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f0004] Network managers can assign different policies and functions for each wireless
network, increasing the flexibility and efficiency of the network infrastructure. In a
corporation using virtual local area networks (VLANSs), SSIDs may be assigned to enable
the separation of wireless applications based on security and performance requirements.
For example, one could enable encryption and authentication on one wireless network to-
protect private applications and no security on another wireless network to maximize open
connectivity for public usage. In another example, SSIDs may be assigned to group
together client devices having common usage characteristics, so that data users such as
laptops are assigned one SSID and voice users such as cellphones are assigned another
SSID. In a further example, SSIDs may be assigned according to an organizational
structure, so that client devices used by executives are assigned one SSID that will give
them high priority, and client devices used by others at the company are assigned another

SSID that will give them a lower priority.

{0005] Client devices may be battery-powered, and it is beneficial to enhance the battery

lifetime.




1 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] Enbodi nents of the invention are
illustrated by way of exanple and not limtation in the figures of the
acconpanyi ng drawi ngs, in which |ike reference nunerals indicate
correspondi ng, anal ogous or simlar elenments, and in which: [0007] FIG 1
is an illustration of an exenplary comuni cations system according to

enbodi nents of the inv LqQn: is.an j]lustration of a single
exenpl ary sequence of Mbpggwlﬁ%fﬁtWAﬁggstandi ng enbodi nent s
of the igbv§g]ti on; .JO009] FIG 3.is an_illustration_ of several exenplary

sequenceb’00p] Bmbedimentsfate myspiignpre lpstigiddrsvanef Fomplhard mdeaiaient s of

the invep! 12MNGod-Q0dOhe dcEbmpar | 3gham; %}H} i S
poi nt | acar iy e the e Comfab ol 8 AUATKR A8 K AgERE
f | owchar torofspamiing engdbgoug orsinnba clemenés, amdinestscii:ed by the access point,
according to an enbodi nent of the invention; and [0012] FIG 6 is a

f 1 owchar {00077} BIG.ek ésrah allystrmiohast 410 ehenplai emmteidatiyhst fISiers GeSHdinpabNnt ,
accordi ng to_another enbodi nent of the invention. [0013] It will be

appr eci afBROGMSRISPEFhedPYENIOBI ty and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For exanple, the
di mensi of{¥®08} Fl(s @rig anfillustretien efesingle sugmpleresegueree af beacor fames,dielpfulonher

e Pt dnlbad Pt PEUERAEPI | ca descr i pti on, numer ous. Speci fi c
embadi nelIoBFIG s SAMPPHIT VisvErRy STy sopEnci Rl et T ny PROSH of

or di nar yirSiidetstanfinich6thaf dmbdiidhncith 8f fekeeliniiBRt s of the invention may be
practiced without these specific details. In other instances, well-known

met hods, ro)dHPERSIUACS: ACOIPENEALSMARE & e M he ri gﬁ in
det ai | s% asPnot to ogscure t emerrgo%l %%@ﬁ%%%ﬁ%ﬁ%@ﬁ%ﬁ%@oﬁ FI G
1 i s an ¢tmbodimentéfdhe wivestongxenpl ary communi cati ons system 100 according to

[0011] FIG. 5 is a flowchart of an exemplary method to be implemented by the access

point, according to an embodiment of the invention; and

[0012] FIG. 6 is a flowchart of an exemplary method to be implemented by the access

point, according to another embodiment of the invention.

[0013] It will be appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For example, the dimensions of

some of the elements may be exaggerated relative to other elements for clarity.




enbodi nents of the invention. System 100 includes a wreless access point
(AP) 102 and a conputer 104 coupled via a wired connection 106. Another
wi red connection 107 may connect AP 102 to the Internet, for exanple, via
a cabl e nodem (not shown). Conmputer 104, w red connection 106, w red
connection 107, the cable nodemand the Internet may all be part of a

108 and | 5 coRtOPam 65 SLBLAY ﬁ%%ﬁﬁﬁ%ﬁﬁ?ﬁﬁﬁmw naes. for

exanpl e, ser i.dentifier SSI non- austive |ist
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a shot ant'enna, a dual antenna,” an omidirecti onal antenna and any ot her
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with cel phones 124, 126 and 128. Simlarly, AP 102 creates a

wir el essﬁhﬁi@mb@ﬁlknmfth@léw@nmfed by a third SSID, for exanple "PDAS', with

personal digital assistants (PDAs) 132, 134 and 136. The three wrel ess
net wor ks{0D168] FI(20 &wreck iliB§ratioh afse eb(bmp}saayreommdjlioatﬁmcwetamyl O0cdvaondelg to[ 0018]

The client Vi ces hownln FI 1 .just an _.exanpl e an wtable
clent BRUEBESERI T By Sech PO el 8aurlit el b b
client d@\ébﬁa ﬁteamc; &N Ol ARired t:enﬁ%eﬁ&moé OA?ioi’Mef aﬂu%a%oﬁ?écﬂ@ﬁhoh%yn a
particul ar non-exhaustive list of exanples for client deviceés

i ncl udesCWﬁRt éPdtOiZ dadhe bdemelr lxaxpupts; gia m@@bmﬁdem (@otrpiwer)s Cangpeap

(DR conpiard CRuBFRCIE. p3RERSbRton 193] weBEpRIRer ol hEBRE: Hiany

st at i onaglybe part bba “dtibuasidsyerntabe aP MRAN personal conmputer nenory card
international association (PCMCIA) cards, W.LAN PC cards, W.AN switches,

WLAN roufoeng) APLAN hfedtMesst ond aRnEL 169 168 i %rmgh?ém&&nﬁ{p@an toQdrt @breV deo
caneras, television sets and the like. [0019] Anbng other comuni cations,

AP 102 nwyebﬁm@tmork paroesd dersexampll, dwo rpn imdre genvice set identifier (SSIDs). A non-

exhaustive list of examples for antenna 108 includes a dipole antenna, a monopole antenna,

a multilayer ceramic antenna, a planar inverted-F antenna, a loop antenna, a shot antenna, a
dual antenna, an omnidirectional antenna and any other suitable antenna. AP 102 may

include a router.

[0017] AP 102 creates a wireless network 110, identified by a first SSID, for example
“LAPTOP”, with wireless-enabled laptops 112 and 114. Similarly, AP 102 creates a
wireless network 120, identified by a second SSID, for example “CELLS”, with cellphones
122, 124, 126 and 128. Simitlarly, AP 102 creates a wireless network 130, identified by a
third SSID, for example “PDAS”, with personal digital assistauts (PDAs) 132, 134 and
136. The three wireless networks 110, 120 and 130 all use the same radio frequency

channel.

{0018] The client devices shown in FIG. 1 are just an example and other suitable client
devices and groupings of client devices are also possible. The client devices are
configurable to belong to a wireless network having a particular SSID. A non-exhaustive

list of examples for client devices includes work stations, server computers, notebook
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traffic to the client devices (laptops 112 and 114,
126 and 128 and PDAs 132, 134 and 136).
medi um access control (MAC)

cel | phones 122, 124,
Each client device has a unique
address and is assigned an identifier by AP

102. [0020] In this exanple AP 102 and the client devices are al
"802. 11- enabl,ed" ans .t hat r Iess [o]0) cations..t her ebet ween
oot R BRHER lar i RS FRAIPE PO oG RUT U nY PoP R i RS s
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GHzPhase- Shi ft 4
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| 9200354 5dvs,Zxathc@oadéd) MARsanitr &Y URMGY viBky éh@s, MKidioh eoté Ag tHeweyer, it
will be obvious to those of ordinary skill in the art how to nodify the

fol | ow ng)(ﬁggA%dﬁ%rotﬁé'ﬂ SdrhRdniibNsS hangles %yoﬁ'aﬂsﬂﬁﬂjﬁﬁaﬂﬁlstaﬁﬁgoﬁhﬁxmgtds

[ 0021] transmts beacon franmes at reqular intervals to announce the
exi st enctradfc toghe ctientgiemizias Glaptoes Wil 2 ahésléﬁlnmlhﬁ)m’m 122hé24ni2érendof28t ande

bet ween r f secut i ve beacon franes |s "beacon i.n

Pra s shbRs Rnubind S0 H8h e $REEw b AERs mecon BRSPSt o ai ng
to the 8@ddrdsk aall dsbaigbed aidogtifistaryaAfnetfi c I ndi cati on Message (DTIM
period value is a nunber that determnes how often a beacon frane includes

a Del i verobof irttié GxdmpleC Al 00 WS 300 Blierf Hdvichd %@mbm 1ﬁeﬁagﬁé@d%dhn each
beacon frame. For 4 exanple, each beacon frane 200 may inclu
peri od ofmeansihdt wieleys mmmunhemnherbbmem@r@,1nascordmceam&dmleyo:ampm/\sf 202,

may i ncl ;fhcéefoehoDTl M,

wing “Wi-Fi” standards defined by the Institute of Electrical and Electronic

Engineers (IEEE) for Wireless LAN MAC and Physical layer (PHY) specifications:

Standard | Published | Maximum | Frequency Modulation
Speed '

802.11 1997 2 Mbps 2.4 GHz | Phase-Shift

802.11a 1999 54 Mbps 5.0 GHz | Orthogonal Frequency
Division Multiplexing

802.11b 1999 11 Mbps 2.4 GHz | Complementary Code
Keying

802.11g 2003 54 Mbps 2.4 GHz | Orthogonal Frequency
Division Multiplexing

However, it will be obvious to those of ordinary skill

in the art how to modify the

following for other existing WLAN standards or future related standards.

[0021] AP 102 transmits beacon frames at regular intervals to announce the existence of

and to synchronize wireless networks.

consecutive beacon frames is a “beacon interval®.

beacon intervals of T1.

The amount of time between the start df
FIG. 2 shows beacon frames 200 at

[0022] According to the 802.11 standards, a Delivery Traffic Indication Message (DTIM)

period value is a number that determines how often a beacon frame includes a Delivery

Traffic Indication Message, and this number is included in each beacon frame.

For



[0023] A DTIMis included in beacon frames, according to the DTIM peri od,
to indicate to the client devices whether the access point has buffered
broadcast and/or multicast data waiting for them Follow ng a beacon frane
that includes a DTIM the access point will release the buffered broadcast

and/ or |ticast data, if any exists or l.,e, I.f, a .DIIM .included in a

particul & De&con Tr , that
cul g el Biln B el i eI e of oo Psriotiet SeseR. ¢

br oadcas tragha 280 VéslihdibRed bansew ¢ @Y n:5Neados Batrcal |y as a diagonal |y

hat ched bl ock 206) after beacon frame 204 and before the next beacon frane

after beasnn] AT 20MhcludOP 2D calBiE 13RS, ]alcozgﬁgg@'f@m h@ﬁ‘o(ﬁ t& Mfidare>RY ©

mode for client devices. In power-save no client device may choose to
sl eep f otheoflignbdeviensevheibarothe jantass aimg hasbiufigrefldrroadvestcand/dr rawitisast idatia

i | ude DTl Ms. t DTl M i od..i | i ent i i -
odew | PR gia B - BEUTBE ARG To @ T deg e Mo G asarBaoet )
arrows 2fease feebufcflisroddeastidhtiMe RANIQL: ddthar hiANS8Ets. ar& dxaipid e BEIVRY

sleep and therefore the nore power that particular client device my

pot ent i alucindsde 2 mirticidarthegeon ftmgrddd iadisatce the existene ofhleroadnastadate, \th&02. 11

The acceBmiage e bl ReARRsH GRM\BGRRL 5 e ChaiR P mBo0Rle (e

beacon &fertheadd B 204 mdebef@s thd next Beacas idale diiePeddoh HaMB 208acons may be
| onger than the beacon interval. Cient devices that awaken from

pover - sapn2APeRe BBY. 11 sfdddrBatcifey pbR¥esal @ motRifhr LIRRGAEviERAMPERREEAL tO

receive the next beacon frame. Cient devices, however, conpensate for
thi s i naB@deat plieni dgvickimahehaose te islees fempnd oumgrarbedson inthieyalseadong forame.

[ 0025] rl 0 - e, .a ient device wil].transmt a

ot 11 capyilef el Bk BRUEL1STIT, WG o Brifibenf A% sl 4R Bty now
t o handl savenhedswill swilienCtodesdiveeetr} Other bofofi | fi#nY, a8 @vdiefed B arrews 202
device will begin to sleep according to the DTIM period, as _expl ai ned

above. Typf &ighes theNEM; pevied. kherlanager chie dewieringyr depprand tbpefaplicimearci n t he
‘access pﬁbw%r lih.Lip grﬁ]:ulg 'cﬁgﬁt cfé:@i@eclﬁ& ggtemiz\%\lg} 3%, n@ﬁm@?hgﬁ:o& ]jgame]sza(}e %Qﬁi[ 1.30
my have conflicti ng requi renents r po r consunpti on an communl Ccat 1 on
t hr oughpugingdtermamiajpen802.$ heerriensaee miudtiple xeurps Lcollidign dgsctibhd CSMA/LTD) may

require rel agively high communi cation_ throughput and may have | qw
Gonsi £ vPIEgTE Shs e oSBT S 1 et GOt FeBr M AEe WREHIBPEMOPer | od,

_f or exangy g vk seRBYADE rélt! AR RifaPlimeARNPRS bhicorR Maylbel hngdi MY B beacon

interval. Client devices that awaken from power-save mode may find that they have to
wait longer than expected to receive the next beacon frame. Client devices, however,

compensate for this inaccuracy by utilizing the timestamp found within the beacon frame.

[0025] Upon entering power-save mode, a client device will transmit a notification to the
access point, so that the access point will know how to handle unicast traffic destined for
the client device. The client device will begin to sleep according to the DTIM period, as
explained above. Typically, the network manager has configured the DTIM period in the

access point.

[0026] Client devices in wireless networks 110, 120 and 130 may have conflicting
requirements for power consumption and communication throughput when in power-save
mode. For example, laptops 112 and 114 may require relatively high communication
throughput and may have low sensitivity to power consumption. Therefore, a relatively

low DTIM period, for example 1, may be suitable for laptops 112 and 114. However,
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cel | phones 122, 124, 126 and 128 may require relatively | ow conmuni cation
t hroughput and may be operated by batteries of relatively | ow capacity.

Therefore, a relatively high DTIMperiod, for exanple 8, nay be suitable
for cell phones 122, 124, 126 and 128. Further, PDAs 132 134 and 136 may

of ol ot PO EOL 2o 76 it g BB rli e B wmRBer Bt wobelfinpl o

4, may benduidyald épekkd BIASHdRR of ]rglﬂt@él Ié@ Qapz{c@@z ﬁhe@fél’feeﬁltréiﬁmvéiif' hCess

point is able to store only a single D eriod Consequent | er ent
client d&VEegeiiof foneskamplpes.npae sulta‘a]e| onedeBphanes dR2¢ hed.s aﬂd)éa&on
frames a t 0; 4,h riod Current a_network na may, need
to bal aﬁg[cegﬁ%hg%ékosnlf% g?l nngIFe%’ﬁuI%l‘;rl)ere nt'€ %67 lé%lm%ormrgg%lgﬂl nlg{)r%l%%not A

communi CatayOe opdtated PPYhtteHs Mof ﬁlaﬁﬁ)&}?ﬂoﬁ.ﬁh’@aﬂﬁ)jﬂe THereFbiee 8t meEUMCBI VN
different w reI ess networ ks when onfi ur| n the DTIM period of an access

poi nt. [ 0en, W&éé@ﬂ%@%bﬁﬁuéﬁm@&r @ailfh%@itl on, an access poi nt
Wi th support for two or nore SSIDs may have SSi Ddependent DTI M peri ods
rat her t Th Carmgile BT Mogss inoiht forabld |toSSioBs. onlly ot $iegle WA, pretied.

net ot SRR Y0 A AE RSPt b T B e P

consunpt bedtoa Fhnte rmmﬂ@lgtto ¢ DIMay@hpdt iresily, eictdeN B8% gbNmay Baéd focul ar
wirel ess networks when determ ning which DTIMperiod to configure for which

SSID. A bplpptrerthoTrontiietingo dequitementsr dok epawyrs soRwmDtan 8af/i eRy_MIRCHiORer

consunpt rsa
't he couptih {B i SSE Bal oS QRSP 8LIEAR ih WA ctps B EHESY I,

DTl M per cadigning theoDT VM gledsd ofiat swoeds pbi?, a DIIMperiod of 8 to w reI ess
network 120, and a DTIM period of 4 to wireless network 130. [0029] Sone

access ppoOLSY Alcbardingite ad@Mboditied o€ tHeAnSaHRion! :Im id&@ss%oxﬂf&h& supbbi forf @RS M t
only a single s I?)gence of beacon franmes, nanely the beacon frames for a

single, Qemsts BSIDsaNgy havsRdD-doppendeph RN, P%@d&tﬂﬂlﬁf ithanexssipgle DFIMApegiod2 nay

i r 6l ess S TR EATAS e RS ek Bt Sttt B aBPsa PR Sacon
frame, a®TIhOpariiednaypeaSESIDai2A fetiverki maeigtchay consider ﬂieet%erements of

power consumption and communication throughput of client devices in a particular

wireless networks when determining which DTIM period to configure for which SSID. A
higher DTIM period may increase the potential savings in power consumption but may
reduce the communication throughput, and vice versa. In the example shown in FIG. 1,
AP 102 may be configured to associate a DTIM period of 2 to wirciess network 110, a
DTIM period of 8 to wireless network 120, and a DTIM period of 4 to wireless network
130. '

[0029] Some access points that are configurable to support two or more SSIDs transmit

only a single sequence of beacon frames, namely the beacon frames for a single, default

SSID.

[0030] For example, beacon frames 200 of FIG. 2 may be part of the single sequence
transmitted by AP 102. Client devices in wireless network 110 (“LAPTOP”) will listen for
DTIMs every other beacon frame, as indicated by arrows 202. Client devices in wireless
network 120 (“CELLS”) will listen for DTIMs every eight beacon fréme, as indicated by
arrows 210. Client devices in wireless network 130 (“PDAS”) will listen for DTIMs every
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network 120 ("CELLS') will listen for DTl Ms every eight beacon franme, as
I ndi cated by arrows 210. Cient devices in wreless network 130 ("PDAS")
will listen for DIl Ms every 6 fourth beacon frame, as indicated by arrows
208. AP 102 will ensure that if it has buffered broadcast and/or mnulticast
traffic r..GLlent. devices.in wreles et 1 t he. DTI.M. indpcating
t he pres%ﬁgg%g?cotn 7% 3 1874 EEdtvgrya 9“@5?[65% i‘&gﬁ@dgi??wuﬁe B llg/llttkfﬁ%u&g‘ieh be
| i st enedbro@dcabty arel/dremialtesti w48c [T6d g MBvices W WeleRSS nB&loMerko148.- DTRE31] In
one scenario, AP 102 may have buffered multicast traffic for PDAs 132 and

134 but ndisptipgtheprgenae! tap bufforeditraffiq isdncludeddn adpidb frat wilkbeitstpndddot he
next bea&p&iefn[ ?&ge stbglol?lgi I itgml%ge% B&»\Qﬁ[k fﬁd ent devices of w rel ess network
npl e, e'b "Frane 5, )

130, for ‘exa eaco and W'll transmt the buffered

mul ti cas shown _gr i cally. as ,a_.di agonal | y hat che bl ogk ), after
beacon fﬁogsrg]t %&eﬁﬁﬁfl fg‘? gmgﬁga%]%%?’te %@%E%%”‘fq]%ﬁ?‘% tr&?ficet?)r g’@f&)ﬁﬁfqﬁé 4 212,
[0032] | Buteho$ YSIFEDA I1380IAT DGR Gl ﬁﬁlud@%\’lia%gﬁ)pﬁ% BTIMGE 8RSeRPb&kod Rafe! S

configurable to support two or nore SSI éet transmts only a single
sequencetodie listened o by alient devihesrof wizgless metvearbu§0 plos sxdmiple theaeont areedld,e t hat

the clie ' ar.e [ fth rrent DTl M. riod.val ue for .the SSID
to whi chalh Y BEFSnE R BUBST By Stk EPhocaphie BB Y abBebEn RS oo

t he st anslackl 2u8eafedr BAcbnliateRilnadd varhada B behiEBamE aftciEHABM EGame

al t hough_the | ength of the Beacon Interval Field in the Beacon Frane

Format 141216 bits, the lower 8 bits of the field are general ly sufficient
to store the value of the beacon interval. Therefore, the upper 8 bits of
t he Beack®3Zhlnes astempBneolyingoelict evigeeand en caeasy pobnt bl iV goefigwdbleabue f or

a partic |D. s i devi ces bel.onging to..a wreless network
i D ¢ ngtols 3% o S8 s Binsui® o B et Btk it FafRs Bibecs

poi nt. Abreenmnrtdusglogsibilieiseio/atbuid thst BE clibg dedRebhlel dward Bf terGakiegnDTRIE! d i n
t he Associ ation Response Frane Format could be used to carry the DTIM
period Relodeafusfonths D dowhichshgybelens nat the access point inforns the
client device of the DTIM period value during the association process.

Al t er nat 0083} Somewf dhey @pSSBJIEEGSOmVQIV‘Bi ahiagigasf toathe standaid] esenefndQehiedefifedame

coul . beiilng D8RRl SISl L RSB B G BrhREDRS T @
' Beacon Frame Format is 16 bits, the lower 8 bits of the field are generally sufficient to
store the value of the beacon interval. Therefore, the upper 8 bits of the Beacon Interval
Field could be used to carry the DTIM period value for a particular SSID so that client.
devices belonging to a wireless network with that SSID would be informed of the DTIM'
period value by the access point. Alternatively, reserved bits of the Capability Information
Field in the Association Response Frame Format could be used to carry the DTIM period
value for a particular SSID so that the access point informs the client device of the DTIM
period value during the association process. Alternatively, any other bits of a field of a
suitable management frame could be used. In another example, to inform client devices
belonging to a particular wireless network of an updated DTIM period value for that

network, the access point could use a newly defined management frame.

[0034] Others of the possibilities do not involve changes to the standard use of 802.11-
defined management frames. For example, an access point may send the current DTIM
period value for a particular wireless network in a data frame that is multicast to all client

devices belonging to the particular wireless network. The client devices would decode the

7




networ k, the access point could use a newy defined managenent frane.

[0034] Others of the possibilities do not involve changes to the standard
use of 802.11- defined managenent frames. For exanple, an access point nay
send the current DTIM period value for a particular wireless network in a

data f i s ol t al,l cli. devi ces_bel ongi h
par 1 cur S i 48 Mt MRV a8 i Raan e (58 ASeuBuRPen 70 o

franme anditsinatiecly,tichllddVides ihoshry aF U DT HBA Yalhi®Forfthd WirBlelSketivbrk to
power - save, nmo Alternatively, client devices unaware of the DTIM period

de.
val ue f oWh%Cﬁéh‘??ﬁ hedongsronddigisnio el beygong pnd ieytifydhoRd IMaerigd vakie drom Beal |
peacons althd A Y inlld MASHLATRN B AR 1 Fhar RETIRL LGN OrpfeT! Mo

havi ng i sin Wi reless network. This™ woul d

requi re wheldcleyeind tideslice sletioehay Badenowvaede f the hgistoncs tofBE offer tchientot her
client evices in that wireless network. [0035] Oher access points that
are conf fgureidn that WirelssiRF oM or nore SSIDs transhit a separate beacon
frame sequence for each.of the SSIDs. Such access points may include the

SSI D- depBWdehOtprpagepepeists that e chnfiguehdn tosunped thivaaonorerSHiiPs srpteitee f or

a parti X I shows a seguence .of heacon
v amos. oigedtfc tRahoh Pl itluchl pR¥AMY tne SolBs, SER AR SN Bei R T o
250 i ncl S§iDdepend8idt NMDREVI pekicd i2; cadh SRALGNGE BE bdACHE Frunld 3BRRNED Jordtta

intervals of T2 for wirel ess network 120, each beacon frame 250 including

a DTIM pB‘?‘rPE)‘HaﬁSI@;- and a sequence of beacon frames 254 at intervals of T3
for wreless network 130, each beacon frame 254 including a DTIM period of
4. AP 10B03phEensrespte FlGe? ghawat s¢aienerioihentamfrmass Afbat ittsrvald o by

net wor k caon [ 50 s |1 pdicat ed ,by..arrows 25 AP

105" hot S EVofl [ cREARA0n HALE ST o Bk A BITFOG Y 2L SRR, 20
every ei bdichn f@ace25Rraritternls oRT2i 06 néRlR6 nbiywoak NS cack BracAPra®e A50c! udes
Del i very, T[@;fi c_lndication Messages for wireless network 130 every fourth

beacon f P4 mEHD T nead odde andy sequeassotizacoy bomvy 25%&%4@%%%?-? X AP

netvork TS A pst ot CRRRat Rk o Bbnlln UM pARALSES, (Rpdihin oo

frame timchdes Dslieare draffic ydicdtioa Mesdages da@swinéless Heelh@ksl 10ekveyrdthel Hdacohor .

exanpl e, frgr%gCZ%%, fag a}lq(%cgtgg by arrows 256. AP 102 includes Delivery Traffic Indication
Messages for wireless network 120 every eighth beacon frame 252, as indicated by arrows
258. AP 102 includes Delivery Traffic Indication Messages for wireless network 130
evéry fourth beacon frame 254, as indicated by arrows 260.

f0037] In one scenario, AP 102 may have buffered broadcast traffic for all client devices in
wireless network 110. AP 102 will include an appropriate DTIM in the next beacon frame
to be listened to by client devices of wireless network 110, for example, beacon frame 262,
and will transmit the buffered broadcast data (shown graphically as diagonally hatched
block 264) after beacon frame 262 and before the next beacon frame in the sequence after

beacon frame 262.

[0038] In another scenario, AP 102 may have buffered multicast data for cellphones 122
and 124 but not for cellphones 126 and 128. AP 102 will include an appropriate DTIM in
the next beacon frame to be listened to by client devices of wireless network 120, for

example, beacon frame 266, and will transmit the buffered multicast data (shown




and wll transmt the buffered broadcast data (shown graphically as

di agonal |y hatched bl ock 264) after beacon frane 262 and before the next
beacon frame in the sequence after beacon frame 262. [0038] |n another
scenario, AP 102 may have buffered nulti cast data for cell phones 122 and

124 but not, .f cel | phone 6 d 02 wi.ll ipclu n ropriate
orin i n Seuefly E waluans frehhes Bk oferaioe e fibeiid brivr dben

Wi el esshaebivBtine 12 the sbQiencSXRIMeBooni®AEON6d.r ame 266, and will transnit the
buffered nulticast data (shown 8 graphically as diagonally hatched bl ock

268) af t gozhpagrpn4f (L2ABLRER 49 aﬂff Qr & ¢ c
sequence aftbgr beacon frane 26%I (5)039 %FEB%’LFSCP%% ((S)hgi |adfn %nan
exenpl ar gfmh@ximsst qudhm invacomr. dARd 02 andndes etrtrasti anerantenha 1 @&coupﬂmirtblaaadloAP 102

i ncl udes .anten 108 coupl 0 a radio 2, Which in turnis
coupl ed %@f avfﬂ? Bitn i€ Soppls %Bf%ﬁ%,‘sebgﬂ%lthﬁmfét‘i’ia?ﬁaﬁl@ ?ywﬁ%% AW9faust i ve

l'i st of @;&%ﬁ’ﬁiv%shsft QF eféﬂrﬁﬁl% ?&rpﬁ%sdr@mqﬁ@l%dé’s £ 8ltfaf brREQERSSINE R, b
(CPU), a digital signal processor (DSP), a reduced instruction set

conput er digitplSeignal aproosspdre DS sit raducedomstettlcmomsmompu@tl BCyChrral compleki ke.

Furth 30 |
|t eqr at Daas PEer SoRaes CgPe a0 Bk, chyraBPmERY piokBrepl e G Seiafr of
st andar dapagslieatiord HHHik. infeBRAR] cirdRit J(ﬁ%l@j &th;ﬂﬁé y?m oflabpRidati® ¥REific

interface 306 coupled to a wired network controller 308." The wred

net wor k(ﬁtﬁﬂdﬁﬁ@p@é‘lm(&ss@iaml e, Ethernet network(s), token rings,

Uni versal Serial Bus (USB), wired network(s) according to the | EEE

1394- 199K040] ABFI023d4a imdEBs 2awited EEEvo:ngmtbrfsmeaMﬁacwle(dctomfﬁe;& ietioonls as

"FireWr ar y —Conmbi nati o ere Wred nterf e 306 is

able to gseomlﬂ gﬁé]coq’ﬁe‘gfr?égﬁgtw Qtle@fo f”ffé’ﬂ %WS Elopd » ¥5Cessor

304 may ﬁﬁg@ﬂmvﬁéalt%asm (USBg,gﬁrﬁ%@dleﬁdrdrﬁ(éb tac&rding to SRS WEL € 30411995 at ed

circuits, Sl m | arl (YQO processor 304 and wired network controller 308 may be
e

part of HHRE 4a¥Ma-2 Q—f*‘atIEEIE di3Pély |Stané¢rd$ ﬁccgepamlatleowme rFaltee‘GIQ: Der,fuiilbfs

from AP maybe coup o pr ocessor or par edded
i nproceasbl07304.
[0041] Radio 302 and processor 304 may be part of the same integrated circuit or in
separate integrated circuits. Similarly, processor 304 and wired network controller 308

may be part of the same integrated circuit or in separate integrated circuits.

[0042] AP 102 also includes a memory 310, which may be fixed in or removable from AP
102. Memory 310 may be coupled to processor 304 or partly embedded in processor 304.
A non-exhaustive list of examples for memory 310 includes any combination of the

following:

a) semiconductor devices ‘such as registers, latches, read only memory
(ROM), mask ROM, electrically erasable programmable read only memory devices
(EEPROM), flash memory devices, non-volatile random access memory devices
(NVRAM), synchronous dynamic random access memory (SDRAM) devices,
RAMBUS dynamic random access memory (RDRAM) devices, double data rate
(DDR) memory devices, static random access memory (SRAM), universal serial

bus (USB) removable memory, and the like;




A non-exhaustive |ist of exanples for nmenory 310 includes any conbination
~of the followng: a) sem conductor devices such as registers, |atches,
read only nmenory (ROM), mask ROM electrically erasabl e progranmmbl e read
only nmenory devices (EEPROM, flash nenory devices, non-volatile random

access nmenory devi nchrono n ando ry
(SDrAM dovi ves. | Brcl Uik sul Y BGsRPEY B Oy BB R0 B
doubl e data rakeike(dddR) nmenory devices, static random access nenory (SRAM,
uni versal serial bus (USB) renovabl e nenory, and the like; 9 b) opti cal

devi ces, such as C&%@é&tl@ﬁé\lﬁcéseﬁﬂzh%laﬂlaﬁl@ﬁﬁk%’otg % et1<§ﬁ?e anife; and

c) magnetic devices, such as a hard disk a magnetic tape,
and the |ikethe[li#©43] Processor 304 and wired network control [ er 308 may be
coupled by signals 311 to coordinate their activities, for exanple access
to nmenor moaappropé&aéﬂ}ommmmemm celiterlizr 398 atiydiel conpledfbytsignatar3mape SSI D
values to r ectlve_ periods, and of two or nore SSID values to the
MAC addr‘é‘§3§§‘§ Ghe ?Célﬁﬁtle FE’E’éﬂP HRFEHYTBERY YR Wi rel ess net wor k
identified by the SSID val ue. For exanple, nenory 310 nmay store the

associ at i9A4bMempsy S& pnay spropssogjatipng he tOTIav iperei B2 velugo 10 respeetivei nar y

notat i o ”i)Tﬁ%%hg atniar of pecﬂBﬁ%ﬁ% %lu{esaf%t Y M&@aﬁ?egi%%‘f éi%ﬁ{‘ 8h8Gs

"MAC- 1" SimTarly, nero ore the

associ at beongifig tohihe SStel2ss hEklokiSidenti fitd bheheSRIMaRicl (Fdr 8x2(m]:119(}ﬁ mory A0nary
not ati on) and W|th the, VAC _addresses of cell phones 122, 124, 126 and 128

( denot edMxiterg-the aggpeiaiton of theoSEID “TAd TQURCwEh the &TFJM:PFW ) COGi0ipar |y,
menory 3 t BN e

peri od 4Blgal ot Gpd ﬁ?@ﬁ%ﬁ i %dg?esgénsd& ﬂv}ng?tﬁﬁsskﬁ Rl (hbdEREARTEN,
132, 134aIEPMA13-6” (rdereotready ). NA@ilatly, m&m&y&l()anaiy SiBge-the assocm’amaof the SSHID.

er gg;gggjr‘(\f]gfo% ” anﬁl ?he %’ILINpre}rIQg SSE (als(ﬁ)?)gl Llcl)lgrsy ggt%tlors) o t I nt 8' Ly in
addresses of cellphones 122, 124, 126 and 128 (denoted “MAC-37, “MAC-4”, “MAC-5”
and “MAC-6", respectively). Similarly, memory 310 may store the association of the
SSID “PDAS” with the DTIM period 4 (“0100” in binary notation) and with the MAC
addresses of PDAs 132, 134 and 136 (denoted “MAC-?”, “MAC-8” and MAC-9”,

respectively). Alternatively, any or all of these associations may be stored internally in

processor 304,

[0045] Memory 310 may also include a buffering system 312 to store incoming traffic
destined for client devices. For example, data 320 of incoming traffic may be transferred
to buffering system 312 under control signals 322 of wired network controller 308, and a
flag 314 in buffering system 312 may be set to indicate that buffering system 312 stores

data for a particular client device.

[0046] One or more counters 340, located for example in processor 304, may be used for
the purpose of managing, on a i)er SSID basis, the timing of transmission of DTIMs to

wireless client devices belonging to different wireless networks managed by AP 102.

[0047] FIG. 5 is a flowchart of an exemplary method for implementation in AP 102,
according to an embodiment of the invention. In this embodiment, AP 102 is an access

point that transmits only a single sequence of beacon frames, namely the beacon frames for

a single, default SSID.
10




[ 0045] Menory 310 may al so include a buffering system 312 to store incom ng
traffic destined for client devices. For exanple, data 320 of incom ng
traffic may be transferred to buffering system 312 under control signals
322 of wired network controller 308, and a flag 314 in buffering system

312 may tq indicate that buf ' system 312 stor dat

vart 1 ot EP4EFEabdeldfir i@tk By RenLTIM Hoie” Ll o6 Pl 20 SSTCGE derRt,
exanpl e wnh@ésgg@m@'n@@ﬁmd&mm (md for the purpose of managi ng, on a
per SSID basis, the timng of transm ssion of DTIMs to wreless client

devi ces. pRonGfo b LAERNs 1he GLIESS (RLIEY HimNAa ADRAEANGY AR Afifer £000 ]

FIG 5 1is a fTlowhart of an exenplary ntation in Al
accor di ndecronentece biyodi(h@a)t thef DXITAE pewvahtvilma. askovidtbd svidntimdiefeult SSAP 02 i s

an access nt.that transmts only a_.single seque of beacon frames,
nanel y tW«SIUBE‘;H’OWegFaacﬁﬂgrafr{?randéh%?‘??ﬁP’éﬁa’ﬁi‘@g%fﬁ?”tsm%éq%%%% [ 0048] Counters
(for examl one DTI M peri od val ue or one i are | oaded. with
Fespect | TBSBTIATAH: beicounteiggat Gi2yang 6abIcked ThbiRek G024 G e oG EnBas ¢ he

val ue 1 % &GH8S B&Qu 02' ock 504), then each counter is decrenented by 1
(506), e DIIM d val ue associated with the default SSID is included

in the beacon fra;rg) Iﬁfg@lé %tﬁ)éa %ﬂ:i I(':SZfaI"iN IO%Y’(OL%’&& 9380 tth ]l Al

any of the counte e va
follow ng acmie@ﬁtﬂuquumhe(lﬁzh&)nfr@-)le,DTl Ms for the wireless networ ks for
whi ch the counters have the value 1 are included in the beacon frame; b)

the counters havi ng) fheeovdeChabvimy el RIRAHQEL Widdled RBtH @SREFtR DTINY
period val ues; and c) the counters not having the value 1 are decrenented

by 1. [0051] m@dweuesiandhen continues to bl ock 508, in which the DTIM
period value associated with the default SSID is included in the beacon
frame and the beacoxthé caumters sot Havingsthe valed 1 afOdsRimerteddry bl ock 508, the
nmet hod resunes from bl ock 504, in which the val ues of the

[0051] The method then continues to block 508, in which the DTIM period value

associated with the default SSID is included in the beacon frame and the beacon frame is

transmitted.

f0052] After block 508, the method resumes from block 504, in which the values of the

counters is checked.

f0053] FIG. 6 is a flowchart of an exemplary method for implementation in AP 102,
according to another embodiment of the invention. In this embodiment, AP 102 is an

access point that transmits a separate beacon frame sequence for each of the SSIDs.
[0054] The method of FIG. 6 may be implemented in parallel for each SSID.
[0055] A counter is loaded with the DTIM period value for a particular SSID (602).

[0056] If the counter does not have the value 1 (checked in block 604), then the counter is
decremented by 1 (606), the DTIM period value associated with the particular SSID is

included in the beacon frame and the beacon frame is transmitted (608).

[0057] If the counter has the value 1 (checked in block 604), then the following actions
occur (610):

a) a DTIM for the wireless network having the particular SSID is included

in the beacon frame; and
11




counters is checked. [0053] FIG 6 is a flowhart of an exenplary nethod
for inplenmentation in AP 102, according to another enbodi nent of the
invention. In this enbodinent, AP 102 is an access point that transmts a
separate beacon frane sequence for each of the SSIDs. [0054] The nethod of
FIG 6 may be inpl nt ed arallel for e 5 counter is

| oaded with the D SOUBIFT i F?]%a4e§ with the &E%S °§s{’ f(%zﬁ}e‘.e Pﬁ%&%‘ | f

t he counter dgg.not have the value 1 (checked in block 604), then the
counter is decremented by 1 (606), the DTl M period value associated with
t he part &gﬁg i QQ%C gﬁﬁp rame
i's trans%@?%@EM§§%g?&§f%%g%% tHg Egﬁﬁter ﬁgs%?ﬁge$gnﬁgh963 eck gL

bl ock 60apocisthéwithithe patibwdw S Dastindnded incleibea¢@lBime and theDELddnffomme ine
wirel ess netmg%t having the particular SSIDis included in the beacon
frame; a the counter is reloaded with the DTIM period value for the
parti cul E 0058 The met hod then continues to block 608, in which
the DT Bex Blogk % §s Biscnaited rosumes Fm hiack QU dp wheghDbesvalyrcplidded i n
t he beac&ﬂm} g, afg the beacon frame is transmtted. [0059] After block
608, the nethod resunes from bl ock 604 in which the value of the counter

i s check 6 0 r-b sed henes, descr | espect
to FIG @%3%9% @m%&}rage&’%hg ex%sr(r:p es e (T 19} reisgecgg?/}:g(g é/f‘%%f(% r48n of
or di nar yjuskédamp@naiiditiisrpbeogatio @ﬂ;érmm@t drdfhary IR H6WRD imP ERAIAE sltdrAdtivehe
timng of the DTIMs according to enbodi nents of the invention. [0061]

Whi | & c SPRBAESTERR SEHeBEs oPT (o FHDEIRE R HAVMS Beeridg| lgsembedimenisc ddscr | bed

herein, ;¥BR¥%yOdi fications, substitutions, changes and equivalents w ||
now occur to Pﬁose of ordlnary skill in the art. is, therefore, to be

und_er st O@GM&I&Q%H%%%&%% ofcf tﬁef meﬁtgﬁn hq nt %glgel?qs%rgte atn descnbea"flerem

nodi ficatio changes as
many modifications, substitutions, changes, and equivalents will now occur to those of

ordinary skill in the art. It is, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall within the spirit of the

invention.
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invention. 12 Cains: 1. An access point (102) configurable to support two
or nore wireless network nanes, the access point (102) conprising: a
processor (304) to manage, on a per wreless network nanme basis, timng of
transm ssion of delivery traffic indication nessages to wireless client
devices belonging to wireless networks (110, 120, 130) nanaged by said
access p6laims(102). 2. The access point (102) of claim1, further
conprising: a nenory (310) to store for each of said network nanes a

respecti I|v ndi.cati on ssage peri.od val ue_.associ ted
herow ¢ 1 ASEUeHE ik (R cEp HRESS 3ol s A S i leh MelPat SRS Bepoi
(102) cospesssRntTe@NTonphikil: are adapted to transmt a separate sequence of

beacon frames for each of said networks, and beacon franes of a particular
sequence for # P5RACEICEUPED) iemapage. ionch e veepless ngbvarkarama basis itaningdifcat i on

network. 4. oiaXSRHBBERAR ALEE bl B aeliRS L PE i BeeuElsl o ™

(102) conprtomlaseaﬂarormf(llc(mlaoelmjalﬁﬁalegladtlg;da[cﬁib%&stpomtﬂ@m e sequence of
beacon frames for one of said networks is not to transmt sequences of

beacon f%gﬁrﬁs for ot her al d net wor ks, .and wherein said access point

(102) co S AceiRRpit ) é&'ﬁteéﬂomﬁﬁﬁlﬂg ‘orma client device of a
delivery traff ienloipi1iof {cﬁeﬁéﬂe%r CRASAIEIPEL AL i RLLEABRRCL BERR M2

particul ar network “ nane during an associ ati on process or sai
net wor k havidigatmaimespagetfietiodl anlue netoniatdd tharewith5. The access point (102) of
any of clains 1 to 4 wherein said access point (102) is 802.11la-enabled

and/ or 892.-1l b-enab 802,11 enabl. d 13 6. rel ess system

(100) " cotr i Fare et ABELSLaRRE 2 18sFEond rorapvie (AR REREotoEas

first w walctssre nelhped ko NediBmitd GeparaR Ce Henth I &l BaSor) Hanits KfoP 2B of said
networks, and beacon frames of a particular sequence for a particular network include said
delivery traffic indication message period value associated with said network name for said

particular network.

4. The access point (102) of claim 2, wherein said access point (102) comprises means
which are adapted to transmit a single sequence of beacon frames for one of said networks
and is not to transmit sequences of beacon frames for others of said networks, and wherein
said access point (102) comprises means which are adapted to inform a client device of a
delivery traffic identification message period value associated with a particular network
name during an association process for said wireless network having said particular

network name.

5. The access point (102) of any of claims 1 to 4, wherein said access point (102) is
802.11a-enabled and/or 802.11b-enabled and/or 802.11g-enabled.
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a first wireless client device (112) configurable to belong to a first
wreless network (110) having said first name; and a second w rel ess
client device (122) configurable to belong to a second wireless network
(120) having said second nanme, wherein said access point (102) includes a
processor (304) to manage, on a per wreless network nane basis, timng of

transm sgi Qnwbicaeh kil o 0bY dhfdr&idondi cation mnessages to wireless client
devi ces bel ongi r?g ty'(S) gm{@e?)ress ﬂne%\%grks managed by said access point (102).

7. The wirel ess agygst pomi( (10D) cooffigotabienoGuppdre neienst adirst witelesnepodrittnaik02)

further includes: menory 310) to store a first delivery traffic
i ndi cati on WESSFHEWEFT'BF WHYUYEMaBREs0ci ated with said first nanme and a

second del i vegYirdthatdidss clidigeqict ?HZW%&EI%.??LH%g gd %?or(lﬁ/ R %s@v%\rj\rﬁl@iss%{e?\goﬂg th

sai d second nane. 8. The w rel ess syst aim /7 erein said
first val ud!i® ivingepidirstrapm; ged d  second val ue. 9. The wirel ess system

ar e noapt od 1 b SFoaa e APnEaRAs Tof Silianthle o RRPE 18 FReCidouitlefce of

beacon fr aresorkd b)) Habiak shidGkét#@ aged first value, and said access point
(102) conprises neans ich are adapted to transmt, for said second
net wor k ( 120) Whereife s236 dioesss et d182) eliden a tfrpeasens (324P)0 thanagel nolaupe sai d

second val yg ) i . SYSt. 00) of .clapm 4, erein_sai.d access
o nt (102 el nekaB b, B8P YRS Ikl ) MoV HEEL Taion
sequence ofmdssagsro fwissies ofi2gf0Jevides telinging foSkirelB&t N@wkrks Ihfhagandyraid t o
transmt a sequence, of beacon frames for said second network, and wherein
sai d accesL°FOF RO U92)- conprises nmeans which are adapted to informa
wireless client device (124) of said second val ue during an association

process H0mrhs diifless SERA( 108} YPLKind & 3 ereih2ailil ' f any

of clainms 6 to 10, \%r%erel(n Bsai d acc’esserfp:)loi %It 5%%92%%(1%\?;@%}8’@%@]&}%m

devi ces are S@Mmeameryd3af) tdstareds dirst8ddivehbirefimbinditatord oassa30 hetibd-vatreabl ed.
associated with said first name and a second delivery traffic indication message period

value associated with said second name.

8. The wircless system (100) of claim 7, wherein said first value is different from said

second value.

9. The wireless system (100) of claim 7, wherein said access point (102) comprises means
which are adapted to transmit, for said first network (110), a first sequence of beacon
frames (250) that include said first value, and said access point (102) comprises means
which are adapted to transmit, for said second network (120), a second sequence of beacon

frames (252) that include said second value.

10. The wireless system (100) of claim 7, wherein said access point (102) comprises
means which are adapted to transmit a single sequence of beacon frames (200) for said first
network (110) and not to transmit a sequence of beacon frames for said second network,
and wherein said access point (102) comprises means which are adapted to inform a
wircless client device (124) of said second value during an association process for said

second network (120).
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12. A method conprising: transmtting delivery traffic indication nessages
for a first wireless network (110) at a first period of beacon intervals,
said first wireless network (110) nanaged by an access point (102) and
having a first wirel ess network nane; and transmtting delivery traffic

i ndi cati @D MBRSRUERsd Ystcn %?Caﬂg%\fglegﬁ{seéfo gt Wﬁgljéin (3@ Qe &ngm%ﬁg @91’(112 0)

different period of beacon int sai d second wreless

managed byredas dleocessicpoiand 80202)-cagstdedamiloy $05EGosnm@bledi fridiore802. M g-el ess
network nane., 13. The nethod of claim 12, wherein beacon franmes (250) for
sai d firg?a%'ri work (110) are transmitted separately from beacon franes
(252) for said second network (120), and wherein said beacon franmes (250)
for saidipi nsthethed Wohikrididg0) include a value representing said first

peri od and sai d beacon frames %25_2)_ for. said second network (120) include a
val ue repr esefensngiigg deliverydraflip éndicdionimessagve foet fiost wifcledsaietwdR, (11her ei n

b f . M tt f id first t k (110 d not
For said seianironatial & 507 MiehERth BT it e rmenshr ML REA A S iPg o
W rel ess cldcess pday (102) éﬂ@ﬁaviﬁ){aﬁagtd,iﬁg@@ﬁ@twgg{ﬁgge-%ai ng an associ ation

process for said second network (120). 15. A nethod conpri sing: configuring
an access poi fensmiging deliysor taffly indication roessages rfor ¢ secand worsless anatgorkt o
store deliv r WGq1 i [.OF riogds.o rwi;rel ess network
name. basi &2 s, IBLRAL bARd'BE R8RS RRENAET s 5 B HES B0
execut abl e (B0)anpnagedsisosaid Hddgss fintt (1O2ncaE IBVRQI Miscéobd2 Miftrer@Nyirelkssc| ai s
1 to5 for inplenenting the nethod of claim15. 17. A conputer readable
medi um co ‘i’rffd’ag’@de means executabl e by a processor (304) of the access
point (102) of the wireless system (100) of any of clains 6 to 11 for

I pl ement 3 Nahé Retial Fadhif 122 WheRiin bbaloHSratifes (#50h4or da2d first network (110) are
transmitted separately from beacon frames (252) for said second network (120), and
wherein said beacon frames (250) for said first network (110) include a value representing
said first period and said beacon frames (252) for said second network (120) include a

value representing said second period.

14. The method of claim 12, wherein beacon frames (200) are transmitted for said first
-network (110) and not for said second network (120), the method further comprising:
info'nning a wireless client device (122) of said second period during an association

process for said second network (120).

15. A method comprising:

configuring an access point (102) supporting two or more wireless network names
to store delivery traffic indication message periods on a per wireless network name

basis.

16. A computer readable medium comprising code means executable by a processor (304)

of the access point (102) of any of claims 1 to 5 for implementing the method of claim 15.

17. A computer readable medium comprising code means executable by a processor (304)
of the access point (102) of the wireless system (100) of any of claims 6 to 11 for

implementing the method of any of claims 12 to 14.
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