of the beacon packet, and a second code segment including a plurality of
client-specific traffic indicator flags being located within the data portion of the
beacon packet. The traffic indicator flag is set to a first logic value to indicate that
there is data buffered for one or more client stations, or is set to a second logic value
to indicate that there is not any data buffered. Each of the client-specific traffic
indicator flags indicates whether or not there is any data buffered for a corresponding

one of the client stations.
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there is data buffered for one or nore client
stations, or is set to a second |logic value to

WO p@iasat7e3 t hat there is not any data buffered. PERTR2004/016802
the client-specific traffic indicator flags indicates
whet her or not there is any data buffered for a
correspondi ng one of the client stations.Brief
Description of the Drawings FIG 1 is a bl ock diagram
illustrating a conventional wreless network. FIG 2
Is a block diagramof a conventional wreless device
for use in a wirelegs nuni.cat stem FIG 3 is
a bl ock di agram of . @WEWPPBRE[&W%/ 888 pase
station _for use in V\nrel ess conmuni cati on_system
FIG 4 F&.d léha&)éq‘%irﬁl%ﬁmﬁ isiatre perrentionat virgleaynetyork.
one enbodi nent of the present invention. FIG 5 is a
nmor e deFHi.| 2ds @i blgclamiagfana qi or tororniddnal eirddesacdayice for use in a
packet of FIG 4. FIG 6 is an operational flow
di ager® Shenimgatonkgaemn packet generation process
according to one enbodi ment of the present invention.

FIG 7 i, @lsoa%ﬁa&a kn&*@ rﬁeﬁ{%@mﬁ% BesePRGeat for use in a
processi ng accordi ng o one enbodi nent of the present

invention. FlG 8 [ bl ock di agram of an information
pr%’&rglggﬁ %O&]Ig%faehnlfggFﬂ for i npl ementi ng the present

i nventiQ tai] ed Decrl ion The sent inventi.on,
accor di A 1t dragrgt ph be amaﬁﬁﬁﬁcg%g@géaﬁégem odimént of the

problems with the prior art by elimnating the need
f opregdnt gventsemat i ons to process all or

FIG. 5 is a more detailed diagram of a portion of the beacon packet of FIG. 4.
FIG. 6 is an operational flow diagram showing a beacon packet generation
process according to one embodiment of the present invention.
FIG. 7 is an operational flow diagram showing packet processing according to
one embodiment of the present invention.
FIG. 8 is a block diagram of an information processing system useful for

implementing the present invention.

Detailed Description

The present invention, according to a preferred embodiment, overcomes
problems with the prior art by eliminating the need for client stations to process all or
substantially all of a beacon packet when there is no data buffered.
FIG. 1 is a block diagram illustrating a conventional wireless network. The
exemplary wireless network of FIG. 1 includes a wireless base station 102, and

wireless devices 106 through 108. Wireless base station 102 is a radio-enabled

-4-



10

15

20

substantially all of a beacon packet when there is no
data buffered. FIG 1 is a block diagramillustrating

w@2@anvenrs i onal w rel ess network. The exenpl ar pCT/US2004/016802

wirel ess network of FIG 1 includes a wireless base
station 102, and wi rel ess devices 106 through 108.
Wrel ess base station 102 is a radi o-enabl ednet wor k
access point for wireless devices 106 through 108. In

Onﬁet@ﬁﬁ@?&cﬁﬁ%ointt 1%? vs)ﬂefe@é ﬂec‘\ﬁcé%aﬁ)% it hol@8.191201jleserﬁbodiment, the
router wt I ntegrated wreless accCess pol nt

conplying with.th EEE 802,11 i r.el . :
O GefonCUPR oA srha bt HHisERTy, aprlsse pggess point
supports a | arge nunber of wirel ess devices 106

t hERIIHINEOBth Bienlihi @& kHBlWIras s Poramunisptian ARdargalde wireless

Wi rel ess device 106 through 108 is a desktop conputer,
| alpetse pstatmmp U2 spppratsdi dirde cumbet ef , wiselesst devicasnpft érough 108,
nobi | e phone, push-to-tal k nobile radio, text

MesEat i koM BelichMatioay, pager, one-way pager, or any
ot her w reless conmmuni cati ons enabl ed devi ce. Each

wir el esﬁaﬂ%&agsslée% H@@Hg&hgkoi%i@a%éld'tc.fip@cgnﬂﬂt%rblta top computer,

transmtter and recelver or  conmuni cati'ng wt

i PEEER ARGk S LPuRE PO ok A DR B R BB i, o

the present i nvention, each wirel ess device 106 .

t hREHEENE08CYIECe TP PP RAEH, TS ERE BHST1 Pfpyny other wireless
conpliant wireless access chipset for communicating. _

wi edmmipiedtioss epalded devics. diach Orirelass [devise J 0pdbrough dﬂg dh equipped
102 can al so include a network connection (not shown).
Theitheattymsiniteo rné cédever fee cambomi@dhg ovitht the aviyelesn daer station 102
any conbination of a Local Area Network (LAN), a Wde

Ar £aoRiai oMol the aMdDriate wildled temmuhiced@OstdielafR 9 B8fe embodiment of
Net work (PSTN),” a dedicated line, or the Iike. Such a

COME %?Jslar?t']n{pén%%h,d&éh iifetdElevice 106 through 108 is equipped with an IEEE
802.11(b) compliant wireless access chipset for communicating with wireless base
station 102.

Wireless base station 102 can also include a network connection (not shown).
The network connection is a connection to any one or any combination of a Local
Area Network (LAN), a Wide Area Network (WAN), a Public Switched Telephone
Network (PSTN), a dedicated line, or the like. Such a connection provides further
network access to wireless devices 106 through 108.

FIG. 2 is a block diagram of a conventional wireless device 106 for use in a
wireless communication system. The wireless device 106 includes a receiver 206 and
a transmitter 208 for transmitting and receiving information via radio or other wireless
signals (i.e., channel 210) to and from wireless base station 102. In one embodiment

of the present invention, receiver 206 and transmitter 208 operate over channel 210 in

_5.



10

15

20

network access to wirel ess devices 106 through 108.
FIG 2 is a block diagramof a conventional wreless

walewiaer7896 for use in a wirel ess comruni cati OPCEHYS1084016802

The wirel ess device 106 includes a receiver 206 and a
transmtter 208 for transmtting and receiving

information via radio or other wireless signals (i.e.,
channel 210) to and fromw rel ess base station 102. In

R L T
R RRCE 18\ SO A0 g s s st o

received via the receiver 206 and transmtter 208 is

pr 8 cemawaigaiions wBAiLAssaLPbns sub- processor 204. The

W rel ess device 106 includes a main processor 212 that

handl es Tat | winclossedsiss 386 du¢ladasda whaih prheess@c@lithaj handles all
and transmtting functions of the wirel ess device 106.

Therd¥adsts RERERESOWIR kRe MR vithS and erahahitiy Reictions of the wireless
functions of the wireless device 106. FIG 2 also

i nglyjde g%%tﬂéuc n éxjo%egsgf %Fﬁ ﬁlﬁy B! @ﬁ@ﬁlﬁr@fhiepfhn@fi?ra(se'ﬁ‘gﬂe wireless

nmenory s a volatile nenory el enent

PR i EL o et ol el ey e ekt moin

storing data and instructions necessalry faQqr formn

¢ NEEPRRE 26 8IcHrag FEREESTEBO BOTER: 1 AroR AN TS OF @ non-
bus 202 provides a conduit for conmuni cati ons between
conplatilecaeronyssusiybs p Ftasle EEER OM aoduleeorrhsith Thegaais gegmory 216 is
212, storage 214 and the nmain nenory 216. |In other

enbedi fENitsring latanarde iaactites i meedsayk fori pesfooming the functions of
processor. In such enbodi nents, functions of the

W [2lR38 S8 1%, SYaRnAEcaRbRACRSIN $réfidRacdentisit #r&ommunications
handl ed by a processor on a host systemto which the

W Bg&%@& cglgﬁ{u‘r‘iﬁaf.iénscsﬁg rﬂ?&%&gr 204, the main processor 212, storage 214 and

the main memory 216. In other embodiments, the wireless device lacks its own
processor. In such embodiments, functions of the wireless device such as processing
of packets are handled by a processor on a host system to which the wireless device is
connected.

FIG. 3 is a block diagram of a conventional wireless base station 102 for use
in a wireless communication system. The wireless base station 102 includes a receiver
306 and a transmitter 308 for transmitting and receiving information via radio or other
wireless signals (i.e., channel 310) to and from wireless devices 106 through 108. In
one embodiment of the present invention, receiver 306 and transmitter 308 operate
over channel 310 in accordance with the IEEE 802.11(b) wireless communication
standard. All information sent and received via the receiver 306 and transmitter 308 is

processed by a communications sub-processor 304.
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FIG 3 is a block diagramof a conventional wreless
base station 102 for use in a wirel ess conmuni cati on

wayaam76d’he wirel ess base station 102 i ncl udeBCHUS2004/016802

receiver 306 and a transmtter 308 for transmtting

and receiving information via radio or other wreless
signals (i.e., channel 310) to and fromw rel ess

devices 106 through 108. In one enbodinent of the

pr es’entTlﬁen\\(/ﬁQIte%1 se rs?a%i?%"l@ﬁ i390dR POmbineReMlst 42312388 handles all

operate over channel i'n accordance th the | EEE
BB LR RSP 550 053 ARG g g e e

and transmitter 308 is processed by_a co icatio?s ,
suHatinmolEs $be MIOYPreRessYh 18I BYLAlMYR %?ti‘qg‘iuﬁl%@ns of the wireless
i ncludes a main processor 312 that handl es all

prizce ssdion 462 oBiGat3ealsovinchndeh etorageed 1di fog stonigg information and main
transmtting functions of the wirel ess base station
10RembAe3 1@ sicipa® aesslatle Idsnomyelahan ljer 4 ®RAME hedule or a non-
functions of the wireless base station 102. FIG 3

al 5Qat1P %Le%%g sSAHOLsAOL 2 BEPROMS btk Br ibRfHO MTINB trhRR ndfbry 316 is
mai n nmenory 316, such as a volatile nenory el enent

r1 461 B SR PR BEn BeBeicrf REIREboSHE RS Actions of
e Bl G54 AR AP PO GRS QL0 1NN+ gt for

Communi cati ons bus 302 provides a conduit for _

c osnTumingieaticnn betwseneemmuaieationscub PEsessenB04b thcmagigdpocessor 312,
304, the main processor 312, storage 314 and the nain
megtorage 31bandAhe enal memedy 3llfove, wi rel ess base station

102 can al so include a network connection 318 to a

comuni AatekPRineAt HolACRirdlds Bate braRnaroFehetaRetingadd a network
The connection 318 and conmuni cation i nterface 322

P SICSRE AR AZRLHED 2o 08 oA . T

connection 318 and communication interface 322 provide access to network 320 such

as one or more of a LAN, a WAN, a PSTN, a dedicated line, or the like.

FIG. 4 is a diagram of a beacon packet 400 according to one embodiment of
the present invention. The beacon packet 400 is a packet that is broadcast regularly
(every 100 ms, for example) by the wireless base station 102 to all of the client
stations (i.e., wireless device 106 through 108) connected wirelessly to the wireless
base station 102. The beacon packet 400 holds a variety of information for processing
by each wireless device connected wirelessly to the wireless base station 102. The
present invention focuses on one aspect of the information that is present in the
beacon packet 400: traffic indication. Traffic indication is information that indicates
whether or not there is data buffered for a wireless device connected wirelessly to the

wireless base station 102.
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FIG 4 is a diagram of a beacon packet 400 according
to one enbodi nent of the present invention. The beacon

w@aokai17d90 i s a packet that is broadcast reguPEr/Ug2004/016802

(every 100 ns, for exanple) by the wrel ess base
station 102 to all of the client stations (i.e.,

W rel ess device 106 through 108) connected w rel essly
to the wirel ess base station 102. The beacon packet

400 hol g5, YAl BLY e@hoiHERL TR hOioh Yackli 0BRSS Athpint with the

each wirel ess device connected wre sly to the

W | station 102. .The present [nvention .
FOSE S0 T3 Bl foomtuniction PHFRERL ol ilier” gmbodiments, the
present in the beacon packet 400: traffic indication.

Tr B9acp Dalert darceswlipgt with dherd EEES42nbl(e) Handasdeqr with any other
whet her or not there is data buffered for a wirel ess
desteodard thah sclwlts wi beabes picket o thhdikei The beasohageeket 400 of Fig. 4
station 102.1n the illustrated enbodi nent, the beacon

patisRided (ided Safo RPhipdidntdMat grednisle UBER B€idler Thb€ ) referred to as the
W rel ess communi cation standard. I n further

TR e Aag ARt co ST o ftion

poltat S0 h Erg Pl oLl o s o
X at is referre 0 as e
PR W‘%‘PME%{?@@%M Sefu e %@cfﬁb SBREEA apgqthus the

and a data portion that is referred to as the nedi a
aceessEpitonised | P1e¢P peasien do refguiodhahgader apdDYPIADG to (eftrdo the data
exenpl ary enbodi nents descri bed bel ow use the

80gortidf.b Hosteasrd ait ds andbd hmdertthed dbatcthiptis aneralyedoriePlf@Pease of
header” to refer to the header and "MPDU' to refer to

t hgn@adiahdRfy tihe gyre§é|ﬁt/\ﬁ1‘(f@ﬁtioni i noflikfred o URASUS1 ﬂ%sthﬁmd, but is
e

this is nerely done for ease of understanding.
o . . C |
5§36y BYERIEN, b, DALY BTG kol s o econ

co ni c ilolgs standard or protocol that uses a beacon
packet or the like.)

The illustrated beacon packet 400 shows from left to ﬁght the sequence of data
that is broadcast by the wireless base station 102. That is, the leftmost data of the
beacon packet 400 is sent before the rightmost data. Note that a standard beacon
packet and its components are described in greater detail in sections 7.2.3, 7.2.3.1, and
7.3 of the published ANSI/IEEE Standard 802.11, 1999 Edition, and its supplements
ANSVIEEE Standard 802.11(b) (1999) and ANSVIEEE Draft Standard 802.11(g)
Draft 8.2, (April 2003), all of which are herein incorporated by reference in their
entirety.

The preamble 402 has two fields: a synchronization field (SYNC) and a start
frame delimiter (SFD) field. The preamble 402 may be a long preamble or

alternatively a short preamble. In the case of a long preamble, the synchronization
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packet or the like.) The illustrated beacon packet 400
shows fromleft to right the sequence of data that is

whewadces: by the wirel ess base station 102. TPEI/USH04/016802

the | eftnost data of the beacon packet 400 is sent
before the rightnost data. Note that a standard beacon
packet and its conponents are described in greater
detail in sections 7.2.3, 7.2.3.1, and 7.3 of the

PBbachEn 5 PR SR A8 42 453 Rl 8 g™ a shor
Aol ngh e 18 8% b ShinpbE! Syl gz 16 vis

reference in their entirety. The preanbl e 402 has_ two

f i Sheipreamblsy HEhelthe barqon rPaﬁlfeé 80 istragsmitieratp Sfe P 1 Mbps under
frame delimter (SFD) field. The preanble 402 may be a

| othg §pRdaft)Iseandardal t ernatively a short preanble. In

the case of a long preanble, the synchronizationfield

412 is TRSPhiOPshoddbd 04 he folDfikide] the 42chal Siel64 b, ttise sdrmice field
the case of a short preanble, the synchronization

f i «@161' ttﬁl%n%tﬁ féﬁdbl@ié shdthd bR it BBk de d30) ffe1d 820. The signal

reanbl e 402 of” the beacon packet 400 is

tte t ara .
§%§% S el s o S s G i P e fiG1s and e
nal field 414, the service field 4 .the length .
£ 6RG field 42cere i Rilpgark. Thedfisrvss gﬁldc%‘éd? ediip dreper detail
420. The signal field 414 and the service field 416
ar belgwbiitls referchee 1ohiliGe St Hedérehe 8A2 £ L @) dtandgdathg RLKE header 404
CRC field 420 are 16 bits each. The service field 416
i Sofias Gehdomchacket @00 as eanseettai dt avatead MMibps ifehepeamblet402 was a
FIG 5. Under the 802. 11(b) standard, the PLCP header

4Ofong lgbéaﬂﬁalé) e (RkdeaEr 4000 itige ﬁéa@&iSﬁAdkEﬂquts trandnditted at a rate

ps I f the preanble 402 was a
of 2 Mbps if the preamble 402 was a short preamble.

The MPDU 406 has 8 fields: a frame control field 436 of 16 bits, a duration
field 446 of 16 bits, a destination address field 456 of 48 bits, a source address field
466 of 48 bits, a basic service set identification (BSSID) field 476 of 48 bits, a
sequence control field 486 of 16 bits, a frame body field 496 of varying length and a
frame check sequencé (FCS) field 497 of 32 bits.

The frame body field 496 has several sub-fields. As described in the standard
and its supplements, these sub-fields include a timestamp field 450 of 64 bits, a
beacon interval field 451 of 16 bits and a capability field 452 of 16 bits. The frame
body field 496 further includes a service set identifier (SSID) field 453 of length 16
bits plus 8 additional bits for every character in the SSID (the number of characters in

the SSID is from zero to 32). The frame body field 496 also includes a supplemental

rates field 454 of length 16 bits plus 8 additional bits for each supported rate up to a

-9.
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| ong preanble. The PLCP header 404 of the beacon
packet 400 is transmtted at a rate of 2 Mips if the

w@e@arol7e3 402 was a short preanble. The MPDU 4P6GI/D8x08016802

fields: a frane control field 436 of 16 bits, a
duration field 446 of 16 bits, a destination address
field 456 of 48 bits, a source address field 466 of 48
bits, a basic service set identification (BSSID) field

4&%1114180%@1& (e% SBEYERE EoG ?p@’tedf taesFod 8@ 802.16Db) standard).
bits, a frane y field 496 o varying l ength and a

f Fl%g%ragxtﬂaeﬁgq ; flgql?gg ﬁﬁéﬁ%clﬁxﬂ@sl pé%éxe % eﬁ% @55 of 16-5%% 24 to 88

franme as severa

E%Prlbed in the standard and its supplenents t hese

*fi el ds include a timestanp field 450 of 64 bits, a

beacon interval field 451 of 16 hits and a_capagbility
field 4spltgmaly thy rameppay lelgrf’@GB’éfHS}deFuaéFagﬁ lsiqation miap (TIM)
includes a service set identifier (SSID) field 453 of

| dietyt #5716f longth 40H-85 b8s.aultire keatsliesithesintgpaligy dryx <251 under the
character in the SSID (the nunber of characters in the

SS0R 111 &) ktaadard eviord pedirallyl e Tivafieldbidadys 40 eltdpi®6ne additional
al so includes a supplenental rates field 454 of length

16 dqbt Svely en%n&ta@&i thi O @bn&bfea WiRllesSI9aH tUPRAESshsE dhfon 102,
upto armxummo elght (e.g., there are four

Lo BERS b} ﬁ\ﬁn@eqzoféa]d@monﬁlt mdgrmn@gg SRR 1 the

fer Tncludes a paraneter

n 2 88 bi t Addi t.i onal | fr bo
F@ ﬁ@@wv exefisangeted disef choingh £ 5t bR PN fjeit fren one to
f| el d 457 of length 40+Sx bits, where x sati Sfl es
i Revpmeadditional @eaniaghesq) hitscse simmby gppendad py neadsd @@m@ end of the
More specifically, the TIMfield 457 is 40 bits plus
ofidVatididt 4 ¥esd thai tthd totalemenbyer cifi additiontlabitsoim theaTINIsfield 457 is
connected wirelessly to the wirel ess base station 102,

W(ﬁﬁSlBlerWFﬁteﬂ'ﬁ@tl‘M"'HéId 4B e ifhidRs infofmadtdi ek @aalg Whdther or not
is a multiple of eight. If the
there is data buffered for each of the client stations (i.e., wireless devices 106 through
108) that are connected wirelessly to the wireless base station 102. Specifically, for
each wireless device that is connected wirelessly to the wireless base station 102,
there is a corresponding 1-bit value in the TIM field 457 that specifies whether or not
there is data buffered for that wireless device. The MPDU 406 of the beacon packet
400 is transmitted at a rate of 1, 2, 5.5 or 11 Mbps under the 802.11(b) standard.
Conventionally, a client station (or wireless device) 106 must process the
entire beacon packet 400 in order to determine whether there is data buffered for that
wireless device 106. This is wasteful of processing resources, as the wireless device
106 is forced to process a multitude of information that is not useful if there is no data

buffered for that wireless device 106. This is compounded by the fact that a beacon

packet is broadcast very frequently (every 100 ms under the 802.11(b) standard).
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nunber of wi relessly connected client stations is not
a nultiple of 8 then fromone to seven additi onal
w@ ewanirigd ess) bits are sinply appended as neePErUSI®04/016802
the end of the THVI field 457 so that the total nunber
of additional bits in the TEVI field 457 is divisible
by eight. The TBVI field 457 includes information
regardi ng whether or not thereis data buffered for

exeAnGS abiies glidc@dﬂn gSdfat haaasn phoket, thaViniiRleRs e ey 6@ saust be in 2
106 thr ough that are connected wirelessly to the

gpt‘%)ﬁﬁl% fﬂo Ea R4 ]tggrefoﬁp%gh%inﬁﬁ% owefrofes&ﬂ'ggé at a normal

evice I's connecte essl to the

vv| eI ess st.at i S _a ca

obtetiarte TS e Slon ot aitith Soropids SGhLE SRS\, s e
whet her or not there is data buffered for that _
wiviiksless devies L@@ s forred NpRXPaRddaBeryIRROUBES do Rrosaesiaforgption that
is transmtted at a rate of 1, 2, 5.5 or 11 Mops under
t ien@@Refull K dajn, shiandeomeshoutdatitesnthie dacilthat a eacdn pavket is broadcast
station (or wireless device) 106 nmust process the
eRtiyifeedae@dbon packet 400 in order to determnne whether
there is data buffered for that wirel ess device 106.

Thi's i §g¥\’%12€2|&1‘8/: 13&6 Qfaﬁ?)‘f‘es S RRAcIreSRUECE Brofiadt BS a \azlreless base

wirele 61s forced to process a nultit

Efatﬂtiale 00Tt OBilen iy 8L g3 el gl AP iICR) s0 2010

npounded by the fact that a beacon pa
blhé‘éﬁ‘d% gugatign rg§ﬁaf€rfé}éﬁ!i’e]n°t | ¥ (eigrssrongy.- ﬁ‘@ t%afeﬁhetl\ﬁ%DU 406 varies
802.11(b) standard). Further, during processing of a
béakapthpsekdekcrigtioa ahbye)land ghud e lergth 06 dwistonbef tha baacon packet
normal operating node, and therefore consum ng power

I @80 WilE 98ryadf thetBlalBilira@Re 72t ROthe AhRition BF el p?eétﬁﬁé 8621124 ps is
of battery resources wth portabl e deV| ces, the

Wi r el ess de is. for dto

r decriate B T BRR pefer P Ao FHERA 41k & tﬁgfdgfauon of the
Again, this is conpounded by the fact that a beacon
pé@lPdéU 406. B‘hgéﬂb’hgg 7,weltigh vamesuianength and thus in duration, consists of

from 48 to 2048 bits and has a duration of from 4.4 to 186.2 us, when the beacon
packet is sent at 11 Mbps. Therefore, conventionally, the wireless device 106 is
required to process for greater than 137 ps in order to process the traffic information
in the TIM 457, which is located almost at the end of the beacon packet (processing of
the FCS is required to validate correct reception of the TIM). As a result, the wireless
device 106 is required to consume power at a normal operating rate for this duration
for each beacon packet received. This is compounded by the fact that a beacon packet
is broadcast very frequently (e.g., every 100 ms or s0).

In embodiments of the present invention, at least some traffic indication

information is sent earlier in the beacon packet so as to reduce such inefficiencies. In
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Specifically, in one exanple, a beacon packet is
broadcast by a wirel ess base station 102 to a wireless

waleosae17606 at 11 Mops (using a short preanbl epdDP$2080016802

as to have a duration greater than 137 ns

(m croseconds). Note that the MPDU 406 varies in

| ength (see description above) and thus the |l ength, or
duration, of the beacon packet 400 will vary. O the

t ohad 1lﬁl'§ﬁ‘§twecéi‘nboa%ngfﬁ of $hed R8st AEh@h, Aftrdrhie ﬂQ%ﬁﬁH’é%l't(?r is placed
402, 24 nms is the duration of the PLCP header 204 and

gr & él_%\ﬁll\lg(gglt% v\,# r[%r‘}lge ﬁglg 4%J f{heqﬁh C?%?%WIDL% tﬁg geacon packet

The varies in

dur cons from48 to 2 bits and has

oG 138 sePies 18 of hescon Aok hi éntIs described
packet is sent at 11 gp Therefore, conventionally,

t hi giepter defail delpvewith geference kG Tihe thffae islicatas flag is a single

greater than 137 nms in order to process the traffic
i nbio thead friddeatesnwhdtieer T Mb#ithese isata huffsreddonsmgdofalindsts detvices 106
the end of the beacon packet (processing of the FCS is

I e bl d80th¥itdrk A8k cd WitséssTyaoant waRi«s bﬁéé%téfi%\dllbz When the
As a result, the wireless device 106 is required

du?giﬁgg% ?%’(?f gg% hsasbgg:%ﬁksrg gﬁé 951\1@ erlfe\alle J)%Pfey' tﬁls indicates that

f h b k
geg’ggi?{ja\})é’?fﬁ?r‘? o g'gt‘??ﬁttf%% g ﬁ‘ee"%cfi(igsﬁp %ﬁgst }Qsé tgrough 108 that are

In enbodi nents of the present inventjon, at |east sone

t r §9TeEteq YeTelerslyan thewerelrst e staliogeli2. dhe iinfermatipn; 3elo exactly
beacon packet so as to reduce such inefficiencies.

| nohishi ¢f thetwistlessedayidse d0fghtough 10BRds ptillsiontd in the client-specific
invention, a traffic flag indicator is placed in a

I egrlicacst ftagﬁ ithet TIBI SeldviseeWhee sk #affic ofditAer DR set to a second
header 404 of the beacon packet 400. The service field

416,008 vAhe(RRATHNRAHS! (O dRhtel Biaf tfhD RARANYy ind data buffered

desCribed I'n greater détail below with reference t

h% aI%K é} Elg1 %ev;r%%ée ? J1&qll%%tt {ou%l%éigS tl?at %Iqeafcg}%lscet%) lereg.fssly to the

er or ere ere

f o%vir%ﬂ%s l())gse VSV{aElgll ?83 ‘gr? \éke(:n? ary process of setting the traffic indicator flag is
described in greater detail below with reference to FIG. 6.

The placement of the traffic indicator flag in the service field 416 of the PLCP
header 404 in this embodiment eliminates the need for a wireless device 106 to
process the entire beacon packet 400 in order to ascertain whether or not there is data
buffered in many cases. Specifically, the placement of the traffic indicator flag in the
service field 416 of the PLCP header 404 allows each wireless device 106 to process
only 1) the preamble 402, 2) the PLCP header 404 and optionally 3) the frame control
field 436 of the MPDU 406, in order to ascertain that there is no data buffered. This
eliminates the need for a wireless device 106 to process all or substantially all of the

MPDU 406 of the beacon packet when there is no data buffered. This allows the
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t hrough 108 that are connected wireless y to the
W rel ess base station 102. Wien the traffic indicator

wo b@g/1igeset to a first |ogic value (one, for PXEDPL08)/016802

this indicates that there is data buffered for at

I east one of the wireless devices 106 through 108 that

are connected wirelessly to the wirel ess base station

102. The information as to exactly which of the

Wi [ i 0

cl FERBS ats 166 1o el BS "4%@%518&}%@&%’%& VTR R b5 Rvines of
n the traffjc indicator

! oty BpiiE” sk Prse P e Yok ofn TRRS I BiReRay Wﬁlath the traffic

there is currently no data buffered for any of th

wi mdicaws ipgyiscrrecepeml by Aovigplessogevitfal Odiie d@%‘ﬁh@%ﬂ%@reatﬂ detail

wrelessly to the wirel ess base station 102. An

exeripl avith pfaeesdo 6IGSktting the traffic indicator

flag is described in greater detail below with

r ef er enTeistfeattteGof the gidsenplid@paBmtrediced g tu@fibh ®f the pertinent

indi cator flag in the service field 416 of the PLCP

bn 40he Brabdtl SacRBOARM WEH thelel 1%6%%3’0&11%?6&‘ a8k &Yecause the
?ess device 106 to process the entire beacon

awgglte%s %ﬂ/ﬁen]r@ dgj ?eirgu#gc}] fségéetsg or'ﬁg\'@ herrearﬁ‘;le Ql%% 'fla&[aﬁon 72 us,

placenent of the traffic |nd|cator fIa in the service
f i 2 e PLE B headre 4Pt obdiratiere?4 #o4nd3) d@@sfr@a@ [oniireleficdd ¢36 of the
device 106 to process only 1) the preanble 402, 2) the

PLUPD ¢ aer ofd BdraBrdl 1013t 10 Makshinding) a tshert forédieble or #ld an MPDU
field 436 of the MPDU 406, in order to ascertain that

t ht?an%nn?sﬂéfra?e%@l lblléfbf EE@“ 5 4 My tdtaf ld{llqhgll‘??)? &et&:?ur{éﬁ? 8ort10n of the

855 devi ce rocess a
\?\Elgqsﬁltc?rhntg:a lef éO(ﬁ {lghg,ﬁ\papguﬁggn% ezab, hel}ﬁbﬁ‘see?%}?arr]l t%g%ration of a
thew rel ess deV|ce 106 to enter into sleep node
eacdmlete behdonhpackest 00 £> 187 ps sad/um gsappiodiabteby 34 §oes)eThis reduces
and processing resources. An exenplary process by

o L e (4B S5 B2 frring e
to process the beacon packet 400 (by at least 39.55 us) whenever there is no data
buffered. As a result, the wireless device 106 can enter into sleep mode earlier and
save power. This savings is quickly compounded because beacon packets are sent
very frequently.

This also reduces the amount of processing resources that the wireless device
106 expends during processing of the beacon packet 400, since a smaller portion of
the beacon packet 400 is processed in such cases. This allows a better and ‘more
efficient allocation of processing resources.

Note that because the traffic indicator flag is in the service field of the PLCP

header, it is not necessary to process past this service field to determine whether or
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below with reference to FIG 7. This feature of the
present invention reduces the duration of the

w@eotilnent portion of the beacon packet 400 wheeT/UREN€016802

is no data buffered. This is because the wrel ess
device 106 is required to process only 1) the preanble
402 of duration 72 nms, 2) the PLCP header 404 of
duration 24 ns and 3) the frame control field 436 of

t hgoMBE i4 QtaOfuffi B HRRvdr, 42 Fhg &laﬁﬁL@RCQI@dssgp!h% PLCP header
preanble 402 and an MPDU transnrssron rate of

(% ‘(c)hrrla i ﬁgel;fg%é;l:log gﬁi{(@%ﬁﬁg 69; gfeg% lﬁg ratléonﬁj\%hess%d in order to

consrderab shorter han, t.he durati of a conplete
bo BT %gs%érceraen it a5 § HERCOR PEORShppr oxi mat el y
348 nms). This reduces the anmount of time the wrel ess

devi ce TB& 318 aaegidetziled diageam af mapren ob b baeremypaskeieof FIG. 4.

to process the beacon packet 400 (by at |east 39.55
s Spentifiradly eFIG. Beshews shersorvilat faelb d16 of thd PLAP leadeastiitof the beacon
the wirel ess device 106 can enter into sl eep node

eapéd@r AG0 THR E/iRONEE 418NhSueaVS BES natedW0Ck!B7. In the 802.11(b)
conpounded because beacon packets are sent very

freguens! ¥ sbh! % bs?s H?s‘i'@%?egleéﬁ 1BERNL100ks Eogﬁsﬁsn%r b3, is

resources that’ the wire vi ce expen ring

f
P PeTaRlda é@@k@%ﬁ%’%&ﬁ 7Bt %ﬂﬁp% Eei‘%e%r?ﬁlaﬁe‘écw a length
Thi b
Sf‘%%éee@rbr'ﬁ,&%d@?%%ei‘ Hg 5T 30red s 14 (ituis bl ke st b6) o

the traffic indicator flag is in the service field of

t hees@ivaP hisad¥nte that the penvenidoad sarvice diept aueésiss gamiponents are
this service field to determ ne whether ornot there is
datieschbéd Br gdateHomeiV e sectibe 1520834 lof adpuREhdd ANSS/IBEE Standard

the PLCP header and the frame control field of the
NPg&gyjempﬁegﬁb@Qkﬁmalso processed in order to
In an embodiment of the present invention, a traffic indicator flag is placed in
a reserved bit of the service field 416 of the PLCP header 404 of the beacon packet
400. The traffic indicator flag in this exemplary embodiment is a single bit that
indicates whether or not there is data buffered for any of the wireless devices 106
through 108 that are connected wirelessly to the wireless base station 102. When the
traffic indicator flag is set to a first logic value, this indicates that there is data
buffered for one or more of the wireless devices 106 through 108 that are connected
wirelessly to the wireless base station 102. The information as to exactly which of the
wireless devices 106 through 108 is found in the TIM field 457. When the traffic

indicator flag is set to a second logic value, this indicates that there is no data buffered

for any of the wireless devices 106 through 108 that are connected wirelessly to the

-14 -



10

15

20

insure correct reception and that this is a beacon
packet. FIG 5 is a nore detailed diagramof a portion

wobkosher7beacon packet of FIG 4. Specifically, PE/GS2084/016802

shows the service field 416 of the PLCP header 404 of
t he beacon packet 400. The service field 416 includes
8 bits, naned bOto b7. In the 802.11(b) standard, bit

506, or i s designated as a | ocked clocks bit, bit
50§ﬂ1re§:|rss %ésl%bt%ugl’?slbgn?ﬁ@%@%@aﬁgﬁ%ﬁhg%@ @raﬁ?& ﬁ‘&ﬁéa@d} flag in one

L AR iy SO P 5 i RO B RS B . .
that the conventional service field and its coqponents

are des&} PIsEgrederahadspes glethgipresppt Beentiognthedrapligingicgtor flag is
t he published ANSI/IEEE Standard 802.11 and its
suppkehmnteservedbiad02msematvarelit 504 ot reseqyeé birftl0 (b0, bl or b4) of the
invention, atraffic indicator flag is placed in a

r es@vicedicll 4160bf tHePTSER éader 40£bftihé Woach pdeRetRIOOPThis is because
header 404 of the beacon packet 400. The traffic

| ndicgidh a6 43201 e thbEsHRd M ARY e SRAGA A, 11%g)8Draft 8. 2 assigns
S|ngle bit that indicates mhether or not there’is dat

g; 8 eseRred%nt)é ﬁ& ﬂ‘i‘lg%].W(B i{?d Q@V k—foh%fc'evg'xo ?ess %rt}lbodlments

are connecte W re

t|o 102 raffic tor I.S S ,
o ertga{’flfl Gficarliasel o o ) tslad e heehedsep e G ietd of
buf f er ed for one or nore of the wireless devices 106
t hthsulgftacam @agkiehitandr prefeeabhie it placesh inethe supamble arrheader field of the

W rel ess base station 102. The information as to
exbedcby padkiech of the wirel ess devices 106 through 108
is found in the TMfield 457. When the traffic

i ndi cat pIG.f & 30 ah Dpe@tiohD fRovd afa@heh |smﬁ§V@bé&ontﬂab1&t generation
indicates that there is no data buffered for any of

cofiEeb e AP ERELIF PP Rl Sl I8 s cqpionst o
n iagrra%: %%SFI&f. 6% ct)\;vg] gant cr)]veeratxl %iofcleé:s Iop %Oca fe bgallc%g packet 400 1s
generated by a wireless base station 102 and broadcast to wireless devices 106
through 108 that are connected wirelessly to the wireless base station 102. The
operational flow diagram of FIG. 6 begins with step 602 and flows directly to step
604.

In step 604, the wireless base station 102 determines whether there is any data
buffered for transmittal to any of the wireless devices 106 through 108 that are
connected wirelessly to the wireless base station 102. If the result of this
determination is positive, then control flows to step 606. If the result of this
determination is negative, then control flows to step 608.

In step 606, the wireless base station 102 sets the designated traffic indicator

flag, such as reserved bit 502, 504 or 510 (or b0, bl or b4) of the service field 416 of
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exenpl ary enbodi nent is described in greater detai
below with reference to FIG 6. In preferred

wentadimment s of the present invention, the traPdT/US2004/016802

indicator flag is placed in reserved bit 502, reserved
bit 504 or reserved bit 510 (bg, b I or b4) of the
service field 416 of the PLCP header 404 of the beacon
packet 400. This is because section 19.3.2.1 of the

PuBl ipg g oh AKS! 4d45§%1e95&9&?#3§:k§p@)0]uﬂd@19ﬂ1@ @O%‘.flﬁ(bg stndard, to a first

assigns uses to reserved bits 512 and 514 (or b5 and

b6) . . However . in fuyther enbodi t the traffic

e Fhyis reu ot maBE O B8 e windesb b chfipa 102 sets e
before the TIMfjeld of the beacon packet, and ‘
pr easisnatsryratiic gidigay tfag to ﬁéeﬁﬂngﬁ%F &al9p. fishdererpi B gep 610, the
of the beacon packet. FIG 6 is an operational flow

di wiyelzss Basowtatign 40B paasersep thekemagétgepentipamolpthe beapson packet 400.
according to one enbodi ment of the present invention.

ThiE ape 682, thedbacoh pacldit 400 abwhddas(hy theshiawisssabmse station 102 via
overall process of how the beacon packet 400 is

geng Ftﬁh.ﬁﬁitt*éy 388 Wk %e‘iaé)grd%%% BlistbonndOdrand) bi-aadcast

to wirel ess devices through 108 that are connected

W rel esgl ¥tief>??1t4l?% Mnreefée?i%ﬁ p(ﬁfe@&‘&ﬁ%éegﬂp rﬁlieovg\rﬁlt?%glgtbgtsveen beacon

oper ati ocna ow diagram of

602 and flows directly.to s 604. .I.n step 604, t

i PeREs 40bJaena 1B aneh saesianBr et e ek %t igp EOFgvhere the

any data buffered for transmttal to any of the

wi Proress §F genaralng a1sybsaduens pgreonarckest 400 spamensfsect ed

wirelessly to the wireless base station 102. If the ,

resul t BIG.tis sndetmtionah fipivadiagrampheivirigumckdt hpercessimg aegording to

flows to step 606. If the result of this determ nation

| Someadbbdifient BEheCHBicnOinvEhiONS THe SieeioffIStlow diagram of FIG. 7
shows an overall process of how the beacon packet 400 is processed by a wireless
device 106 that is connected wirelessly to the wireless base station 102. The
operational flow diagram of FIG. 7 begins with step 702 and flows directly to step
704.

In step 704, the wireless device 106 determines whether the start of an
information packet has been received from the wireless base station 102 (i.e., by the
receiver 206 over the data channel 210). If the result of this determination is positive,
then control flows to step 706. If the result of this determination is negative, then
control flows back to step 704.

In step 706, the wireless device 106 processes the preamble 402 and the PLCP
header 404 of the received packet. In step 708, the wireless device 106 determines the

“value of the traffic indicator flag, such as reserved bit 502, 504 or 510 of the service

field 416 of the PLCP header of the received packet. If the result of this determination
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In step 606, the wirel ess base station 102 sets the
designated traffic indicator flag, such as reserved

wbri0480263 504 or 510 (or bqg, bl or b4) of the BET/UEME4/016802

field 416 ofthe PLCP header 404 of the beacon packet
400 under the 802.1 I (b) standard, to a first logic
val ue, such as one. In alternative step 608, the

Wi rel ess base station 102 sets the designated traffic

i nghi £ALPToold Rlud @nd, REERAhILOHeR c¥RIdI FlowiUs RtedS7 10T he result of
In step 6I0, the wirel ess base station 102 processes

t hg.. LD t] f.1 4
8¢ OBAAS- B L3 Rt D DEAER PRI Bl Ll v
S B PR Sk SRS A 395 B o

In step 614, a time period corresponding to the )

i nvebe.ahispediopiesthpicthersrs paia beffered 6o quewe e of e wiggless devices
| apses. Then control flows back to step 604, where the

pr @6 gsough Yenbhatatre ngnractsd lvdeipsdytio leasnelepase ttado 102. When
commences. FIG 7 is an operational flow diagram

shenw 1R ® afchitorFTa2G 6 5& 116 Ak & lioBR Vafue s Riakaehs MBAtthere is no
of the present invention. The operational flow di agram

of (c:lgth t%uﬁ%beﬁrfb\fsang NHONE rﬁ%ﬁ%{lesg r(fé??f‘c%? 196 tg%ygfé 2[%% glglgtf %Ia%t connected

packe s processed W rel ess

is connected w.relessly to t wirel ess base station
1o?.1f6{11€ﬁ§y%%&Fé‘flﬁgﬁéﬁa%eﬁ&k}"lailgg-r am of FIG 7 begins
with step 702 and flows directly to step 704. In ste

- - p
704, th& §ep dil@sthe yeigless devige d@%’ SEPses thhemeander gk the received

start of an information packet has been received from
t hpaakiet. dh dlss cirgs theghfarinaeton] @2to(whieh of the winelessedswiogel 06 through
206 over the data channel 210). If the result of this
det g havealatabufietedr@aibeifiend it g T fitdod57f laetsn the rededied packet.

706. If the result of this determ nation is negative,

then cog §t9ﬂ) 713 QN6 whkss Wevisd eds pReSesses the frame control field 436 of
the MPDU 406 of the received packet. The frame control field 436 includes
information associated with the type of the received packet. In step 714, the wireless
device 106 determines from the information in the frame control field 436 whether the
received packet is a beacon packet 400. If the result of this determination is positive,
then control flows to step 716. If the result of this determination is negative, then
control flows to step 710.

In step 716, the wireless device 106 enters into a sleep mode in which power is
conserved. In step 718, a time period corresponding to the interval between beacon
packets 400 (such as 100 ms) lapses. Then control flows back to step 704, where the
processing of subsequent beacon packets 400 commences.

The present invention can be realized in hardware (such as by using logic

circuits, registers, and state machines), software, or a combination of hardware and
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In step 706, the wirel ess device 106 processes the

preanbl e 402 and the PLCP header 404 of the received
w@aokailzed n step 708, the wirel ess device 106 PCT/US2004/016802

determ nes the value of the traffic indicator flag,

such as reserved bit 502, 504 or 510 of the service

field 416 of the PLCP header of the received packet.

If the result of this determnationis a first logic

%dfﬁxia?@{eege célgﬁs E?Pé&'é‘?ﬁ&%qe Jrgﬁgb G OA shdiomBicé Rak %’ a preferred

termnatioh Is a second

%‘Bg@p\_{ utA%f(té)e( ﬁégleatolravg 100 < ag\)l% r%glfir%dciﬁ %zﬁregl rahéegvﬁshlgn in one
|nd|cator flag i.s set to the fjrst i.c val ue, IS
| e EREEn PRSI PBIGS, Gl BiSHT @Fﬁé‘d%ffapn dﬂlé’feoijlf%ffné elements
of the wireless devices 106 through 108 that are
coamepteed anbsseierel interepnnhetediysidres ditydded of mferaratin processing
When the traffic indicator flag is set to the second
| ogjiseenyabiiethert dpipsratusdidepte @ fortchayinklva éhei methodsddeseribed herein - is
buffered for any of the wireless devices 106 through

108;ifehak tggl%alc&ﬁ‘ﬂﬁﬁétﬁﬂ o Hae&ﬁeélamtseﬁbvae Yhul® be%ggeaaﬁepurpose
station 1 In step 710, the wireless device 10

tp[]él?ogg ase }Is{eﬁme (N%ﬁl;aé Rgg utglt pfac%?z%ng %P\?\ﬁi g@gn ?3@?1%:1%%16#2 nd executed,

nforrm I On
devi ce

06throu h 108 ve. dat a bu ere
F OUAEORH e RURCRY St Bt Gies B GG B ggbed herein.
packet. In step 712, the wirel ess device 106 processes
the frafe cebaeient pf Heresgat iventiva qupplsodeergieddebin a computer
recei ved packet. The franme control field 436 includes
i nhrograat ipootuats thac iiedledts villt thet faatuteg pmabling e megememdtion of the
packet. In step 714, the wirel ess device 106

defeihata §§scﬁb&ffhé1€ﬁl lafid hitht When ilokded en. far F8@m; Naleko carry out
fiel d 436 whet her the received packet is a beacon

pgglllét&lt Q/ngtﬂgd% lp?(?éf%,r?x gﬁ’véan% gf 2(% I%Bgﬁ%ﬂ 5§"us'e§ in the present

;lel(sgbjértlt %f @%}3 %{eit)/ee{xrf)]rc%&%rll Of} 4 any ﬂmgl?z}glevgodet gre ﬂot% 81% r&l a set of

instructions intended to cause a system having an information processing capability to
perform a particular function either directly or after either or both of the following a)
conversion to another language, code or, notation; and b) reproduction in a different
material form.

A system may include, inter alia, one or more information processing systems
and/or computers and at least a machine-readable or computer-readable medium,
allowing a system, to read data, instructionc, messages or message packets, and other
information from the machine-readable or computer-readable medium. The machine-
readable or computer-readable medium may include non-volatile memory, such as
ROM, Flash memory, Disk drive memory, CD-ROM, and other permanent storage.

Additionally, a machine-readable or computer-readable medium may include, for
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In step 716, the wirel ess device 106 enters into a
sl eep node in which power is conserved. In step 718, a

wao 2ove/1ps3 od corresponding to the interval bet MEBNS2004/016802

beacon packets 400 (such as 100 ns) | apses. Then
control flows back to step 704, where the processing
of subsequent beacon packets 400 commences. The
present invention can be realized in hardware (such as

bye ngﬁg \}o@fﬁﬂ& stbtdaE YhdhSas RAM, $H8ES,; caBRImBEREE and network circuits.
sof tware, or a conbi nation of har'dwar e

e. el e b
%5\91%!5% {Sl;x s g%“gg“g%ﬁ 15 J)r %&rﬁiﬁé& ?egard?téla i ngman Hay include
of the present inyention ca allzedl
cePRIAtoR 4N faa ERTSHATY FalgHae H‘Po% t33cth DS gé&#ﬁ&d/"f a network
system or in a distributed fashion where different

el mwfacs, mchiding e adrescreswerkser & rerelgsatnetweriin St @ow a computer
systens. Any kind of information processing system -

or syatdne to @ auchtcospatbapdadable arfomaationi ng out t he

nmet hods descri bed herein - is suited. A typical

combi naki®ng &f a BRICAWEIRard Al aSipiddresysient skehR# far implementing an
gener al - pur pose conputer systemw th a conputer

Pr 99h SR bf HOGR-RR ehtg .eﬂ%ea@&n splggﬁ&n ﬁpptcﬁolssmcludes

t he conputer system suc car

Wélﬁlsl descri bed herein. % oﬂé gbg% tod t

RO RTCE Ok SECHY g%egacgg Bﬁoﬁﬁﬁi%r 8r°8PﬁleC catod
product that includes all the features enablln% t he

| NPRBRERICALIT inBpsUREIGEi o d% 8d e c FOTBBYMISEH @IS Pun gross-bar, or
whi ch, when | oaded in- a system is able to carry out

t hestworot Madsus Suftwpare embordmganéaraneedassrilad imotepus ef this exemplary
program as used in the present invention indicates any

ex P RbiOfysteint) Ay rbaiglid@edesciistéonQiit wWidl iichml, appéreit to a person
set of instructions intended to cause a system havi ng

anqf de?r?df?tskﬂpmp{h@%l%%ﬂ? Qhrt‘%%ﬁﬁm kd ‘iﬁﬂ feRieRe e GhPRiion using other

particular function either directly r after either or

Fg%{%ﬂg\f&grtsgg%%glaé%r ‘9[%1% - ca%ﬁlgr i.on to anot her

%) reproduction in a

differ en}le computer system can include a display interface 808 that forwards
graphics, text, and other data from the communication infrastructure 802 (or from a
frame buffer not shown) for display on the display unit 810. The computer system
also includes a main memory 806, preferably random access memory (RAM), and
may also include a secondary memory 812. The secondary memory 812 may include,
for example, a hard disk drive 814 and/or a removable storage drive 816, representing
a floppy disk drive, a magnetic tape drive, an optical disk drive, etc. The removable
storage drive 816 reads from and/or writes to a removable storage unit 818 in a
manner well known to those having ordinary skill in the art. Removable storage unit
818, represents a floppy disk, magnetic tape, optical disk, etc., which is read by and

written to by removable storage drive 816. As will be appreciated, the removable
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material form A systemmay include, inter alia, one
or nore information processing systens and/or

weopaiess and at | east a nmachi ne-readabl e or PCT/US2004/016802

conmput er -readabl e nedium allowing a system to read
data, instructions, nessages or nessage packets, and
ot her information fromthe machi ne-readabl e or

conmput er - r eadabl e nedi um The machi ner eadabl e or

CORBHLENmfeRGaRLRIBEHicUMpIRY ukiilé WderddaReU@hakd iy stored therein
menory, such as ROM Flash nenory, Disk drive nenory,

CD- R@ﬂteras%% ot haerd/(;%%ra&anent storage. Additionally, a
machin Sadan

11 . .
e-r € or conputer-readabl e nedi um may

i nclude, forexanple, volatile storage such,as L
buf f er sI HERETANDRTS o STk R 12 Thoideh other simile
Furthernore, the machi ne-readabl e or conputer-readabl e,
netiears frayallowing sempyenopiegiansinoy Athar isHHEHNS ) ke lpaded into the
medi um such as a network |ink and/or a network

i nt@npaeresystenc | Sudh ngeams whayethchele wor lexempke, wi nemlogalde storage unit
network, that allow a conputer systemto read such

CORPY LAY uh 8AdAR L83 0N IOABIdsOMT. such @ayBinchidd DPbRekam cartridge and
di agram of a conputer system useful for inplenenting

an i 0, o LQA. C

2 oI MERle Yty BGERRRE | PUEDAE0 TR LRSI, mory
g{) G5 @ci)f?sggfld' ;Eﬁﬁ?)g\é? ?)ﬁ %ﬁgﬁ\gj’ gﬁfgggsgeiéfedcsﬁgig&?%g&j o%h%r Femovable
conmuni cati ons bus, cross-bar, or. net vvbr k). Vari

s oftorRge AndeBaY ARk iy Tagpe S Yo which g Sr?fft“@if%%ﬂ%fiat? B9 be transferred

exenpl ary conputer system After reading this

defrom the rammgvable swirhge Weici2do dppngutertsgstemper son of

ordinary skill in the relevant art(s) how to inpl enent

the i nveng imputek rhgst@tmﬁfagcam)uﬁcendasyts&mmnd,{m interface 824.

conputer architectures. The conputer system can

| el iR R BbSPinaYrabO BES FIRGRs 88 atdad da@f WascdBansferred between the
computer system and external devices. Examples of communications interface 824
may include a 4mode‘m, a network interface (such as an Ethernet card), a
communications port, a PCMCIA slot and card, etc. Communications interface 824
preferably includes one or more wireless communications interfaces, and can also
include one or more wired communications interfaces. Software and data transferred
via communications interface 824 are in the form of signals which may be, for
example, electronic, electromagnetic, optical, or other signals capable of being
received by communications interface 824. These signals are provided to
communications interface 824 via a communications path (i.e., channel) 826. This

channel 826 carries signals and may be implemented using wire or cable, fiber optics,

a phone line, a cellular phone link, an RF link, and/or other communications channels.
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graphics, text, and other data fromthe conmunication
infrastructure 802 (or froma franme buffer not shown)

wo oro4diwpd ay on the display unit 810. The conpRPCEIS2004/016802

system al so includes a main nmenory 806, preferably
random access nenory (RAM, and may al so include a
secondary nenory 812. The secondary nenory 812 nay
i nclude, for exanple, a hard disk drive 814 and/or a

renovabt e &&% r 6 op
di sk dr#nvgﬁst 6 r?gt‘lihg q?‘g%e o F‘f#f%‘%?‘.‘?dlf‘%. gxmputer -usable
drlv i G ere abl e. st,orage drive 8 rea
o0 BN @?orcg.g*@ut?ﬁ it o A% used to
manner mell known to those having ordinary sk|II in

t heengrally RésfoiPaBlcdiassush saemain; MemeD) 8P@mnés~°@ﬁ%daa‘/ memory 812,
floppy disk, magnetic tape, optical disk, etc., which

i srelnf&a/db]b)stcaagb dwiviet & lén ah@rd@shmmuqbindwsd diShgieiV@l Bil4.eand signals.
816. As will be appreciated, the renovabl estorage unit

8 18hés8 GotpRter dré@am Preductisabneasd furagevidingi sefovasvionyle computer
stored therein conputer software and/or data. In sone

"‘%% TS corhD@eSRAAMIA ENRARNIYWS ke icBRbHEESy Q&H% read data,

nmeans for allow ng conputer prograns or ot her

Isﬂfﬁ%{r ; 'Hg nlﬁgvggeﬁccrr da%ggg Oé{a@fc&s tarﬂ? ociﬁé}pc%‘inﬁ)%lte%)f?&d%me information
SuBRg BN APl g eiF?ﬁSragét%ﬁEﬁ%gﬂr%%aﬁg for example,

interface (such as that found in video gane devices), '
a mepovaideenorenalatjle antrpory sinsh 2adlenpyERQDY Flash mRoODYY. Disk drive
and associ at ed socket, and other renovabl e storage

UNidesoBy, 2CBARIOM)t ard athes p8flanshi ctoradel dwis akefwhr for aaxdmple, for
data to be transferred fromthe renovabl e storage unit

82%akPoktihe ARITRUESH, S he Fhta BHE cOMPRILE SistBYSSRITbERM¥en computer
al so include a communi cations interface 824

o %'?Iks(.: ?ﬁﬁ?&&o&é’] ttlﬁe,re %%%ﬁé%éaecﬁb e%@hﬁ‘xﬁﬁﬁé’%ﬁ@lué@ gorﬂﬁﬁt@r—readable

fansterred

information in a transitory state medium such as a network link and/or a network
interface, including a wired network or a wireless network, that allow a computer to
read such computer-readable information.

Computer programs (also called computer control logic) are stored in main
memory 806 and/or secondary memory 812. Computer programs may also be
received via communications interface 824. Such computer programs, when executed,
enable the computer system to perform the features of the present invention as
discussed herein. In particular, the computer pr(.)grams, when executed, enable the
processor 804 to perform the features of the computer system. Accordingly, such
computer programs rei)resent controllers of the computer system.

Although specific embodiments of the invention have been disclosed, those

having ordinary skill in the art will understand that changes can be made to the
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conmput er system and external devices. Exanples of

comrmuni cations interface 824 may include a nodem a
wmedmares nt erface (such as an Ethernet card), PEI/US2004/016802

communi cations port, a PCMCIA slot and card, etc.

Communi cations interface 824 preferably includes one

or nore wireless conmmunications interfaces, and can

al so include one or nore wired communi cations

| NERIARC BRboRRhial & RP @e}gﬁﬁﬁ‘g oA Ble8ifand S%OFG of the invention.

co nications interface 824 are in the formo

Si l's i . fQr exa e, _el.ectraoni -
ol S08r Sl B il B S ET RE; GGl bty to gfe spocific
bei ng recei ved €¥ communi.catjons ipterface 824. These

si GRRPLMENLs- EPI& THSEP tlo® CURAs (Bal o ARPe AR CaYsH any and all
via a conmuni cations path (i.e., channel) 826. This

chawthe hprdizationar miodiicstiensakrrd ambpodimentsewithipl Gasaeredol the present
using wire or cable, fiber optics, a phone line, a
celinwhdon.phone 1ink, an RF |ink, and/or other

communi cations channels.In this docunent, the terns

" conput ernREOgLigEgRedi um " " conput er - usabl e nmedi um "

"machi ne-readabl e nedi unf and "conput er-readabl e

medi unf’ are used to generally refer to nmedia such as

mai n menory 806 and secondary nenory 812, renovable

storage drive 816, a hard disk installed in hard di sk

drive 814, and signals. These conputer program

products are nmeans for providing software to the

conputer system The conputer-readabl e nedium all ows

the conputer systemto read data, instructions,

nmessages or nessage packets, and ot her

conmput er-readabl e i nformati on fromthe:

conput er -readabl e nmedi um The conput er-readabl e

medi um for exanple, may include non-volatile nenory,

such as Fl oppy, ROM Fl ash nenory, Di sk drive nenory,

CD- ROM and ot her permanent storage. It is useful, for
exanple, for transporting information, such as data

and conputer instructions, between conputer
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systens. Furthernore, the conputer-readabl e medi um nmay
i ncl ude conputer-readable information in a transitory

wet@da1rmesli um such as a network |ink and/ or a PEL/MSTK4/016802

interface, including a wired network or a wreless
network, that allow a conputer to read such

conput er-readabl e i nformati on. Conputer prograns (al so
call ed conputer control logic) are stored in main

menory 806 and/or secondary ¢jeqpygy 812. Conputer
prograns may al so be receivé%gvra‘connunlcatlons

erfage 8 Suc ut mhen e

endol e CHECBahE B EgTREA s BE B e el A LR Gpetions, e
the present i nvention as dlscussed her
pabeacen| picket; weludEigy at BrapPlsgRahtadeiyia %@%@e’am the method
enabl e the processor 804 to performthe features of
t heoropmyng e stepsoBm  Accordi ngly, such conput er
prograns represent controllers of the conputer system
Al t hougHetssiginkiiCtherdio dh @i buftdred foe annvetheiclionthaations;
been di scl osed, those having ordinary skill in the art

will ungerst Md b@tersd @&9?&% a¢RiPRIBLE TP to a f1rst logic value, the
thespecific enmbodi ments w thout departing fromthe

S ptrr‘ﬂ';ﬁ C. 1§&gat319ﬁ§) ebe{?{xjg {S)B%ea B fSI%t %19 gata }Eﬁlo‘fﬁ SR @Jac&?ﬁacket

i nvention res erefore
speci ficg nbodlnents nor e, i nt.ende
t he appkfntg%fa 12 Pgi #Y %%EP& SHEENF t@ﬁfé%mdlcat"f dﬂag to°a second
ap Ellcatlons nodi fi cations, and enbodi nents wthin
gircvadies, ohihHe diffesens thani the first logie valvpaend s cl ai med

is:CLAIMS 1, A nethod for broadcasting a beacon packet
t o one broadeasengthie dascomtpatled itsthe thentls@mtionn packet
including a preanble, a header and a data portion, the
nmet hod conprising the steps of:

2. The method of claim 1, wherein the traffic indicator flag is located in the

header of the beacon packet.

3. The method of claim 2,
wherein the header includes a service portion in accordance with an IEEE
802.11 communications standard, and

the traffic indicator flag is located in the service portion of the header.
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determining if there is any data buffered for any of
the client stations; if there is data buffered,

waedositngen traffic indicator flag to a first |Pgr/TS2004/016802

value, the traffic indicator flag being | ocated before

the data portion of the beacon packet; if there is not

any data buffered, setting the traffic indicator flag

to a second |l ogic value, which is different than the

first logic value; and broadcasting the beacon packet

to the client stations. 2. The nethod of claim]1,
wherein,the traffic indicator flag js l.ocated in the .
nodter 61 MRS ica GREGSRE ) Brason Thekd, o AEPn asheh pctucing
wherei n_the header includes a service portion in

ac EEABRMc 8 hefden antha Arepore, the methad Aongatsingiiae steps of:
standard, and the traffic indicator flag is |ocated in

t he ser wdcewingthe beavronatksts header. 4. A met hod for

processi ng a beacon packet, the beacon packet

i ncl udi pgpcassprgeafitst ortian e Ateeadtidpakeindoraspordeiepiinet ealue of a
nmet hod conprising the steps of: receiving the beacon

pagkel: inBlcARR PG fhel bdaddn PAILE ARe Harfid €1 di8RGONag being located
packet so as to determne a value of a traffic

| ALORBE ol dIF; ReBGORpacket . the trafiic

Icat or oca ore the data portion

of the bheacon packet; if the traffic jndicator fla

as. - f 1B TG 160 i e T8 el eluaas e Sesmgnode: and
the traffic indicator flag has a second | ogic val ue,

remai ni HgtheriraiBe iadicypeflag ihag antrgendihesiprvebies seragniag| in normal
or substantially all of the remaining portion of the

be aparatinpamkiéd and processing all or substantially all of the remaining portion of the

beacon packet.

5. The method of claim 4, wherein the traffic indicator flag is located in the

header of the beacon packet.
6. - The method of claim 5, wherein the header includes a service portion in

accordance with an IEEE 802.11 communications standard, and

the traffic indicator flag is located in the service portion of the header.
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5. The nethod of claim4, wherein the traffic
indicator flag is |ocated in the header of the beacon

w@aokail766. The net hod of claimb5, wherein thePtiEESEN4/016802

i ncludes a service portion in accordance with an | EEE

802. 11 communi cations standard, and the traffic

indicator flag is located in the service portion of

the header.7. A conputer data signal enbodied in a

beacon packet, the beacon packet including a preanble,

a header and a data portion, the conputer data signa

cogpri sin finst t t. i pegl.udi n r.af fi

i cac o oyt il T8 SHEBERT jar DReHithothrle Bt tefiegp pecte
of the beacon p ket, the traffic indi.cat

S eincliging i peiplsy) & hoafkiewich & AR cBTEObhat @ﬂ@%@ters I, g
data buffered for one or nore client stations,

be¢argpiseng:t o a second | ogic value to indicate that

there is not any data buffered; and a second data

segnent a ifing |dach %]m&ntphcﬂuélhlgtaytraﬁﬁc ol dieardr-figgetb is docated before the
traffic indicator flags being located within the data

PORAth PBriRfn dBe BRAGADBRAKEE 1r:8B8E thdifatdr g being set to a first logic
clientspecific traffic i ndi cator flags |n$ I cating

V"h%ﬂ}? lo Bgmgtgttha& t?l?err 1s aaﬂ%ffegéadt Br Bﬁg 6191581% cgl%trﬁatlons or being set

correspondi ng one o I ent stations.

conput er ta signal c erein

otbiectnhptoet i Pindi warfabys 1908 AaHibae

standard. 9. The conputer data signal of claim7

wher ei na serond dater seemeniginelydige o plagplifsof eicat-ppcific frpdic indicator
header - of the beacon packet.10. The conputer data

si flags baifig tdcatedh vaithintler dita pottenddbie bedcon|padks, each of the client-
service portion in accordance with an | EEE 802. 11

C OBFBdTFicCipdfti® il G ks Gadicutiflg whether or not there is any data buffered for

a corresponding one of the client stations.

8. The computer data signal of claim 7, wherein the beacon packet complies with

an IEEE 802.11 communications standard.

0. The computer data signal of claim 7, wherein the traffic indicator flag is

located in the header of the beacon packet.
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the traffic indicator flag is located in the service
portion of the header of the beacon packet.
WO 2004/111763 PCT/US2004/016802

10.  The computer data signal of claim 9,

wherein the header includes a service portion in accordance with an IEEE
802.11 communications standard, and

the traffic indicator flag is located in the service portion of the header of the

beacon packet.
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