1 HANDLI NG BROADCAST AND MULTI CAST TRAFFI C AS UNI CAST TRAFFIC IN A

W RELESS NETWORK [ 0001] The invention generally relates to wireless
networks. In particular, enbodinments of the invention relate to power
saving for one or nore client devices in a 5 wireless network. [0002] A
wi rel ess access point (AP) is a device that "connects" wrel ess devices
together to create a wireless network. Thejw rel ess devices, also known as
"client devices", comunicate with each other or with other networks

t hrough the AP. [0003] A client device may, or may not, be battery-powered.

For exanpl e, C | &R, el ~e I

W rel ess- enat%%lgb%z[ﬁf}p%%ﬁégﬁ?‘%ﬁe e@@@%mgﬁ %ﬁgﬁsgﬁg‘gﬁg‘? gﬁt
(PDA), and the like, nmay sonetineg BWERBAESSNNEPW@ed, and at other tines
may receive power froman external source, such as a power outlet. O her
client devicesgijsuchrias iavéepkt %Ené}@lmgw%e%es MRY Witg&dsV GieRPNRE. T MM ARicular
external source, such as a power outlet, and may not have the opti'on to be
bat t er y- powesgipdimentp @60k inventimyrelrse e peicsating oremisanraeotchdicbatitdeas in a
lifetime ry-powered client devices. 2 SUMVARY [0005] An access
point is go Vﬁlg%éﬁ%e%?g%rgieved broadcast or nulticast traffic as nultiple

i nstances of H(% cast, traffic, where e?ég i.nstance is destined for a _

cor r espondi H§™lr el ¢ SVIIPISetceHeDpink (AE) de itaf@ichithal TCRBRGET cWiclsss devices

[ 0006] I n ongyardroLy , at Qe in HE rjndi i, Nee A
delivery traffic i ng}i%g{a(& ?o\ﬁﬁer#g%gggtzvo?%ﬂ %élmtdﬁéel%%i !g(tg'g%gé a%)slta %’ﬁ%racs)a cas
or nul ti castdevicas’t cemanmgioaiel witlheachl ot er withariberirtetwinks iroaglcthstATor

mul ticast traffic following a DTIM In this enbodinment, all client devices
associ at ed WWe03]t he factessdgyaientman o mhe naf,f lecbakryp0@erLl. For anardpleet ndiehy e

enbodi nent,, the access paint wl| ntinue tqg indicate in a 10 DIIMthe
exi st encgtoofdeylﬁ% wﬁéﬂg%{elw—ep&hl?@ %&Eqp’ fr7aF qczf?sé’e&ﬁ?ile%i Gephongng Yirelggs-enabled

broadcast omhersgihitdigiftashib@ht (FDARLh@ WK ) MmidinA96H bAiy LOwEkRE, and at
transm ssion of the broadcast or
other times may receive power from an external source, such as a power outlet. Other
client devices, such as a desktop computer, may receive power from an external source,

such as a power outlet, and may not have the option to be battery-powered.

15 [0004] It may be beneficial to enhance the battery lifetime of battery-powered client

devices.



mul ticast traffic as nultiple instances of unicast traffic. In this
alternative enbodi nent, only those client devices having a Recei veDTl Ms
paranmeter set to false will be affected. [0008] A client device may adj ust
its listen interval parameter according to predefined 15 consi derations,
for exanple a charge level of a battery to power the client device and an
expected usage nodel for the device. Aclient device may initiate a
reassoci ation request to informthe access point of its adjusted |isten
interval parameter. 3 BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0009] Enbodi nent s
of the invention are illustrated by “aﬁlﬁ&hﬁ%gﬁple and not limtation in
the figures of the acconpanyi ng draw ngs, 1 ich like reference nuneral s

n
i ndi cate cor ndi Ry, I us. ar._simlar elenents, and in ich: 5 .
0010] Fi o P8P an Mliec R aBRER" srand eeedin Chd FEBn P L r S HEILG & hftple
accordi ng t oinstanees enhodisnenik, Ofhetd€achuanhdeoR;deb @t Bl Grredpdrlidwircless
illustration of an exenplary sequence of beacon franmes, helpful in
under st andi r@l@bﬁﬁ’l@nﬁéﬁifﬁé‘x%ﬂldhe gasesspweint i on; [0012] FIG 3 is a block
di agram of an exenpl ary access point, according to an 10 enbodi ment of the
i nvent i on;> af809l0013h dre@mbwdingend, the eclessip@gt @il of loagerdndiopiean y daliveal essfic

client device,. accordin enbodi ment. of .the invention. [00Q14] 1t _wl]l
be appr eci atnelg‘wf%ﬁ%ﬁ “&eﬁﬁﬂg‘ékﬁgpﬁgf%@ %ﬁw@l Oirtﬁ‘f yrc@gcqu PLEMEgasRattig aaderilsno
shown in théohggui@smhane bRAcAE 6L BRMidakd i8R To 6w 4 BTHGA! B thiE UntUAARE:
the 15 di nensions _ of sonme of the elenents nay be eXaggerated relative to

ot her el enerftkcliegt devigegapsopiategl wiDETHE AcEys DESCRIPTE @Ne§ted15] I n t he

foll owi ng detailed description, numerous specific details are set forth in

order to prd0P¥d a tlhomoaltpmativdengiodirdéenig thef aceatsotiinewtls caftimukeaoiindiestiian
in the art that

However it ] e _understood by those of ordinacry skill .

he enbod it SR eHEREES ROB, tRéadety B s Pat cRidialy to bekomehdSeMiopisar pE

details. | nmotliesst itRghans@svingel DTRMOWA addition to the transmission of the broadcast or
multicast traffic as multiple instances of unicast traffic. In this alternative embodiment,

only those client devices having a ReceiveDTIMs parameter set to false will be affected.

[0008] A client device may adjust its listen interval parameter according to predefined
15 considerations, for example a charge level of a battery to power the client device and an
expected usage model for the device. A client device may initiate a reassociation request

to inform the access point of its adjusted listen interval parameter.



nmet hods, procedures, conponents and circuits have not been described in
detail so as not to obscure the enbodi nents of the invention. [0016]
Figure 1 is an illustration of an exenplary conmuni cati ons system 100
according to enbodi nents of the invention. System 100 includes a wreless
access point 10 (AP) 102 and network gateways 104 and 106 coupled to AP
102 via wired connections 108 and 110, respgectively. Network gateways 104
and 106, w red connections 108 and 110 may all be part of a "distribution
systent for AP 102. Non-limting exanples for network gateways 104 and 106

are cabl e nodens, Asymm”i%wtf@blﬁ??%ﬁi(ﬁ%Hﬁﬁ}gﬁ% m)rmdems,

Asynchronous Transfer Mode networ kK gateways, dens, 15

Tearrier 1 (Y monethiRe BRIk TRemifh ' e RS ot it Rhy 6RG aid not
confi gurati oliméthtion ¢ &fer fi duwéd OMthe st @barhig ABWHDS, InSwhRESIKR! Bfers)s tamLa9
al so includes a desktop conputer or server 112 coupled to gateway 104 via
a wired conndgiaisrorreapontpy 7alagous @p sinitar gtenantss andwevbinbenna 116 and i s
configurable to support at |east one 20 wireless network nane, for

exanpl e, at 0846k onBlGdriviapelisstativd et fekenplaBStdmurications sgxthmy stdovding itst
of exanpl es Sfoore %ﬁ%c?d?na tllﬁ i ncl uges_ a di pol e antenna, a nonopol e ant enna,
a multilayer>oU& AHP NSRS QA S BV QRar i nverted- F antenna, a | oop antenna,
a shot ante a antenna, an ommidirectional antenna and any ot her
suitabl e antr@ﬁhg. A&F@JOQ 1y Ulystrafion et an FraipRipy seququge pEpessea fimeasyhelpful in
comuni cat i anScRYSIBIR AR disdaudless W iRligssnspabl ed | aptops 120 and 122,
wi rel ess-enabl ed cel I'phones 124 and 126 and w rel ess-enabl ed personal

digital asgj nts . £ w.rel - enahl I ops
120 and 122%9\%%& esIgI- 'é?\é%%gﬁoggﬁiﬁ%ﬁe@%fggﬁ aigég%%% pﬁﬁﬁeggcé)%&ig%atﬁl =20

PDAs 128 dncniig@imsentalflile eewioacutice an initialization process to associate
thenmselves in a wireless network with AP 102. 30 [0019] For exanpl e,

Wi rel ess-endD0E] | aiiope id AGlekdiidgdm o dredxeapiS0aRlshs chht RRRRESch A

126 and w rel ess-enabl ed PDAs 128 and 130 may becone associ at ed 5 with AP
102 over a wirErkodimeptofdradnyaionyy r el ess- enabl ed | apt ops 120 and 122,

cel | phones 124 and 126 and PDAs 128 and 130 are referred to as "client

devi ces". [0014] It will be appreciated that for simplicity and clarity of illustration, clements

shown in the figures have not necessarily been drawn to scale. For example, the

15 dimensions of some of the elements may be exaggerated relative to other elements for

clarity.



[0020] The client devices shown in Figure 1 are just an exanple and ot her
suitable «client devices and groupings of client devices are al so possible.
A non-exhaustive |list of 5 exanples for client devices includes work
stations, server conputers, notebook conputers, |aptop conputers, desktop
personal conputers (PCs), personal digital assistant (PDA) conputers,
hand-hel d computers, wireless |ocal area ndtwork (WAN) stationary units,
WLAN add-on cards, W.AN personal conputer nenory card internationa
association (PCMCIA) cards, WLAN PC cards, W.AN sw tches, W.AN routers,

WLAN , 10 game consol es, dphgt ~gj tal video caneras,
servers g %ET%@LEE;?%?S??%@%&JO

tel evision sets, wireless Internet- Proto . nes and the |ike.

21] | 1 - vices ar.e ajl . : .
802, 11+ enabi i aprche Alickie BRI e AL AR AR B delae st thin
are in accoradace movideanomughumdegfandinge ffpldodnhads of andaraaidhel Hewevd Yt

the Institute. of Electrical and El ectronic Engineers 15 (|IEEE) for
Wr el ess LANVN}AEE AdeisiRgi Je~)é1|ﬂ‘1qsay%fr opdmpayy skpbeén fihe atti bt thesembadingents of the

i sh i . . 0 a 1999
54 Mope 5. b ey g e BRE: BEEGHAGH R et loreBE oBliP R Suthy PlpeRp Sttt
However, it méthbdderabditesisconponbos andfcironith eweyhos biedd déseribb®irmddtait ewat aot

nodi fy the faollow for .other existing WAN standards or future rel ated
standards, iR& Wﬁg‘%@%@%ﬂ? ?0’?@62‘?‘1@1’ 1999 edition of the 802.11

standard (a eaf firmed June 12, 2003) 20 distinguishes between
i nfrastruct flPélﬁ%\LAN@&lHa hos hist INNSAREOn Tofe aR ofieawlaTy CABERICAio1SN systenh oF00

infrastruct %E@Qru\lrél\!%’enﬁ%\ﬂ%é’ﬂt@gf ihenvegi §fs?e§§%08 %(?15&;63 4\9/91‘%1%]55 glrchc%ss8p9021ﬁt1 1
standard expl ai ns“that access points transm eacon frames a
subst ant 181 [(pPp R kad netiveek peewads! Mandrnifounaged heAEXIOSteneeredoandtibns 108

beacon 1 andi 900 orpr TSNt SFEHEF RatFVS: 11678 s Do 8L PHEEIPaI 108 sPHel 10
802 11 standard T benson’ rhekon SRENKR M0 ATaPNaaERE cx TR} Forp ek
gateways 104 and 106 are cable modems, Asymmetric Digital Subscriber Line (ADSL)

modems, Asynchronous Transfer Mode (ATM) network gateways, dial-up modems,

15 satellite modems, Integrated Services Digital Network (ISDN) gateways, T-carrier 1 (T1)

modems, and the like. It is obvious that any other configuration of a distribution system

for AP 102 is possible. System 100 also includes a desktop computer or server 112

coupled to gateway 104 via a wired connection 114.

[0017] AP 102 has at Jeast one antenna 116 and is configurable to support at least one
20 wireless network name, for example, at least one service set identifier (SSID). A non-
exhaustive list of examples for antenna 116 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

mclude a roufer.

25 [0018] Exemplary communications system 100 includes wireless-enabled laptops 120
and 122, wireless-enabled cellphones 124 and 126 and wireless-enabled personal digital
assistants (PDAs) 128 and 130. Each of wireless-enabled laptops 120 and 122, wireless-
enabled cellphones 124 and 126 and wireless-enabled PDAs 128 and 130 is able to execute

an initialization process to associate themselves in a wireless network with AP 102.

30 [0019] For example, wireless-enabled laptops 120 and 122, wireless-enabled
cellphones 124 and 126 and wireless-enabled PDAs 128 and 130 may become associated



6 [0024] Each beacon frane also includes a tinmestanp which is the val ue of
a clock internal to the access point at the actual transm ssion tine of

t he beacon. Due to use of <carrier sense nultiple access/collision
detection (CSMA/ CD) techniques, the actual transmssion tinme nmay be |ater
than the target beacon transm ssion tinme. Consequently, 5 the tinestanp
field of the beacon frame is not filled ungil the actual transm ssion
occurs. A client device receiving the beacon frane will update its

internal clo aggorgding. to th timesta rece dbeaco fra
[0025] Each %ﬁ%c‘gg ftd} ngra? s%lrgﬁscsl B‘&%"?ﬂéﬁﬁaf fv? ]&gf"ﬁa‘?“@ fefl olapiomp ?I Mﬁﬁat
identifies @lliphtHesdenaa®@$24 Qid MDAGH2BRLE A5G afelrfefe td 85 %@Hﬂ Ml&?d
buffered in the access point. This 10 |nfornat|on I's encoded in a parti al
virtual bitnmpaoiThe ThHoM RkSQetipLd cﬁ?t?j
mul ti cast t?lgffl}c IS Sendllnge 1[ 00%%]%% er gér gad% |amere 5# g‘g%‘é‘%a%tfi M
and del i ver ycliEni¢vDESs Myxd gﬂofﬂnltgs ofmiiaudésvrees"d'r)a' Mo gsible. fAellod-eB(haIstive list of
ncl u the current frame) appear

i ndi cat es how ma fb a}co r.anes (ll
before th né(f?tnp% R’ © ﬁngeﬁ‘ﬂffeédﬁﬂt desFwor rS(t)a O SEEICE SOPRYErS: Rate ‘BOI%WIB%?IS
TIM DTl . d. t

is a 1Mo @ mphafce ﬁk!o erbdi@h Qoh%%e?f‘tl\(fése)“ % dsréﬁgbgl{g’{/?if Ay pert'PBIAf)M

interval s between successive Me. Ever
is transmi tocEpuids, Htand-éwbiea@onutersamhmiess Haen! aanczonetivoale Y WILAN) étfatlemam uiftk M

st ng. nor el E PR EP el LA BT SamORe Hviedt g aRg Y reeassiion
frames. 20 [(EQBE@IAA @lkdsgrwiday Pceciray, Wa AN QRehef W‘I‘ﬂl@'r&tﬁt@faeWLﬂW‘%ﬁvem
states: "Awake" - the client device is fully powered; and "Doze" -

client dd¥i eamesconpapy sligit camesns digtel vidse ejavsrasnteledsisnrmets, warojess dmlernet—-
power. The m@g@ 112,}’%*1&25 atﬁé ln]g(pt device transitions between these two

power stat es Is e povver management node of the client

devi ce. f ve the c i C recei ve y

and i 5 i n 280EHL " ATERE cxblfe A% 10 aB i Ll e B b T Erietudly bl

listens to selagctied u&%&ﬁ@ﬁomﬁft@fﬁ%ﬁoﬁ@ﬂ@%e%ﬁ atré"ﬁl Qédoﬁ‘dhﬁqcéjw{ﬂlcﬁlesornxhbl%ttﬁn
I nterval " paraneter and sends "Power Save poll (PS-poll)" frames to the

access poi nth€ follogdng stondardpeietingd byhiéic plpstituieece Flechicat and Electnmié Fogvatss
buf f er ed 15'”(1%%) 8 @hikieke LQ}N m% aﬁ(!i b yswa(ti Fayer &*HY) specifications:

Standard ; Published Maximum Speed Frequency

802.11 1997 2 Mbps 2.4 GHz
§02.11a 1999 54 Mbps 5.0 GHz
802.11b 1999 11 Mbps 2.4 GHz
802.11g 2003 54 Mbps 2.4 GHz

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, including
802.11n.

[0022] The 1999 edition of the 802.11 standard (as reaffirmed June 12, 2003)
20 distinguishes between infrastructure WLANs and ad-hoc WLANs. The following

description is for infrastructure WLANS, involving the use of access points,

[0023] The 802.11 standard explains that access points fransmit beacon frames at
substantially regular time periods to announce the existence of and to synchronize wireless
networks. The number of time units between target beacon transmission times is referred
25 to as a “beacon interval”. The format of beacon frames and their contents is explained in

detail in the 802.11 standard. The beacon interval is included in each beacon frame.



[0028] In Power Save node, a client device is in the Doze state and enters
the Anake 30 state to receive sel ected beacons, to receive broadcast and
mul ti cast transm ssions follow ng certain received beacons, to transmt,
and to await responses to transmtted PS 7 poll frames or (for CF-pollable
client devices) to receive contention-free transm ssions of buffered
traffic. [0029] An access point naintains § Power Managenent status for
each currently associated client device that indicates in which Power

Managenent npgesf he ]@E{dhel%ac&?\ﬁ'aﬁl% alsy ERIGHE ra%laéfazﬂg%ﬁ&ﬁ g the%ﬁ&é‘gf chlé’&

t he Power Managenent node of the station, the acces

buffers traf lﬁlte:naiéstthme@eﬁmpomha ibkisettal n‘emmaloﬁl' hmeamfctasiaepcmnntf)ué tcanﬁam')f S
buffered unicast traffic {ﬂi? }e f device i.n P&V\BMXSave node onI%/ in
response to CAIBSSYEE| mpft tar?ﬁ?SS&P st detpriien FSMAMGRY depdniques, the actual
contention-fgg i ent n
Power Save rmdgnﬁélgg&n[ %%%6?% T?]ﬂ Igtél}?tgtg 12?11% 81fr%r \Pg%&)ngtgirﬂgﬂngésgc}lfﬁ Cfl{%&hfeﬁt}y
devi ce spetithe dmestamprisotd nfithe beasrineiramd isbeatitied umtﬂehe/aitsaltthmmmmympasﬁs A

before the client device. ana sandllste t he next acon frane.

The ol i ent dUGTEEOTRR berk i 0580 st bppdits s Riehen olorkorepaiding 1o ihe
par anet er st[méla@arﬁ@ﬁltﬁ%&!éiv%H'b@éboWﬁéﬂné he access point. The parameter may
be determ ned, for exanple, by the desired power consunption/performance

target of t r'[902351' entpdevk ;lal:r’?c{ 093 1c Hﬁél%?é?a%%% (.Fﬁ%t!}%l IPI?@ I(?%/[f&apﬁlentlﬁes

function to del ete buffere fic It "has een or
excessi ve pe?rllﬁmfddm’ﬁces|fﬂlewh‘ﬁhelmgasngaffmmstpemhng anbémﬁdredrlntthe atddsspeint. This

| nterval " net er sot buffered.traffic i dfo aperl d t hat
is at | east ’gmp%th‘?jl Hsoneg %Hﬂﬁ@lﬂ”@? Vflﬂ@?%gg@Bn tﬁ@aﬂ? Y an jipdeadipn
I nterval " payiamms 8foadfast Bﬁmﬁlﬂcﬁﬁ&rﬂﬁc‘!isﬁ%mdﬁ%r which the traff' cis
buffered. 20 [0032] The client device al so has a Bool ean par arreter

entitled "Reggigre DIhMR are t\%»' &Preteht T84 rrgﬁ&n TINE afid 'dgm' r?ef\%ﬁg*lf o rABTr[ﬂ)Ie

access point of "a change in the power agenent no
devi ce. V\hemnCtIlh@S"a?éBé“ﬂMeCtDlﬂt’Nﬁiblqomean'edleattes &otvr meny fhleaconc friamiot (ﬁheluldﬁ% the

awakens to receltv al.l beac ,fr rres t ncI g)g‘ﬁMa DTI M V\he
par anet er i $'Fdf's am‘f)h@p@f“i red EePnt PEAREK 1?36?5 By

beacon frnagmeutdat TIMSisi Hahpgles ?h@T‘U\ﬁIM perlod” field indicates the number of beacon
intervals between successive DTIMs. Every DTIM period, a TIM of type “DTIM” is
transmitted within a beacon, rather than an ordinary TIM. After a DTIM, the access point
sends out the buffered broadcast or multicast traffic using normal frame transmission rules,

before transmitting any unicast frames.

20 {0027] A client device may be in one of two different power states: “Awake” — the
client device is fully powered; and “Doze” — the client device is unable to transmit or
receive and consumes very low power. The manner in which a client device transitions
between these two power states is determined by the power management mode of the
client device. In “Active mode”, the client device may receive frames at any time and is in

25 the “Awake” state. In “Power Save mode”, the client device listens to selected beacon
frames (based upon the client device’s “Listen Interval” parameter) and sends “Power Save
poll (PS-poll)” frames to the access point if the TIM element in the most recent beacon

frame indicates buffered unicast traffic for that client device.

[0028] In Power Save mode, a client device is in the Doze state and enters the Awake
30 state to receive selected beacons, to receive broadcast and multicast transmissions

following certain received beacons, to transmit, and to await responses to transmitted PS-



[ 0033] Mbre detail about the power-nmanagenment operation of the access point
and client devices during the contention period and the contention-free
period is given in the section of the 802.11 standard entitled "Power
managenent in an infrastructure network”. [0034] The "Listen Interval™
paranmeter of a particular client device affects the 30 particular client
devi ce's power save behavi or regarding uni Gast traffic, and the "DTI M
period" of the access point and the "Receive DTl Ms" paraneter of the client

devi ces af f eggil &andeb®r gﬁng bﬁ@ﬂ’a%lé)&%‘{'d dc%z 1@ hdcefile! A Pﬁ:&)é 'ﬁ%?gr&g%rlts%ﬁns Qo

wi rel ess network regar r oadcast I'ticast tra
devi ces in abwifared tafficnet work may have conflicting requirements for power
consunption and comuni cati on throughput when in Power Save node. Moreover,

5 the need f[02PpwerAseaccey paing natthes Vo Power edartlb@bht ek Cor Badvh icngEsdse
over tinme as the bglttery drai ns, qverridi ng}écormunl cation throughput
consi der at | o#$o%yrd chentiseyice that infliciescn witle Rewereliagegenjano 8wyic tha dlisnt figvican

access poifait;.i I | nseguent.|
di fferent 5c]l 1|Se('§1t Begl %grsaﬁlﬁ% g)%héﬁggve rmdlg O\P-l; MaR% n%%ﬁ mo%% fefrﬂl tsrtuaetloy]a#ée
10 beacon f raves Ecwotedipogurity buffersstrafgt eleBil ﬂ’oenh@dhezﬁlﬂemet |'Phe &ccBt poink

manager need.t nce the conflicting requirenents for power
consunpt | on tﬁ%m&%g’ﬂﬁﬁfegéﬂ%ﬁt t3fhe Sug RpeRt dRKER 1 Roweimave sars onbei I65POBFS Ent

devices in g P*S 8li18%in ﬂ?att\éﬁ&lﬁ AT or%ﬁﬂﬁé gjrérdo'ﬁgenttlgﬁ @E'(MFP?E&&%I& e %Qse of a

access point. 037] Currently, a client I ce that

DTI Ms" par ar@lf-@ﬁllﬁé@ch@tﬂﬁuee i Bowgrdave niadePower Save node wil | avvaken
according to the DTIM period of the access point wth which it is

associ at eld i[@0Mder 'fle IlListeanintavAT|Mearnanel detecliinnalenhet Hreificd hé aﬂaxu@d@ke

to receive bro or multi t traffic. That same client device wll
al so awaken EE’(‘e ﬁgﬁacﬁﬁﬁ]i’tﬁﬂ’agseié?WﬁE@SH%Ffo?éhe ey davipn pwpkens ang disicne dey

(DLt en LarThik [akn daher mipS VLR ook e B IR 58 8P TR

uni que har dwarandeidivensg, the assoertiopvithaheredicsapoisic CHESpammetemnay b’lé\@tenmned
s R L e e g A T g R T

15 [0031] The access point has an aging function to delete buffered traffic when it has

been buffered for an excessive period of time. The aging function is based on the “Listen

Interval” parameter, so that buffered traffic is retained for a period that is at least as long as

a product of the Beacon Interval and the “Listen Interval” parameter of the client device

for which the traffic is buffered.

20 [0032] The client device also has a Boolean parameter, entitled “Receive DTIMs”,
which is set when the client device informs the access point of a change in the power
management mode of the client device. When the “Receive DTIMs” parameter is true, the
client device awakens to receive all beacon frames that include a DTIM. When the
parameter is false, the client device is not required to awaken for every beacon frame that

25 includes a DTIM.

[6033] More detail about the power-management operation of the access point and
client devices during the contention period and the contention-free period is given in the

section of the 802.11 standard entitled “Power management in an infrastructure network”.

[0034] The “Listen Interval® parameter of a particular client device affects the
30 particular client device’s power save behavior regarding unicast traffic, and the “DTIM

period” of the access point and the “Receive DTIMs” parameter of the client devices affect



access point. Alternatively, the I P address of a client device may be
statically configured. |In addition, an access point assigns an
"association identifier (AID)" to client devices 25 associated therewith
and mai ntains a mapping of AlIDs to MAC addresses. The access point
identifies those client devices for which it has buffered unicast traffic
by setting bits in the TIMs partial virt@l bitmap that correspond to the
appropriate AlDs. Mreover, the access point nmaintains an Address

Resol uti on Ppgtpel s&w%ﬂ?@ha@ﬁp lbe afi RBknCARE L gﬁ [ﬂgeogg?fég\é RGwokk te%ﬁxﬁlﬁ%rya%;t

Protocol (1P) addresses to MAC addresses. net wor
recei ve fronargimelicesttraffimet work one or nore information frames to forward
to a network device associated with a particular IP address. 9 The network

gateway ray [@98] t o Chanldewideheén MAGIraldely astsvoplt idfiehnet Mﬂiciﬂ@ﬁe@ﬁﬁrements for
associated with the partlcul ar |P address in order to include the MAC
address in tRREEriCARBIMRIGNGH f@ﬁ%&‘ll%ﬁﬁ@ntﬂ@%é}ﬁﬁﬂtNﬁ@nllﬂﬁDQWﬁhSﬁﬂ@naname@Yﬁr

t he network @Ylb&?forﬁg%er% zae%w%é@é{ cﬁ&‘g%e@m? i ARE & geﬁ

send it to the various netvvo I'nc ing access
will treat ibattety kirgagceasdritingf tammuiﬁftetzmettmulghpiﬁvb@ﬁu{e@iﬁon@| fo@nﬂledﬁéfﬂtcﬁ’?—

associated with %415 acgess poi nt) having the particular |IP address may
respond to tHPARFIBELEEES with its MAC address. [ 0040] According to an

enbodi ment of the invention, AP 102 nay handl e received broadcast or
mul ticast tri8P¥¢lc aLufang! ﬁf’plaé RHFSEamens isf allpi astore reafy iac singlee DI IR qisriod.

instance is cde Vﬁ%ﬁ{ly ntggfeite?lf cﬁerﬁ%e%%i%fﬁ-ﬂﬁ&@& Jt m)d d}%\{ﬁ 5% w3 %CI or ﬁld t%’%"g{eh

AP 102. AP 102 1cate I n e exis ence 0 each insta
i s desti néd Yeacorafrahieatcodting oe thensig e TiSAYeriodroQruredily, S hdtdogainiafizeninhdy

be repeated in z g equent Tlgs until the aging function of AP_ 102 has
caused t he iM95¢ ZnRRIEE 1he LA dadyremats for ey ICPRRIMIio € WAYITHSHED a

PS-pol | frang d@&shérﬁgﬁlpb% t i t i f,
transm ssi on o:‘jgllﬁouf fered traff r gjd% ﬂé%ﬁ:ag%g\%@r ag\gl?r%sﬁpltar‘ggel fsegetﬁorlﬁﬁ)vlleélz
will no Iong@ﬁﬁglﬁmgdh@@TIMIaermﬂld\ﬁlanhecesxpsmence of the broadcast or

multicast traffic and will no longer transmt the broadcast or nulticast
traffic fol I[@@A’i’?ﬂug aCulE’fEth zCoh&ﬁqiaem’elt}jat Habiis ‘Gudeoide BNV pdrarafbesdt @lthue

client deyic ci at Wi t 102. Alternativel AP 102 will continue

to indi Ci% e 9 1sa1 A e Cg’t £ pfeording to the D){“T[M period of the access point
with which it is associated in order to listen to DTIMs and determine whether to stay
awake to receive broadcast or multicast traffic. That same client device will also awaken
within a period determined by its “Listen Interval” parameter to listen to TIMs and

determine whether to stay awake to issue a PS-poll frame for buffered unicast traffic.

20 {0038] Bach client device has a unique hardware address, for example a medium
access control (MAC) address, and is assigned an Intemet Protocol (IP) address by a
dynamic host configuration protocol (DHCP) server, which may be embedded in the
access point. Altematively, the IP address of a client device may be statically configured.
In addition, an access point assigns an “association identifier (AID)” to client devices

25 associated therewith and maintains a mapping of AIDs to MAC addresses. The access
point identifies those client devices for which it has buffered unicast traffic by setting bits
in the TIM’s partial virtual bitmap that correspond to the appropriate AIDs. Morcover, the
access point maintains an Address Resolution Protocol (ARP) table that contains a

mapping of Internet Protocol (IP) addresses to MAC addresses.

30 [0039] A network gateway may receive from an external network one or more

information frames to forward to a network device associated with a particular IP address.



20 broadcast or nulticast traffic and to transmt the broadcast or
multicast traffic followng the DTIM in addition to the transm ssion of

t he broadcast or nulticast traffic as multiple instances of unicast
traffic. In this alternative enbodinent, only those client devices having
a "Receive DTl Ms" paraneter set to false will be affected. [0042] Figure 2
is an illustration of an exenplary sequencé® of beacon frames 25
transmtted by AP 102, according to sonme enbodi ments of the invention. Each

beacon fr angh2Q@niaiel elesad midMha@nth iésonfeOth el@ﬁ@@'
AP 102 is 3, tlhen in gejegeril}at hl}M&a beaccr)nsof ream:g3 he %’idﬁﬁsggoﬁ-ﬁ%)%éﬁf&%

For exanpl e, assagitiep vinlp the gertishiindP1&Biress dnRBAsr 1c28ncd1m:tb 1B80MYEY address in the

P S h "List | nt | f 4, 8,
rospect vel yrap i AR iS AT arkshl B BB EE5n T, o tenhorie® sviee: Tog
prior to beagawofl gli@way2Rdy g&%rét@%nm rélﬁ@Q'a%dtsEﬁd Rroadcasibul hahbhie addces,

mul tiple instances of unicast traffic, where 10 each instance is destined
for a corresiyelid inﬂgthwa%qsw@mblwlem wilé iteetalt as brseilease thaffict Hl“h&Fnet\&@k deSlcmdel

| apt op 120 o) 4ar Active np 02 wi.ll, tran

r equest 201%‘%1’1":?8%%% E[%%(")"J[and tﬁ%&ﬁ%esié’fl%gef’faa}% ﬁ? B‘%‘g‘lﬂﬁﬁ éﬁ ref@zmay
wi |l buffer RRRndreduesRP20ductokiteasMAEC sibesg! i ent devices in Power Save
node. 5 [0045] AP 102 will then include in TIM of subsequent beacon franes

i ndi cati ons [ﬁb@]t hi spkutdigs o6 dh%&o?ﬁhéntd@ft fhe lﬁ%ntr%&ﬁaﬁiﬂit 02 ARy A ﬂehewed

include in the TIMof beacon franme 202 indications t uni cast data I's
buf f ered f orbrPegsedpr npdticase Frﬁﬁ'mémllﬂﬁleanﬁamf umzsstamdﬁClMerd_caaph OpstdR2 is

oy dont 1y PRI R oTRRTRS L Pl oty Yoblop. 2Ba08 sl e o

204 to AP 102TiM thespiisee ofRadld Znstaie s deansd for ARRicheasasd ir?PdwkP Save
| apt op 122. W%346] AP 102 w |l then include in the TIM of beacon frame 206
i ndi cati ons ¥ Thjn indigation avifl hegreprptedainagbsasiente] IMhend thoeing dnpbar Oiﬁg’

and 130. PDAgb3{ Wse@"ﬁ@éé%{gltafuté ?cﬂb%:) 8%51‘(1&9&6 u dt%e cﬂellbtucf #/Fc@ h&? 1stsHed:1 TlP%" poé]n d

beacon franme 206, may i uni cast ta i'S ere

a PS-pol | f ricamee 208ag chﬂedQBe limstares [ores eontéRichoRedraynsidibsibhen burRranirifHARP
request 2@1 t.o PDA 130. [0047] AP 102 will then include in the TI M of
beacon frameCuFyer ofes fsty 216 and

[0041] AP 102 will no longer indicate in a DTIM the existence of the broadcast or
multicast traffic and will no longer transmit the broadcast or multicast traffic following a
DTIM. Consequently, this embodiment will affect all client devices associated with AP
102.  Alternatively, AP 102 will continue to indicate in a DTIM the existence of the
20 broadcast or mulficast traffic and to transmit the broadeast or multicast traffic following
the DTIM, in addition to the {ransmission of the broadcast or multicast traffic as multiple
instances of unicast traffic. In this alternative embodiment, only those client devices

having a “Receive DTIMs” parameter set to false will be affected.

[0042] Figure 2 is an illustration of an exemplary sequence of beacon frames

25 transmitted by AP 102, according to some embodiments of the invention. Each beacon
frame 200 includes a TIM, and if, for example, the DTIM period of AP 102 is 3, then in
every third beacon frame, the TIM is a DTIM.

[0043] For example, laptop 122, cellphone 126 and PDAs 128 and 130 may be in

Power Save mode, with “Listen Interval” parameters of 4, 8, 8 and 6, respectively.

30 [0044] For example, if AP 102 receives an ARP request 201 prior to beacon frame

202, AP 102 will handle the broadcast traffic as multiple instances of unicast traffic, where



218 indications that unicast data is buffered for cell phone 126 and PDA
128. Cel |l phone 126 and PDA 128 may awaken from Power Save node to |isten
to the TIMof beacon frame 218, may identify that unicast data is
buffered, and may send PS-poll frames 220 20 and 222, respectively, to AP
102 in response. AP 102 may then transmt ARP request 201 to cellphone
126, followed by a transm ssion of ARP regl{est 201 to PDA 128. [0048]
Figure 3 is a block diagram of an exenplary access point, according to sone
enbodi ment s @fcht 1h§taﬂ1d&vi§rﬁe'sﬁrﬁbd foF algcﬁ'résﬁ&lldﬂqg%lﬁétle L @ais @é\ﬁc@ﬁgsg&%d]\%h
coupled to a radio 302, which in turn is coup éto a processor 304 having
baseband f unti3. obisicé ia}btopAIZZBarr@ﬁllekbmkM e 1h|Asmvefmcmeamﬂ B Wil upnsnoe R

304 includes_a ¢ amcr ol Ler i.tal
signal pr oceSedF ?@Jg% laBé) @g: Hﬂ%anedggpaéﬁo%?s Pess t‘g) o “ﬂg g‘
conpl ex i nsticyedst 2M &R ladlOHMUE @ﬁer{t@b\%@s A wlch8avd KBde Fur t her nore,

processor 304 may be part of an application specific int egrat ed circuit

(AssH) . 50" TR8ET, © a0 Y2 AR BRgE h MRS S A SR Miltions of
coupled to athw lmﬁﬂaredwémm:nsk’ daat r dbt exarﬁﬂs APhH)MIédmiedw KesTIMmY Hegcon
(UsB) P ot G TS ctte! Gt bt RGiIon 655, ool pieme 13048 SE0MS
and | EEE 13948 sgiqasar Q§ptﬁﬁqmﬂﬁg a%@@é’ﬂnfréﬁl P& LWV e%l))de 8 1is@AMo . the JIM of

conbi nation thereof. Wred network interface 306 1s a to use wr
connect i ons beagy fagide 24D &y [deusy]thaRadicest302 arffredcasbony 304 aBy-pbl fpand

f th d Ci ' d ¢

i art o0 PR SEI TR, RE A0TSR Rk O REV S5 Ay Wi o

th t t d t t t ted t 0051] AP
102 2150 i ndPUs o AertGry sthen dRTIERE i d i SEASIEH Rk B0 B SR Ebrifaiap

102. Menory u%ﬂe@str@ayza Q%Lﬁ‘% 6l cEHIRH G925 pil PR P8 ARL tHo/ Fﬁt@@f%e@ O§ Rwaken

processor 10 304. A non-exhaustive list of exanples for nenor

i ncl udes anyfr%lbﬁanlaSt’i‘@rm@ﬁe toHlesterf tolthoWlvigf ba;tcoslemam@a@mcn@nddmvﬁyctw usiinakt

as register l.atc d onl B{E]\/l el ectrical

erasabl e pr?&traamt?a reﬁr e%cgmgxl X%W@hgé?’%g G 1 111 Iesponse. AR may
15 then transmit ARP request 201 to PDA 130.

[0047] AP 102 will then include in the TIMSs of beacon frames 210, 212, 214, 216 and
218 indications that unicast data is buffered for cellphone 126 and PDA 128. Cellphone
126 and PDA 128 may awaken from Power Save mode to listen to the TIM of beacon
frame 218, may identify that unicast data is buffered, and may send PS-poll frames 220

20 and 222, respectively, to AP 102 in response. AP 102 may then transmit ARP request 201
to cellphone 126, followed by a transmission of ARP request 201 to PDA 128.

[6048] Figure 3 is a block diagram of an exemplary access point, according to some
embodiments of the invention. AP 102 includes at least one antenna 116 coupled to a
radio 302, which in turn is coupled to a processor 304 having baseband functionality. A
25 mnon-exhaustive list of examples for processor 304 includes a central processing unit
(CPU), a microcontroller, a digital signal processor (DSP), a reduced instruction set
computer (RISC), a complex instruction set computer (CISC) and the like. Furthermore,
processor 304 may be part of an application specific integrated circuit (ASIC) or may be a

part of an application specific standard product (ASSP).

30 [0049] AP 102 also includes a wired network interface 306 coupled to a wired

network controller 308. The wired network(s) may be, for example, Ethernet network(s),



(EEPROV), flash nenory devices, non-volatile random access nenory devi ces
15 (NVRAM, synchronous dynam ¢ random access nenory (SDRAM devi ces,
RAMBUS dynam ¢ random access nenory (RDRAM devices, double data rate
(DDR) nenory devices, static random access nenory (SRAM, universal seri al
bus (USB) renovable nenory, and the |like; b) optical devices, such as
conpact disk read only nenory (CD ROM, anpl 20 the |like; and c) nmagnetic
devi ces, such as a hard disk, a floppy disk, a nagnetic tape, and the

i ke. [0052] (oRe®§RES AWnidOdanOiaMERS dtUREH RS d%ﬂ%&rﬂ &gi%gwh?mg%q%b&ﬂ

: tsg%c
by signals 311 to coordinate their actrvities, tor exanple“access
menory 310. PS5 GOBB13 8472000, 300 IRk 1394t samdupdi @omndhdy biowwWAS Jicivéssysopf

client devices associated wi.th AP 102 to.respective | P addresses, and .
mappi ngs 314%6F° Ran il el SV e, PSR IR U G I oS ) APTRSORS
respective AddSndAligernatively, any or all of these mappings nmay be stored
internally in processor 304. For exanple, cellphone 126 may have AID = 1,

PDA 130 Al By m: 2, = apt op. 122 .30 have
AD = 4, oo 8r8c s aor el BN g 35 ASBMREY G B iy TEo g
12 [0054] Mepwomic Biratey catsics. i Svhilkds, ardvebdor r3iodgarglywiremnddibrk Qostréll@ 308
incomng traffi destg ned for client devices. For exanple, data 320 of

i nconi ng trdpﬂﬁe PRl Olbe SR Sitestpled eyt BURSEPITAG inlpstatat oTeBltunder contr ol
signals 322 of wired network controller 308. [0055] Buffering system 318

al ready i ncl8®Y puf4Rde2 elsodrcdndes gnnemey X1amhich ropy be Hred indretmerablelfoice
basis. [00564{plipy0 i Al i1l si cQ t he recei ved

br oadcast or}l‘P rlnq%t irﬂ%%{s?@t?jrji gﬁl ?%b%gg)?éggboﬁli‘og?sgoggb%gk 8-}(;1%/ § ﬁjé%@ | Eprocessor
devi ces vitti darle nbo-exkasiive listhel dxaaildsdfor n{e@dpy 10 moknik hey cembpdiis® bt theAP
102 may mai r}lﬁl n.lists for each associated client device (Indexed, for
exanmpl e, by 'PHEVRED). AP 102 mmy allocate a buffer upon receipt of 10
broadcast or nulticast data and may_ include a pointer to the allocated

buf fer (or any other uipprslupienidexicedsuelt ashegiidraclatabds, biehd emily imerpry

list for each cliRehfleyiskRAN, g@%fcal%%’r%sable programmable read only memory devices

(EFEPROM), flash memory devices, non-volatile random access memory devices
15 (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;

b} optical devices, such as compact disk read only memory (CD ROM), and
20 the like; and

¢) magnetic devices, such as a hard disk, a floppy disk, a magnetic tape, and
the like.

[0052] Processor 304 and wired network controller 308 may be coupled by signals

311 to coordinate their activities, for example access to memory 310.

25 [0053] Memory 310 may store mappings 312 of MAC addresses of client devices
associated with AP 102 to respective IP addresses, and mappings 314 of MAC addresses of
client devices associated with AP 102 to respective AIDs. Alternatively, any or all of these
mappings may be stored internally in processor 304, For example, cellphone 126 may
have AID = 1, PDA 130 may have AID = 2, PDA 128 may have AID = 3, laptop 122 may

30 have AID = 4, cellphone 124 may have AID = 5, and laptop 120 may have AID = 6.



node that is destined to receive the data. Each such allocated buffer is
associated with a counter that is set to the total nunber of client
devices in Power Save npde that are destined to receive the broadcast or
mul ticast data. Each tine the buffered data is sent to 15 one of the client
devices, the counter is decremented. Once the counter is zero, AP 102 is
free to deall ocate the allocated buffer anfl di scard the buffered data.

[ 0058] For exanple, as AP 102 receives ARP request 201 prior to beacon
frame 202 ( e 2 I r

b0 AP 102 [O0SHES, ety SRR OGS £RHES! APy B B Sp b Thod il i
whi ch is thedestned fomehiber devices! Fentxapldedite 830 b icomigg trmfﬁrceﬂa)l' be tr@neﬁ'@\ﬂ@d

Save node. AP.102 wil| de.a pointer to buffer A (or any other

oul tabl e § nde éﬂéﬂ?‘i%angastmﬁﬂépn%r CBRrEhseenal 2 igpirod st orkzono rchOF
(correspondi n to ceII one 126, PDA 130, PDA 128 and | aptop 122,

respecti vel y of Bu WY&W@ 318 Hewdy isdudes riwdieys to[s00B ShicaridmiPon aPdras
transmttegd élﬁgfﬁ 85ki201 to laptop 122 (following the 25 PS-poll frane

sent by laptop 1 2 In response to beacon frame 202), the pointer to buffer
IS renov omthellstfrAID d counter 324 |s decrepented by 1.
[0060] mcee[ﬁp’gélloz n8s°%% SHY ]tni’@& ﬁéP %qu@sﬁmﬂgi oBY PBA %@V?%?W%g
the PS- pol Imfitiasee t:a & tole Ridferd 3Pedch OE%%QQ%ﬁdév‘?ce@%ﬁQﬂmE kAR RO Pe trifRE.
pointer to buffer Ais renoved fromthe list for Al D 2, and counter 324 is

decr enent ed Z[biwl] 30n (206} m@lﬂ&ﬁm%ﬁt Jz&’ﬁ 1085y ARRR hﬁf%ﬁ f%ﬁ'é’a he%ggaﬁteé%ehp

cel | phone 126 (follow ng the PS-poll frame ent
response to dﬁe@é(ﬁmdﬁx%éom@mp@adbyttbe PDR).129 1R m@ff elld)cem aguffbeuRS-pedipt of
on frane 218), the ter

frame se A128| t o .bea

buf f er Ariltos%%%rm%%d’) rf’?%ﬁ%ﬁsﬁggﬁlagﬁyy&m ﬁ‘bafoﬁﬁﬁrt@t gﬁ@@%@ﬁ?@rg%@qysother
decr enent ed shiyaile GO FPHRE BisFQIcdINATRPM MamdH forldien 51%;@'&5@;% B P@«Q&aﬁvéﬂ
mul ticast traffic as 5 nultiple instances of unicast traffic, where each

of the inst &dsdhpisis dlestinaddy reesiveathe ot eBpdintlichgllniated bulercik iassvciatmhivigh a
associ at ed , C f ste 3 hr ou dat
signal s 330\@2&@6@(@%’% ?%lsetbi’o ﬁ%l §)§%3rggn lfgcfg%ji géiuYé mgoge’bts%?( “gji%ﬁgtﬁﬁﬁ?%ﬁ
an exenpl ar yleglineénd rd:eWeCtthe bagdossdiongnilcas0®a. Each time the buffered data is sent to
15 one of the client devices, the counter is decremented. Once the counter is zero, AP 102 is

free to deallocate the allocated buffer and discard the buffered data.

[0058] For example, as AP 102 receives ARP request 201 prior to beacon frame 202
(Figure 2), AP 102 may allocate buffer A to store ARP request 201. AP 102 may sct a
counter 324 associated with buffer A to the value 4, which is the total number of client
20 devices that are currently in Power Save mode. AP 102 will include a pointer to buffer A
(or any other suitable indication of buffer A) in the lists for AID 1, 2, 3 and 4
(corresponding to cellphone 126, PDA 130, PDA 128 and laptop 122, respectively, all of

which are in Power Save mode).

[0059] Once AP 102 has transmitted ARP request 201 to laptop 122 (following the
25 PS-poll frame sent by laptop 122 in response to beacon frame 202), the pointer to buffer A

is removed from the list for AID 4, and counter 324 is decremented by 1.

[0060] Once AP 102 has transmitted ARP request 201 to PDA 130 (following the PS-
poll frame sent by PDA 130 in response to beacon frame 206), the pointer to buffer A is

removed from the list for AID 2, and counter 324 is decremented by 1.

30 [0061] Once AP 102 has transmitted ARP request 201 to cellphone 126 (following the
PS-poll frame sent by cellphone 126 in response to beacon frame 218) and to PDA 128



enbodi nents of the invention. A wireless client device 400 includes at

| east one antenna 10 401 coupled to a radio 402, which in turn is coupled
to a processor 404 having baseband functionality. A non-exhaustive |ist of
exanpl es for processor 404 includes a central processing unit (CPU), a
digital signal processor (DSP), a reduced instruction set conmputer (RISC
a conplex instruction set conputer (CISC) Bhd the |ike. Furthernore,
processor 404 may be part of an application specific integrated circuit

(ASIC) or - thO L.L,C@t, iy O ific standar rod
(ASSP) . “Radi 5 B0STERA. SoRUlBal, GhP H PR T R Gisbbfi SRR AR 20y e
circuit in gepaeate Huffeegk dt edmoved dios thd MRBATor CAITRNt 2l A GRJ4QANBI ST is

i ncl udes a nory 410, ich may be fixed in or renovable fromclient
devi ce 400. n%ﬁ%?/%?t 1@’7\rlrvgy be coupled to processor 404 or partly enbedded

in processor 404. A non-exhaustive |ist of exanples for nmenory 410 includes
20 any conbilf893lon dirogasaort 804 gurndrandlp Hwnieseivedchroadedelv ot esulsioat tasffic as

regi sters,c | :NEes Iy F Ve ( , sk . electricall.
erasabl e psr o@élgﬁﬁaEqsiﬁggsag)@o%qlgﬁﬂg%ggf ngqecgg& PE%%“@F%@%%@ yfor a
devi ces, nomomelmiting HrarteM cliette devio® MRsasiAey heaS AP NRAY . acBBGR PifGithg
dynam ¢ random access neno devi ces, 25 RAMBUS dynam c random

ry ( SDRAM )
access nmemorySPRERANIYEN dafe signgls 330 @nd gonirelaigals3BBR) nenory devi ces,
static random access nenory (SRAM, universal serial bus (USB) renovable
nenory, and [PHB11 i k&Figwy doista Watk degiaves! as gsbmplricdinpadevids, siccordang tordoyne

menory (CD BROMLu; he .| j ke: a 30, ¢ netic Vi ces, ch as a hard
di sk, a floppy 8}@%98 3} Hn%gllﬁlé%gﬁgnt aq%g,neé\eﬁ)ﬁ CH‘?’ﬁe elvicﬁeélgsillf u(?%@ggﬁasb?%ec@gt%}a
404 may décdss cdapiad 36 arredioi402nemhyinddeh shiapRE Wat@osdsaalos 13t Biidband
control signals 432. Menory 410 may store an Indication of its "Listen

Interval "  pEREREHEY. feRdkgchergivealistselopramaplge feuprocerspi 466 dadludes aaenisal
the "Listenplntasyalni f Bl o “ L e s paraneter _may b

conf i gur abl g by éi gasnelr ((%?J)é‘ Iqsfé%al 3%?%%90&%%%6@@)’ J%%Lwd iRSEICHOf set C%pu%er

(RISC), a complex instruction set computer (CISC) and the like. Furthermore, processor

404 may be part of an application specific integrated circuit (ASIC) or may be a part of an

15 application specific standard product (ASSP). Radio 402 and processor 404 may be part of

the same integrated circuit in separate integrated circuits.

[0064] Client device 400 also includes a memory 410, which may be fixed in or
removable from client device 400. Memory 410 may be coupled to processor 404 or partly
embedded in processor 404. A non-exhaustive list of examples for memory 410 includes

20 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,

25 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;

b) optical devices, such as compact disk read only memory (CD ROM), and
the like; and

30 ¢) magnetic devices, such as a hard disk, a floppy disk, a magnetic tape, and
the like.



[ 0066] Processor 404 nmay adjust the "Listen Interval" paraneter according
to predefined considerations. A non-exhaustive |list of exanples for such
considerations includes: a) a charge level of a battery 420 to power the
client device (for exanple, 10 increasing the preferred DTIM period as the
charge |l evel drops): b) an expected usage nodel for the client device; and
c) network paraneters (for exanple, does the gateway renenber the IP
address - MAC address mapping after receiving a response to an ARP

request?).  [0d@sy] P!él%@s%&oafo_él"ﬁéy HBYsd @ik :sﬁ}ﬁaﬁékaﬁgyflqu@%g?%&[ﬁ%ﬁ %q

declare this adjusted 15 "Listen Interva

a client devinsecestod sigrels' K6k e Men®@y| ML mparstoretaar intlizafod 6 itst Hesten fAnteongt
Save node, the client device will not e up for DIl Ms accqgrding tq the .
OTI M per od. PEyBFeta MAStAER e sfols anfetairivg Saithvhs 156 Ao Ser (et 4y
the product @rathé®r.” thetighten [MELLY A araRiEr fb b@%@%ﬁ@ﬁ%@& ?)g\éeﬂser o clleBfdevic

client device has a "Listen Interval"” paraneter 2 greater than the
DTI M peri ot ¥40-AP 102, then in this enbodiment of the invention, the
client device will increase its power-saving potential while retaining the
ability to [0éed ve hnoaswadts amdy nadjtstcamt “Lisadf igerviN paianct@asecording to
power - savi n%gggtfenai al i,s i.n caonparison to a client device having its
"Recei ve DTINEICHTSH £oneideraions. ¢ o Telsxamutivadist of exaawlssi for eychyi Rsiderations
access poi ntin¢lhads: buf fers broadcast or nulticast traffic for clients in 25
Power Save node, indicates the existence of the buffered broadcast or

mul ticast traffic in ay OH t 1 fered  broadcast. or
nmul ticast traffic foll 3v% ngpgeﬁgg%ﬁﬁ]g%%ﬁ# %Q? © gg&? ﬁ%td%gﬁg?vewet Lfgr example,
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[0069] In order to make use of sone enbodi nents of the invention, a client

device 30 may recogniyenikpdctainusagersdelnl He clichtiatieCind he device is
associ at ed handl es received broadcast and nulticast traffic as multiple

i nstances of unicast toafehigk yhan&ethgol @ﬁérﬁ?l%?ﬁoééthea%ﬁegﬁstrérﬂ&ﬂbéro{he P
corresponding wirel ess client devices associated wth the access pol nt.

The client devi c@dfigys sMAC pddrerapappiog Bttiveteipap ametpensd © dahBE revhest?).

entering Power
[0067] Processor 404 may initiate a reassociation request to declare this adjusted

15 “Listen Interval” parameter to AP 102,

[0068] If a client device sets its “Receive DTIMs” parameter to False, then in Power
Save mode, the client device will not wake up for DTIMs according to the DTIM period,
yet will awaken to listen to TIMs within a period defined by the product of its “Listen
Interval” and the beacon interval. If the client device has a “Listen Interval” parameter
20 that is greater than the DTIM period of AP 102, then in this embodiment of the invention,
the client device will increase its power-saving potential while retaining the ability to
receive broadcast and multicast traffic. This increase in power-saving potential is in
comparison to a client device having its “Receive DTIMs” parameter set to True and that is
associated with an access point that buffers broadcast or multicast traffic for clients in
25 Power Save mode, indicates the existence of the buffered broadcast or multicast traffic in a
DTIM and transmits the buffered broadcast or multicast traffic following the DTIM and
that does not handle the broadcast or multicast traffic as multiple instances of unicast

traffic.

[0069] In order to make use of some embodiments of the invention, a client device
30 may recognize that an access point with which the device is associated handles received

broadcast and multicast traffic as multiple instances of unicast traffic, where the instances



Save node. [0070] The client device may configured nmanual ly or
automatically to use this 5 behavior. For exanple, manual configuration
may be achi eved through an option screen or configuration file of the
client device or the |like. Automatic configuration nmay be achieved by
pushi ng the appropriate configuration to the client device, for exanple, by
over-the-air policy managenent or by connekiing the client device to a
conputer and |oading the configuration information via the connection.

Aut Ot i ¢ COmEidbifimld R dTRsRIMALD: BERICRY EHlokNONED (COTMMN GAhI AR D JlE.
access point. For exanple, the client device cou FWart for an 3be
sent either &ke aligideust massade ‘Recase DHMEdmashctoese, whanehttenPower
configure iti "Recei ve DTI Ms" paraneter appropriately on the assunption
that the ac aé@én?) int wll continue to transmt broadcast traffic in the
same nmanner. IJ? anot her _exanpl e, the access point could send a particular
flag in one BP7®he db¥niclig fevdsreanayo configiied carmalliaar retomatienllis te disputhsue
this broa a8 ' . . | e, the client
dovi co. cotl & auery The anple elRinaka e nBRE doHier G RD BroisPfailE or
and mul ti castontigafafibe . filp 007 e didnhalegivet e tirubkect ArRbigic bagidesidon may be
described in }lang(?gge s}tl).eci ic to .structural features and/or

met hodol ogi ESMCEEY OF RUShing the apropHefierwnbguratipa o ihe ciemjdericemiarn eempdg by
defined in ther j i t Ly, L.t ed:to, t he .fic
Foat ures or ey oeaaopenpesPaTrch 18 REFORRRERE tle bl icelto, I %oRRE, 4
descri bed abeidngihe whglrotenindermativamid thefconnmtioh. Anpiresnddnfigutaien etaai e

16 d ai ns; . t hod of handling recei ved broadcast or lticast traffic
in an accr@ssf1 %%18?\?1&](“1 ?Om?lﬁglcf‘f‘é?rﬁg’dt%c@ﬁﬁc%g?rPé’.mth | PR d8f whgnt device
broadcast oot #hi€ &St arf ARf io%@&llméltﬁérgeisea AR RANERS R or 44N BRANcAT ﬁfefsé-age,

where each of said instances is destined for a corresponding wreless

client devi égdthgpconfizpre itp fReacke; DIFN(s” p3omeAdOippegsiatiinoe dhevasdungsiod that

access poi . {102) O-W\?med' - | J spl d_broadcast gr nulticast traffic
as mil tiple It ands It w1 AN fr%ml%roagcasﬁra i2'in He shte minher. In another
example, the access point could send a particular flag in one of the downlink frames to

15 indicate that it intends to pursue this broadcast-free connection mode. In yet another

example, the client device could query the access point regarding its handling of broadcast

and multicast traffic.

[0071] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject matter
20 defined in the appended claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts described above are disclosed as

example forms of implementing the claims



uni cast traffic conprises: retaining any of said instances that is destined
for a wireless client device (120, 122, 124, 126, 128, 130, 400) in power
save node for a period that is at |east as long as a product of a beacon
interval of said access point (102) and a listen interval paraneter of
said wireless client device (120, 122, 124, 126, 128, 130, 400) in power
save node. 2. The nethod of claim1, whgrein handling said broadcast or

mul ticast traffic as nultiple instances of unicast traffic conprises:
|nd|cat|&g1%£ a traffic indication map the exi stence of each instance that
is destined for a wireless client device (120, 122, 124, 126, 128, 130,
400) in power save node. 3. The nethod of claim2, wherein handling said

br oadcasf or M&h&@éﬁha&ﬁ@ﬁ%}&eﬁ% b%d&z{spérerphﬂ%gsem%?ﬁcf 1f0nf anL%\Q: %s%iaé{n& gﬂb Ic

further conprises: not I'Very tra

nmessage that thaincbtirdomegaistingor nultlcast traffic has been received, even
if one or nore of thﬁ w reless client devjces 120, 122, 124, 126, 128,
130, 400) associ at&dling Feceiye @@é@%ﬁéowwam@ fic psmpliiplgigiercesafe mode.

4. An access ppidt tra(fﬁga)/h@rg R St éa&‘& i Qtaﬁ’ée@ (f§§e°s hed ﬁ)@%)coﬁgé nbif 2«?1?&!33@

recei ved broadcast or multicast traf |c as t|p e inst ces uni cast
traffic, wherdicobddviasf(13@ild2] hxt, dA6ekR8 $3@d90) medcifited wath sast aceegqodiing

wireless clie é device (120, 122, 124, 126, 128, 130, 400) associated 17
wi th said acc %’point (102), wherein said access point (102) is arranged

to retain any of Svﬁliléﬂelh'h%h@ﬂ%esi}d mhdcdsﬁorqﬁ@hbﬁg@@kaffmasqnmb%l iB§i8ndek bent
devi ce (120 122, 124, 126 28 400) in power save nhode for a period

that is at éH%Qanaféafﬁéﬁ@ma@S% product of a beacon interval and a listen

i nt erval paramet e i I 120, ;122 2 1 128,
130, 400) in pomé?tggh?aa gg‘f“séﬁ Eﬁ%h% ah%g escga(g nccd ﬁog ?)163818 h%rl']téf }ﬁcﬁ,%fizo’
further arrargedi14 126di2gat 30, 400 pintgoafek k@vel rﬂ&ldit@'t b(pﬁnod that is at least as long

as a product of a beacon interval of said access point (102) and a listen interval

parameter of said wireless client device (120, 122, 124, 126, 128, 130, 400) in power

save mode.

2. The method of claim 1, wherein handling said broadcast or multicast traffic as
multiple instances of unicast traffic comprises:
indicating in a traffic indication map the existence of each instance that is
destined for a wireless client device (120, 122, 124, 126, 128, 130, 400) in power save

mode.

3. The method of claim 2, wherein handling said broadcast or multicast traffic as
multiple instances of unicast traffic further comprises:
not indicating in any delivery traffic indication message that said broadcast or
multicast traffic has been received, even if one or more of the wireless client devices
(120, 122, 124, 126, 128, 130, 400) associated with said access point (102) is in

power save mode.

4. An access point (102) comprising:
a processor (304) able to handle received broadcast or multicast traffic as
muitiple instances of unicast traffic, where each of said instances is destined for a

corresponding wireless client device (120, 122, 124, 126, 128, 130, 400) associated



map the exi stence of each instance that is destined for a wireless client
device (120, 122, 124, 126, 128, 130, 400) in power save node. 6. The
access point (102) of claim4 or claimb5, further arranged to not indicate
in any delivery traffic indication nessage that said broadcast or

mul ticast traffic has been received, even if one or nore of the wireless
client devices (120, 122, 124, 126, 128,; 130, 400) associated with said
access point (102) is in power save node. 7. The access point (102) of any
one of cl ai new#hkgidGcceshpsiat (108§i d access point (102) wuses an | EEE 802. 11
wi rel ess | ocal area netmogg standard. 8. A wirel ess comunications sKsten1
(100) conprising t HBTEdcE 3%B$Srﬂ01f(‘ib%) ipprrggpd &9 retaip gnyef spid wstanggsdhaf

| east one w r1‘§|d@§tﬁle§|fbxeamvlrgl%¥§ Qfent 48Qee ﬂl%g 1252494 538, 12830 ]4%@%)1‘}13@%

machi ne readabl e medi um conpri sing conpuf er cdde ‘nmeahs éxecuta
processor (30&ye ofodt er amparesishgos mttIe@sl@Q}ongfas arpyocmfct of abemod irtterval efndra

| npl ementi ng IESrt]Eg’l inter rvatf paraomfete%rg)%sgx]:i u%lre?ess chent dev1ce (120, 122, 124, 126, 128, 130,

400) in power save mode.

5. The access point (102) of claim 4, further arranged to indicate in a traffic indication
map the existence of each instance that is destined for a wireless client device (120,

122, 124, 126, 128, 130, 400) in power save mode.

6. The access point (102) of claim 4 or claim 5, further arranged to not indicate in any
delivery traffic indication message that said broadcast or multicast traffic has been
received, even if one or more of the wireless client devices (120, 122, 124, 126, 128,

130, 400) associated with said access point (102) is in power save mode.

7. The access point (102) of any one of claims 4 to 6, wherein said access point (102)

uses an IEEE 802.11 wireless local area network standard.

8. A wireless communications system (100) comprising the access point (102) of any of
claims 4 to 7 and at least one wireless client device (120, 122, 124, 126, 128, 130,400).

0. A machine readable medium comprising computer code means executable on a
processor (304) of the access point (102) of any of claims 4 to 7 for implementing the

method of any of claims | to 3.



