1 APPARATUS AND METHODS FOR DELI VERY TRAFFI C | NDI CATI ON MESSACE (DTIM
PERI ODS I N A W RELESS NETWORK [ 0001] The invention generally relates to
wirel ess networks. In particular, enbodinents of the invention relate to
power saving for one or nore client devices in a 5 wreless network.
[0002] A wireless access point (AP) isja device that "connects" wreless
devices together to create a wreless network. The wirel ess devices, also
known as "client devices", communicate with each other or wth other

net wor ks thro A%g ﬁN{IﬂQ&%I ' j be
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povered, [gogli]at OtHRElinehiiBS FRYrlI§C ed1Ns PRVE irdlER Maaikotd er Ml pRRMN&e. such
as a power outlet. Qther client devices, such as a desktop conputer, nay

recei ve panwdimenshohiic inyansionatlaedamemer saihe &y anepwwesre glientaleyicenth amy not
have t Yo) e battery- 15 powered. [0004] It may be beneficial to
enhancléet‘ﬁlgélgsgt eﬁ%}ﬁl ifetinme of battery-powered client devices. 2 SUMVARY

[ 0005] Al ess poi.nt is to transmyt delivery traffic ipdication nessages
at qiffeﬁgﬁ‘?ﬁ perf Stiest %&%%é&?lﬁtr@%slsfaoﬁe‘ap 't e GPNAACISe  MEERCSE | deIGES
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traffic indication nessages indicate whether the 5 access point has
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devices that are in a power-save node. [0006] A client device may store an
i ndi cati dAO@¥] a pY efientrdeslicpeniy dr afiaymecbea bittappewerd. Wi edunipde,|d disah t o

delive raffic.indicatipn ne ges, when i.n power.-save de. The  «client
devi col by B8t P & By PR o0 PiR: 4t SORUSREH D FeRfeg Wircless
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client device and/or an expected usage nodel for the client device:.
powered, and at 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-

15 powered.

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

devices.




[0007] A client device nmay negotiate its preferred period wth the access
point by sending a request to the access point, where the request is a
request to listen to DTIMs according to a preferred period of beacon
frames when in power-save node and a 15 ReceiveDTlI Ms paraneter of the
client device is true. The request inclyudes an indication of the preferred
period. The client device and the access point use an | EEE 802. 11 wreless
| ocal area network (W.AN) standard. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0008] Enbodi nents of the inventio Iﬁﬁg%%g#;strated by way of exanple and
not limtation in the figures of t anyi ng draw ngs, in which |like

ref erence ral |nd|cate gorre l.ogous or simlar Ienents
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[0010] FIG 2 is an illustration of an exenplary sequence of beacon franes,

hel pful  Wwith thel@cetsamdinig "§b¢r§elevﬁmbdrar&fémumhcﬂtlonhaessmnmdmate \mﬂha] thel G 3
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exenplaryd@waghﬁ@amqhh@ﬂweaggmqgukaccord|ng to an enbodlnent of t he
invention. [0013] It will be appreciated that for sinplicity and clarity of
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ordinary skill in the art that e gnbodlnents of the 5 |nvent|on %%s be

pract i cedngfelderithe chegdegpeci fic details. In other instances, well-known

met hods, procedures, conponents and circuits have not been described in
det ai | sol% 887 Inot A client device may negotiate its preferred period with the access point by

sending a request to the access point, where the request is a request to listen to DTIMs
according to a preferred period of beacon frames when in power-save mode and a

15 ReceiveDTIMs parameter of the client device is true. The request includes an indication
of the preferred period. The client device and the access point use an IEEE 802.11
wireless local area network (WLAN) standard.




to obscure the enbodinents of the invention. [0015] Figure 1 is an
illustration of an exenplary conmunications system 100 according to

enbodi ments of the invention. System 100 includes a wirel ess access point
10 (AP) 102 and network gateways 104 and 106 coupled to AP 102 via w red
connections 108 and 110, respectivelys3 Network gateways 104 and 106, wired
connections 108 and 110 may all be part of a "distribution systenl for AP
102. Non-limting exanples for network gateways 104 and 106 are cable
nodens, Asymmetric D gi j i ms, Asynchronous
Transfer Mode (ATM net Wmibﬁ.@ﬁﬁ% , satellite nodens,
I ntegrate rviges, D.gital twork (1SDN). gate s, T- carrier 1 (Tl)
modens, a[ﬂatﬁﬁhe 15k “%FmFSO oG BYt Ha&fealﬂ'g/sff&ﬁﬁggy G 9 E?F%%Iﬁ%ﬁnéfﬂ%

di stri butiiRRatRShem fihred\Br ﬁﬁ%cb&nﬂtﬁﬁzﬁigb&r@wir?!ﬁh%é{@ HkteiGehRChttless @
desktop conputer or Server 112 coupled to gateway 104 via a wred

connect i gnditdt4 cofr&PoadingRmalbRohaer sthilhedeterdnendm whith: 116 and i s
configurable to support at |east 20 one wireless network nane, for

exanpl &§ [#009]eastFIGné isen\illograsien of dardkkimpRry ¢&Shihicadomasysemhavsiding |1 st
of exanpl es for@%enna 116 | ncl udes a di pole antenna, a nonopole antenna,
a nul til d9&PmEE weghy fiRaInventi i nar i nverted-F antenna, a | oop antenna,
a shot antenna, a dual antenna, an omidirectional antenna and any ot her

sui t abl e [#A1@nna FIGP2 i3 gp ikwsjratior ol ge cxemplatesequease (of (eajoniamgs, helpful
conmuni cat.i (] S. M - enabl ed | aptops 120 and 122,
wrel ess%r‘f%g%g%ﬂ(cﬁég%ﬁggggg%%ggnoﬁéﬁbglﬁ%nw rel ess-enabl ed personal

di gi tal i st ant,§~( BDAs 28 and 130, Each of wrel ess:enabled | aptops 120
ond 152, O r edIG A6 L 4t Flfamier 157 dmblonbaeShnt Poitor et 2brBn  pons
128 anth lsdtbddsmeldlof thdiavaxieaus®l an initialization process to associate

thenselves in a wreless network with AP 30 102. 5 [0018] For exanpl e,

wi r el ess-@oad)l ed Fieph aPsbibeR d 82an WS89 SritdiaR|cReht B6ick phenamké4 and
126 and w rel ess-enabl ed PDAs I28 and 130 nay becone associated wth AP
102 over an spihoditeesy ofidteiovéniiong. Wr 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" .[0813]0019} wihéedcppeniataiethat &8 sithplieityl md~elgtityeoflillasteationstlemenexanpl e
and ot her ,sui tabl.e .
shown in the figures have not necessarily been drawn to scale. For example, the
15 dimensions of some of the clements may be exaggerated relative to other elements for

clanty.




client devices and groupings of client devices are also possible. A

non- exhaustive |ist of exanples for client devices includes work stations,
server computers, notebook conputers, |aptop conputers, desktop personal
conputers (PCs), personal digital assistant (PDA) computers, hand-held
conputers, wireless |ocal area network ,(WAN) stationary 10 units, WAN
add-on cards, W.AN personal conputer néhnry card international association
(PCMCI A) cards, WLAN PC cards, W.AN switches, W.AN routers, W.AN servers,
gane consol es, digital caneras, digital video canmeras, television sets,
wireless |nternet-Protocol (DE?AHEEP@%E§QBHHHQEJlke. [0020] In this
exampl e, AP 102 and the client devices are all "802.11-enabled", 15 which
neans t hd00tr el dssheclontmiiigcdetdiled slesdriptioharunessouseapecifin daledo agaaiclorthiinh one
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art how tto obemliré thetehdodinaduitsond thgirfventiet. her exi sting WLAN st andar ds or
future related standards, including 20 802.11n. [0021] The 1999 edition of
the 802. Jpossjandaigurt a i eaf flivsimtbn) WhanlexerdSF) corfihhicaeiss shgenbabpeen
infrastructure W.ANs and ad-hoc WLANs. The follow n description is for

i nf rast r (RSEAFMBmAAR ARebodimends of thy Intratiore Sﬁ?ftelacl@ﬁsmdp‘gﬂsrﬂt‘@l.relFWQ?SS‘Pﬁélt 802. 11
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synchroni 8 £nd 110, respectively. Network gateways 104 and 106, wired connections 108 and

110 may all be part of a “distribution system” for AP 102. Non-limiting examples for
network gateways 104 and 106 are cable modems, Asymmetric Digital Subscriber Line
(ADSL) modems, Asynchronous Transfer Mode (ATM) network gateways, dial-up
15 modems, 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.

[0016] AP 102 has at least one antenna 116 and is configurable to support at least
20 one wircless 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 ommnidirectional antenna and any other suitable antenna. AP

102 may include a router.

25 [0017] Exemplary communications system 100 includes wircless-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
30 102,




wi rel ess networks. The nunber of tine units between target beacon

transm ssion tines is referred 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 franme. 5 [0023]
Each beacon frame also includes a tinmestanp which is the value of a clock
internal to the access point at the actual transm ssion tine of the beacon.
Due to use of carrier sense nultiple access/collision detection (CSMAN CD)
t echni quel®018lhe dtor ugramplearveindlessicanbled nlepiapy B20 | anderl 22h avirelprs-anablget

rame i s Aapnyees 28 shiPs o AERHERnied PR 1ob ARE A AT R vefnlesbolfiafi oo

devi ce rewh VA O2hevebenadreldss arBrvovk| 113upditirelesd éhablet elapidbs ARocdadatznr di ng
to the tinestanp_ in the received beacon frame. [0024] Each beacon frane

al so i nclHeBongs T24and £26 g RIafs 428 a1 30mrgyefemed to gsfelignt dpwsescy i ent

devices for which unicast traffic is pending and buffered in the access
poi nt. Thi0819Inf orFhet ¢lsnt deviesscbawd i dFigurpdr are abstan rexgmplepdndmther snkebld| M
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count of YEpterhdriar eeMpHgrs, deskiopdgrsoapt compviars (B shmergonglBgitabyssigtydr i od"

field indg e f. . 0f L0t A DTI Ms.
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fully powered; an the client "device is unable to transmt or
recei ve amttmogiisotoesl (I®mhohesmanddbelike. The manner in which a client device
transitions between these two power states is determ ned by the power
managenenf0f2@lde dh thireexamhplenthPdedd ard the clidat devécesnae'all $802.1dlénabledtevi ce
may reizgi Ve, Lrames at an)i time and is in the "Awake" state. In "Power Save

mode”, 12 hENICRTRFHOS A iMHEFIPSS SOBMRIMIGHLioRs Eier el b B BCIFERES WilB¥ P upon
the clienfofeyf 8k BlioWisd SAnliHE Mahed B REBEG e BIERENIS akeP Wilctronic

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, including
20 802.11n.

[0021] The 1999 edition of the 802.11 standard (as reaffirmed June 12, 2003)
distinguishes between infrastructure WLANs and ad-hoc WLANs. The following

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

[0022] The 802.11 standard explains that access points transmit beacon frames at

25 substantially regular time periods to announce the existence of and to synchronize




Save poll (PS-poll)" frames to the access point if the TIMelenent in the
nost recent beacon frame indicates buffered unicast traffic for that
client device. [0027] In Power Save node, a client device is in the Doze
state and enters the Anake state to receive sel ected beacons, to receive
broadcast and nul ticast transm ssions qfol | owi ng certain received beacons,
to transmt, and to await responses to transmtted PS- poll franmes or (for
CF-pol l abl e client devices) to receive contention-free transm ssions of 5
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buffers tlgraffi c destined for the client device. The access 10 point
transm t s"H8ffered unicast traffic to a client device in Power Save node
only in res$onse to a PS-EOI | fromthat client device or duri n? t he

cont ent? olf928lee (Fgch hsepanpiamp alsoHgclydesea Gmegtapp- woich apthe valnent a glogkce in
Power Sav 0 The " LJ I ] " ter of jent device
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client desdrder ssmkemsltiphd aticss/eallisibordeetivhe(TBMA/CRRGahniquasiethe Thau4ll | ent
device inforns the access point of its "Listen Interval"” paranmeter during
the associaSTBIFIaN FRe My iclalss shagotha tarastieeapen tawsmEssiomijmse CoatsedERined,

for exanpie tinfraly r%fla?f&ﬁ@b&ewﬁa&m HEPERQI VR R LIIR HendAfABh oBlurd e
client device. [003 he access point has an aging function to delete

buf f er 88 Archieft devideancditing s bedCorbfreme wiflfuptatd ifsdnteanl ebocle ssiovding ey thed of
time. The_.aging fupction i.s bas on the "Listen Interval" paraneter, so

t hat buffté?‘gﬁ“ﬁ?é’? Ee‘?eéve@’?%‘?oﬁ‘gfga“i‘%r a period that is at |least as long as
a product_of the Beacon Interval and the "Listen Interval"” paraneter of the
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when the client device Inforns the access pol ange in the power
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true, ji.ent . devi.ce kens .t.o recei ve al beacon franes that include
AN oo

he cl
a DTI I\/ﬂnggﬁm e whBerbrapdeastoz nulficast traffis 19pndHE- device is not required to

awaken for every bheacon frane that : .
[0025] There are two different TIM types: TIM and delivery TIM (DTIM). A TIM

includes a “DTIM count” field that indicates how many beacon frames (including the
current frame) appear before the next DTIM. A DTIM count of zero indicates that the
current TIM is a DTIM. The “DTIM period” field indicates the number of beacon
20 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.

[0026] A client device may be in one of two different power states: “Awake” — the
25 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 the “Awake” state. In “Power Save mode”, the client device listens to selected beacon
30 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.




includes a DTIM 30 [0032] Mre detail about the power-managenent 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”. 8 [0033] dient
devices in a wirel ess network may haveroanicting requi renents for power
consunption and communi cation throughput when in Power Save node.

Nbreover, t he need for gomer saving in a battery-powered client device may
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Currently, an access point is abl'e to store on single period.
Consequenfollpwiny defteinemteiedd enitome o tasmin aﬁwmaweﬁamepdmeketovwdnlsmatdd RSake up

for the sa beacon frames according toQ the single DTIMperiod. Currently,
a net wor kpﬁﬁﬁaf&%% %@gf ‘Eﬁé’eﬁﬂﬁ% Clsaﬁélﬁwéeﬁg i rt’&@Wﬂcpe&enw free PREHENTS Glor
power cONgRLd @aand comuni cation 10 throughput when in Power Save npbde
of client devices in a wireless network when configuring the DTIM period
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par anet er to Iisten et erm ne to stay Swake 1o 1ssue a
PS- pol IlOfluczimetrﬁusmltsdﬂff&r@hunmasrtasaﬁ'ﬁ¢ tahfdlient {lﬂ@&G]ﬂ anér Savicembdelenlycia has a

uni que hardwar e, addges or um acce r b MAC
address, SrRPH %“’a%iiﬁ‘“ qlﬁt gﬁ foie&rgllélﬂpg(}feﬁo E‘E‘? 8 Fg %‘6} nam ¢
host confmgua@tdf@mmp@mm@éh&lm{}e BOWRE SaVdin6le. MBY be enbedded in the
access point. Alternatively, the I P address of a client device may be
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"association identifier (AID’ ent devices ass ated therewth and
mai nt ai nsnenieap beagoofintahBis thmt M@addiabsrs‘é]s clidinaelcame asskerpandtlistede fidri f i es

t hose i ent dV|ces for i.t, has ffered uni cast fIC sef,tin
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appropri afa@alﬁbtas duMpEeMéChssociation with the access point. The parameter may be
determined, for example, by the desired power consumption/performance target of the

client device.

[0030] The access point has an aging function to delete buffered traffic when it has
20 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.

[0031] The client device also has a Boolean parameter, entitled “Receive DTIMs”,

25 which 1s 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
includes a DTIM.

30 [0032] 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”.




t he access point maintains an Address Resol ution Protocol (ARP) table that
contains a mapping of Internet Protocol (IP) addresses to MAC addresses.

[ 0037] A network gateway may receive froman external network one or nore
information frames to forward to a network device associated with a
particular |IP address. 30 The network gat eway may have to resolve the MAC
address of the network device associated with the particular IP address in

order to | ude the C address in the inforpation franes and to send the
i nf ornat i ﬁ‘%lr ane 11‘?“6 KECH EL W?lﬁéﬂeﬁ"éﬁ’rﬁ(ﬁﬁ@’ _ aY?e?W%‘“&aTF%W% or
gener at e G ARBARHIESh c%‘?rﬁﬂuﬂiéat%oiﬂ HBuMey t%ﬁerg%ws%er AV Chdde.

I ncl udi ng the access point, which w treat it as broadcast traffic. The
net wor k Mlewoser, (the ne¢d émt paveriseringsisor batteagpoiveiedtdienadoessmpyiingtpaseavi ng

the particular |IP address . may respond to the ARP request with its C
nddr bes. &4 Ssgs RECRRTY 15Dy driTBRBoahREmRaRor HEST P SerHE s 8y
be abl es5t e bhfi@Rpoiverdd Mt &lvicdl f ferent periods of beacon frames for
different wireless client devices associated with AP 102. In other words,

AP 102 mojoBey ab! @ty fRiaf! Alclied BARPIE AR 10 I 1Y | £ o ATRE beithd € 55

client device basis. A higher DIt M period may i ncrease potentia
savi ngs i Oopogemtlypdiiersot client ldeviceramn Bustee Savahiode mat utievdkearp fhOthe same

icati h hput. . . [003 AP 102 t
onet o onteegon BnSt axiaiive i fis avade HTH srlodt | G & grot BHGSSY i
periods Whdell té\bRanes th%h:%nﬂicliﬁ@frecfﬂlﬁ’éha‘éﬁ@if%gﬁéwﬁx&ﬂﬂhﬁptidﬁpmﬁ%n%hiéét%e the

fol |l ow ng ma%gl ng of DTIMperrods and AlL DTI M Peri odAI'D 81 (cell phone
126) 320 (thoughpd) when (PBawEp Hpve mddeapt olernt 2yices in (ac wirklsho netwbpld whike

recer ve Rt fi IR pERle SEERE BEE W | T avaken 1 rom Poer Save mode
to list en[Ob?S]beaC(?Sr?en Y, g cﬁgnrti({%gice that has its “Receive DTIMs” parameter set to true
and 1s in Power Save mode wiil awaken accordimg to the DTIM period of the access point
with which it is associated in order to listen to DTIMs and determine whether fo stay
15 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.

[0036] Each client device has a unique hardware acidress, for example a medium -
access control (MAC) address, and is assigned an Internet Protocol (IP) address by a
20 dynamic host configuration protocol (DHCP) server, which may be embedded in the
access point. Alternatively, the [P address of a client device may be statically configured.
In addition, an access point assigns an “association identifier (AID)” to client devices
associated therewith and maintains a mapping of AIDs to MAC addresses. The access
point 1dentifies those client devices for which it has buffered unicast traffic by setting bits
25 in the TIM’s partial virtual bitmap that correspond to the appropriate AIDs. Moreover,
the access point maintains an Address Resolution Protocol (ARP) table that contains a

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

[0037] 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.
30 The network gateway may have to resolve the MAC address of the network device
associated with the particular IP address in order to include the MAC address in the

information frames and to send the information frames to the network device. The




of beacon franes determ ned by the client device's DTIMperiod. As shown in
the exanple above, different client devices associated with AP 102 nay
have different DTIM periods, and therefore a processor of AP 102 is able
to transmt DTIMs at different DIIM periods for different client devices.
20 [0041] In the event that AP 102 hasgbuffer ed broadcast data or buffered
mul ti cast data destined for sone of the client devices that are in Power
Save node, AP 102 is to ensure that _each of the c¢ljient devices in Power
Save noddicHESTKnFHINE BRNOBTRTAE Jnt GRF| TGS 20d Sefbrf NP theEHOR Goisek
presence d%@ic%ﬁ‘%&ﬂ(ﬁiﬁ? rtl’?@adé@ésagoil[lt? Qdedn \gﬂg&éﬁ ifad BroMtalt tkgﬁ[:.r 2‘}15 ABrwRfk an
exenpl ary sequence of beacon Tranes 25 transmtted by AP 102, according to
sone enbobvivefosclisht dévdcd asgenisted withFhe hcdesapant) Mavihg depfGCulani? addess a TI M
and in certain beacgn nmes, the TIM] DTIIM For exanple, |laptop 122,
cel | phon@i%sm%ﬁgﬁs’g@ée%ﬁﬁt “i’gbltﬁw(gég‘#ﬁssPomer Save mpde, with DTIM
periods of 2. 8, 8 and 3, respecti_vel%/ Laptop 122 w |l awaken from Power

save modd Pl i stsordng e B Frbedimeyt of e iBeension, FPatd? B PRANated by
arr ows 2%s§it§bf‘ib)[ﬁtlrc%ffe1§@?e}i%ﬁ? Bk blacBN@ s R‘Jr%f%%ﬁig%@%ﬁ%@%@eﬁc%s listen

to DIIMs 1 n every t con frame, as 1 ndicate
Sim | ar | yassavadtépivitheAR 2162 arid oftidd vk 8s,wh P 1102 anekienalile cornfanviein iBdapendamtie t o

listen t I Vs .in every eighth beacon frane, as. indjicated by arrows 208.
[0043] o7 T ERENE O § PV Ug Gaicedionre Pislat M s e P M6 Bacon
frame 10ng0fotch®AN sBiAgE AL pRRSL ¢ tiohN&uf! hﬁ?t BRMHEGS RISQLC! @k ed
wth AP 102 is in Power Save node, AP 102 will bu f&r the ARP request.

[ 0044] 1(pRongRuvgdtionithrohghpat.iand (vine vBT#aM of beacon frame 204 an indication

that broadcast data is buffered, and will transmt ARP request 205
fol | owi nd083Ycon AR a8 m294torPDAc-130nwidr| oreviakoemyt mappisgse of twditdti@enOBIFM of

beacon fr 2 ill. identify that 15 broadca data .is ffered, and

will r ensfﬁﬁgfgwgﬁlﬂ\\ﬁ“@epeéw% Adhe OE z‘Eﬁjé?Pt Q%Cqsoﬁzll%ﬁi‘wl%‘éﬁ%g MY HRIC 204.

Lapt op 12fe foMawang ﬁﬁ{)ﬁiﬁgbhﬁTmﬁ%ﬁo% aleamyd:! | listen to the DIl Mof beacon
wWill i 1 i

frame 204, i de_n y that broadcast is buffered, and_ w | rec_ei ve ARP
(eavest, efphstd el besconypere 20F 00s) AP 502 wil l o nelude i

8 1 (cellphone 126)

3 2 (PDA 130)

8 3 (PDA 128)

2 4 (laptop 122)

16 5 (cellphone 124)

1 6 (laptop 120)

[0040] A client device in Power Save mode and having. its “Receive DTIMs”

15 parameter set to true will awaken from Power Save mode to listen to beacons at a period
of beacon frames determined by the client device’s DTIM period. As shown in the
example above, different client devices associated with AP 102 may have different DTIM
periods, and therefore a processor of AP 102 is able to transmit DTIMs at different DTIM

periods for different client devices.

20 [0041] In the event that AP 102 has buffered broadcast data or buffered multicast
data destined for some of the client devices that are in Power Save mode, AP 102 is to
ensure that each of the client devices in Power Save mode has had an opportunity to listen

to a DTIM indicating the presence of the buffered data.

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

25 {ransmitted by AP 102, according to some embodiments of the invention. Each beacon




20 broadcast data is buffered, and will transmt ARP request 205 follow ng
beacon frane 206. Laptop 122 will awaken to listen to the DTIM of beacon
frame 206, will identify that broadcast data is buffered, and will remain
awake to receive ARP request 205 follow ng beacon frane 206. [0046] The
DTI M of beacon frame 207 wll not incl r@e an indication that broadcast 25
data is buffered, since it will be listened to only by laptop 122 and PDA

130, both_ of which have al ready had an ogpportunity to listen to a DTIM
i ndi cat i nfaf 8 BBt a oM, prud meewrtadn boamn framesthad Mo & AEM-hdior

e, | i i 209,
AP 102" i T B ERcp 1 EBART sl 30y o 2GR AV BB #30
Save nodewith DRI peraptsayf 2328 avdld, péspeeiviB6 BasloPDEs will @wakeh £36). Pailer| 0048]

AP 102 will include.in t TI M of beacon frane 209 an_.indjcation that
br oadcastéf’d’gtla%kestobwwgﬁif R GYeY other hearon fre, ag indicated BIOFTOWY 294 0

f ol | owi H10S{HRREYNPDAT %i@l%akkﬁ%ﬂ@&?&ﬁa%h{oﬁgg@gﬁstém@ﬁ ﬁ?%g%v%%?tﬁgﬁl !

awaken to listén to the DIIM of beacon frane t
br oadcast badatra fiamepas indicatkd natravwd 203. e Sanitarbwakkphobe t186 aad #Dde 128RRvill

requests 205 a 2 fold ow ng. beacon fr 09. 0049@8’ nce each of the
CFant aebTaet rom Aoy ST anthsal e 16 o B oYU S1Egh bR op e o o
DTI M i ndi gaichRd tiheropkesgnce of buffered ARP request 205 and to receive
ARP request 205 thereafter, AP 102 may di scard ARP request 205 after
transm t tjgpg3ARP rdreUssic. 202P1 ! QNd; AR P 102
wll al so[ i nc]f\ude irn t ﬁeDTI M o@zbeaég% %famquﬁ&ggofﬁaf%%ﬁ%g&? laaltﬁé

br oadc &8t 2Matheni ssndout feastaxhe odinlak elient dévicassassdciatidPwite diPeRd2 iR 1D Powkd Savieng

Frame 2110000 AT 1o YT ARERERS S “dat a 1 buffered, and will remin
Since caclOgfl | hoAR| 10RnGaiEsin HeSHRH DiRraceo dams g i gpdbuni ty
o rocer vao R Tl it BEGEh SR VIS PRAFREART, BB ol B Rnak ©, 00"
after tra2i¥hi RPANGOARH awakeu éstist2d ® the[D'HIM nfjbdaeac framkr2@dpwilll itentify that

15 broadcast data is buffered, and will remain awake to receive ARP request 205 following

beacon frame 204. Laptop 120, which is in the Awake state, will listen to the DTIM of
beacon frame 204, will identify that broadcast is buffered, and will receive ARP request

205 following beacon frame 204,

[0045] AP 102 will also include in the DTIM of beacon frame 206 an indication that
20 broadcast data is buffered, and will transmit ARP request 205 following beacon frame
206. Laptop 122 will awaken to listen to the DTIM of beacon frame 206, will identify
that broadcast data is buffered, and will remain awake to receive ARP request 205

following beacon frame 206.

[0046] The DTIM of beacon frame 207 will not include an indication that broadcast

25 data is buffered, since it will be listened to only by laptop 122 and PDA 130, both of
which have already had an opportunjty to listen to a DTIM indicating the presence of
ARP request 205.

[0047] To continue the example, if AP 102 receives an ARP request 210 prior to
beacon frame 209, AP 102 will buffer ARP request 210 for those client devices in. Power
30 Save mode, namely laptop 122, cellphone 126 and PDAs 128 and 130.




[0052] Figure 3 is a block diagram of an exenplary access point, according
to sonme 20 enbodi nents of the invention. AP 102 includes at |east one
antenna 116 coupled to a radio 302, which in turn is coupled to a processor
304 havi ng baseband functionality. A non-exhaustive |list of exanples for
processor 304 includes a central procegging unit (CPU), a mcrocontroller,
a digital signal processor (DSP), a reduced instruction set conputer

(RI' SO), onpl ex instructjon set conputer (bCI SC) _and the |jke. .
Fur t ner moPBSIos i dBa Bl welidady the LEHM o§beasenafsane 249: wnidisety ft

St andar d v asac e EBEHRT D e RRE sedllesa 3R DFR IR ARP BRI ©
i nter f'EE: efrB0620Duphptdp 1182, acellphad 1 26edndoPBA CI@8twidll dveaked OB listEh o thier EIM
net wor k(s

be, f | e, h , ke i ngs,
o T S S IS5 KRl S50 ks o
1995, |45 AR yucandos B B ABwHARGAsSarks 968100 Y knoun as

"FireWre"), or any conmbination thereof. Wred network interface 306 is

D oo O e inGOBRE S hO R AR hicl 3L ORAL LR HAP o BBt

processor may art o e sane | ntegrate sepa?’ate
i nt egr at ed lstanctoi 4 BTG indlicatingythe preeassof hdbded AR PWey ekt 005 wod ko eeeiveol | er
308 may i

part of the sane jntegrated rcuit or in separate |ntegrated
circuits. G%FSM@SJFQ%G%{@%A? 107 %Péfsdl%caﬁs}eﬁ%?ye@fet, ZQpri ek trﬁwmﬂélgff%ﬁ%d in
or renovabhgst 204 oPBWE tiddon MDPY9.310 may be coupled to processor 304 or
partly enbedded in processor 304. A non-exhaustive |list of exanples for

| L ool ud _ : . | e iy
dovi ol JB0R01C, |88 17K SRR MO DY Rl e oR o SIERRH G "
el ect ri cdirbaydeastadetb i ebyfiferegd, camdebilletriesadt APy regaesd 12y 0 1011 cheitigCteacqrEERREN) |

flash nmenpry i.ces,..non-vol atil e random access nor deyj ces. RAM ,
synchron%'&)ﬁérﬁ%gwlgﬁ&’@ﬁ?%% ¢ E@TQ@?%NWOH éWPééé’,WﬁiﬁlﬁB'ﬂég' am ¢
random acgesfadiEd®y % HoRRAMIndISY ¢&8Rai %%% fo reddive AT ﬁ%o%ﬂ%}ﬁ

devi ces, static random access nenory ?SRA , universa qserlal bus EJSB)

r enovabl ebeaeornfigme 3htd the |ike; 15 b) optical devices, such as conpact disk

read only menory (CD ROV,
15 [0051] Since each of the client devices in Power Save mode has had an opportunity

to listen to a DTIM indicating the presence of buffered ARP request 210 and to receive
ARP request 210 thereafter, AP 102 may discard ARP request 210 after transmitting ARP

request 210 following beacon frame 211.

[0052] Figure 3 is a block diagram of an exemplary access point, according to some

20 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 bascband functionality. A
non-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,

25 processor 304 may be part of an application specific integrated circuit {ASIC) or may be a
part of an application specific standard product (ASSP).

[0053] 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),
token rings, Universal Serial Bus (USB), wired network(s) according to the IEEE 1394-
30 1995, IEEE 1394a-2000, and IEEE 1394b standards (commonly known as “FireWire™),
or any combination thereof. Wired network interface 306 is able to use wired

connections 108 and 110,




and the like; and c) magnetic devices, such as a hard disk, a floppy di sk,
a magnetic tape, and the |like. [0056] Processor 304 and wi red network
controller 308 may be coupled by signals 20 311 to coordinate their
activities, for exanple access to nenory 310. [0057] Menory 310 may store
mappi ngs 312 of MAC addresses of clienjsdevices associated with AP 102 to
respective | P addresses, and mappi ngs 4 of MAC addresses of client

devi ces. i at Wi AP 102 to respective Al Ds. Menpry 310 may al so
store  onQUsd. ongga&ﬁo %&%@%@}?ﬁ?ﬁ;‘-o %ﬁnﬁ@%e@% of fhe samecintegeied Grougfiorir, ent
DTI M per i Qgg-ai {hftelme iRl di [ V4 (i€ ood
that this ?samelre y an Ieleirrpl%{,ﬁﬁgﬁ% IS:rtB eg%j& o%dﬁe%dndg%ﬁggg%oglg Q%%Hggﬁgﬁgl DS,
MAC addr emgele partiof] tRe sale axtepratediciecial aran pemsdtbintegratéd tiecuiat i vel y, any or
all of these mappings maybe stored internally in processor 304. [0058]
Merory 310058y alAPR lo2cllsdechudeutfmehag s nhidlBhly he Hiddri@ dneaidvilsle

traffic_desti for_client devices. For exanple, data 320 of jncom.n
S rign ke 42

.ng
traffi t rMSE10BF A& iy brirpwtethép Bipsesar 394 onmaely ewbeddsd igi gnal s
322 of w t k gont : 3 ] £l dj 102
may mai ntlgig%si&ﬁ E%f eng ﬁ%ﬁ g%/lléa?étrlx %?%t Iol}s?x[s?&%ger% fdéarg%&%ggt%ﬁ @eln@%%l%ﬁvl peri od,
i.e., forcopiimtionlofthediollodinghat is currently applicable to one or nore
client devices in Power Save node. For exanple, as AP 102 receives ARP
request 205 prior tf) hedcoduttopmevided sidhi G Feistdrs, AhES2ref@Yordy hRe@ire
buffer Ato store 5 ARP re(guest 205. AP 102 may set a counter_ 324
associ ated wi t&RP)f Brask RGM neleqtrirally grasablp pragragmable readajonhy mssromsf DTl M
peri odgy t hat . " | ver - Faroexannl £ S
ol ntaled for DM GEPROND. Rl ftmory BEviEA OB Folaild Bty JoSROMEmdY .
buffer A (or ateyices HAWVRAM)alsirehromiug atyinamicotandoff @ccedy nmemdripe(SORANI)f or

DTI M peri ods .3 0, [ 0060 ce the indicatlon of buffere
br oadcast dat adzemf’?’gg‘gpﬁ?ﬁldﬁgﬂﬂmi J‘P&ﬁ% FFGSRAMGOT Sé‘ﬁ‘é‘c%ﬁlohﬁi ch
wi Il be |istenge trarebyDDR) eﬂ%m@(é”'cﬁ?ﬁeé}%’thﬁlg rénddll McB&Ss Rfdnidky (SRadRY ARP
request 205 has been tranSmtted foll owi ng beacon frane 204, ‘the pointer to
buffer A is reamivashlserahbuhd]$Bsemogablomemaperandthddilend counter 324 is
decrenent ed by

15 b) optical devices, such as compact disk read only memory (CD ROM),

and the like; and

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

[0056] Processor 304 and wired network controller 308 may be coupled by signals

20 311 to coordinate their activities, for example access to memory 310.

[0057] 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. Memory 310 may also store
one-to-one or one-to-many mappings 316 of indications of different DTIM periods with
25 AIDs of the client devices. It should be understood that this is merely an example, and
that other methods for mapping AIDs, MAC addresses and IP addresses are also possible.

Alternatively, any or all of these mappings may be stored internally in processor 304.

[0058] Memory 310 may also include a buffering system 318 to store incoming
traffic destined for client devices. For example, data 320 of incoming traffic may be

30 transferred to buffering system 318 under control signals 322 of wired network controller
308.




1. Once the indication of buffered broadcast data has been included in the
DTI M of 15 beacon frane 206 (which will be listened to by client devices
having a DTI M period of 2) and ARP request 205 has been transm tted
foll owi ng beacon frame 206, the pointer to buffer Ais renoved fromthe
list for DTIMperiod 2 and counter 324;4s decrenented by 1. Once the

i ndi cation of buffered broadcast data has been included in the DTlIM of

beacon fr 209 (which wi |l be listened to by client devices having a DIIM
peri od offaH§9lzo &ﬁ&mw&@@a&%ﬁ%@my Basniainig heiieripg dystan 3dGilist Beacon

frame 209ach PgetRe DER biodPbe ! & Aot ggﬂg{}%&ﬁ?é t%t}?&thﬁ%ﬂ# ggﬁ%ézagfe.tl?&é"

period 8 and counter 324 is decrenent ce coun i's zero, AP
102 is freenpe cdeat ldoviaceirbbBbwer Sdveanddeli sarctadple, as exuds? rafbies [ARB1]

Simlarl 102 i AR t .2 i to b f 209, AP

S g0 BB BB SR S R B B RSB 8

count ers 32Rp Qt&?ﬂﬁﬂ A58 A O 2l sE O Bk 30N Bisd6R|HR ith BEFAOR tdMHelvaldd, ude a
ffer Bin the DTI 3 and 8. 062

pointer to bu | ists for M peri ods 2, [0 [ Once

t he i ndi calichnis die ot fromdur of RAEDAeridds thabase besmtlyrietiddd For edamplETI M of

beacon fr 0 ich will. be.li ed t cli.ent Lces. havi a DTIM
peri od ofﬁé%eé %ﬁ&%ﬁsgsem%%%‘g?{g%l ﬁi@ﬁr&enﬁab%ﬁ/l aﬁ‘@r .chﬂ?e(;}fb%)\mgﬁaéik%a
request Zdntbat BERER At(baasbihteshitdld MMdAdoP 8GR Tl ARTE tRO%ts FhreDPRI Nt er

to buffer Bis_renoved fromthe Iist for DIIMperiod 2 and fromthe |ist

for DTI MEsECH®E. Bandghd counter 326 is decremented 14 by 2. Once the

i ndi cation of buffered broadcast data has been included in the DTIM of
beaconl r[Re0]211 Quysitbhindidation ef bufftred brbaticasbgate haschven deohidedsn B R a DTI M
period of ngd. A uest ..210..has been transmtted.fol i beacgon

Pr e, 25 o dopestat od (MR it BT R BN sl s Rt CAMOReRA Y
period 3 BHrAdCORP @fued205iHs Be& gamaiite flloWidg b6 e P0AT thd PBinidt t€r O,

AP 102 is free to deallocate buffer B and discard ARP request 210. [0063]

Fi gure 3 BHBAS isHempoyed Fomnthp dist & ilgM peries? 308 counteriR4gs deeremented bERP
request 1 el t f on fr 09.

[ 0824] | nﬁag%%ﬁi?g Z@% éﬁ%eénf;/ ﬁgi%gdlﬁg’aég%t r‘%gt:énl%agﬁ’r‘i’%ﬁ ﬁnﬁﬁ%@elﬁ %‘Safg?s é’%q 318
lists 13(hehcon franb 206 (\ehich del be disienePRABY c1BaY@evides Bavibk BIDEIM p&idd 2)

“list- pera:nBT N pr%crilile%‘g 505 has been transmitted following beacon frame 206, the pointer to
buffer A is removed from the list for DTIM period 2 and counter 324 is decremented by

1. Once the indication of buffered broadcast data has been included in the DTIM of

beacon frame 209 (which will be listened to by client devices having a DTIM period of 8)

20 and ARP request 205 has been transmitted following beacon frame 209, the pointer to

buffer A is removed from the list for DTIM period 8 and counter 324 is decremented by

1. Once counter 324 is zero, AP 102 is free to deallocate buffer A and discard ARP

request 205.

[0061] Similarly, as AP 102 receives ARP request 210 prior to beacon frame 209, AP

25 102 may allocate buffer B to store ARP request 210. AP 102 may set a counter 326
associated with buffer B to the value 3. AP 102 will include a pointer to buffer B in the
lists for DTIM periods 2, 3 and 8.

[0062] Once the indication of buffered broadcast data has been included in the DTIM
of beacon frame 209 (which will be listened to by client devices having a DTIM period of
30 2 and client devices having a DTIM period of 8) and ARP request 210 has been
transmitted following beacon frame 209, the pointer to buffer B is removed from the list

for DTIM period 2 and from the list for DTIM period 8, and counter 326 is decremented




enbodi mrent above, AP 102 may allocate a buffer upon receipt of broadcast or
multicast data and may include a pointer to the allocated buffer (or any
ot her suitable indication of the allocated buffer) in the lists for the
client devices in Power Save node. Each such allocated buffer is
associated with a counter that is set { the total number of client 15
devices in Power Save node that are destined to receive the broadcast or

mul ti cast, dat ce.a DTl M.indicating the presence. of the buf d_data
nas. boen el WSE T RIS Bk oS broaecet R oo PPt Elgas on fadd BRERT
transm t tiggcdofrh@WD Y (WHiBh RERHE Msich@IR, by AWM eACdvide§ ARMEBS a IDTENPR NIt 3{) rom
the lists of client devices that were supgosed to awakéen to listen to that

DTI M and #dcABBequashel@ besbesn tpgnsuivgedh ngbeaspir dramed21i, des poinger tover e 20

supposed ken J .0 th M ce.the. c ter, is zer AP 102
o P ree. nieREEnbld bl S 5P Brilptied Tt ARG HR R dotirAlREhy o a.

[ 0065] 3 nl.amncefcotutes 82&MDaethL MBIt 502 B R6& &5 AEalR4te BaYfeh N EE disbed ARP
transm ssion of DTIM at different DTIMperiods for different wrel ess

client deofess2Hy accessing buffering system 318 and the AID - DTIM peri od
mappi ng through data si %nal s 330 and 25 control signals 332. [0066] Figure
4 is a bll9B63]di adhigure dfshaws ehedintd mrbuficking systahe 318 & thastty aitarARB regoest

enmbodi ne of .the inventiogp. w.reless client ice 400 includes at

| east onglz)n}}aé}?ﬁ?ref&%?‘@%‘g?éfgét%ﬂée*oéﬁﬁ??c%%mﬁ%ﬁéh inturnis coupled to
oot oo BBeA, o B cubfhen B3 boamenuAR 104 G mihisen i BRGCREGO 518 688y - a
di gi t alo sfognath RIiGGCESHe (PPBver BateIHGRA is%fi{uuﬁ} RN B8 lper- SATRY ér?fgd(’ RISO),

a conplex instruction set conputer (CISC) and the I'ike. Further ,
pr ocessoremmgiment dbevp AR 102 may allopite ednifionusperscéipt of oedraat admulticasi t

ASI C) or e a.l art .of an.appli i ecific st ar.d..product
(assP) . HaindBe i B Reiler B w8 BoriGH M 6 G oo AR i BisPa L
circuit ithe atipaital Buffe) aomatiat forthdchidnt dePREVIn Bdwatavdanbde BRAD @kgO
i ncludes a nenory 410, which may be fixed in or renovable fromclient

devi ce 40Blocygddinien i astagialsd wHM eennies habsesasde thodolel nuBbprapf hent
o odEs GRE BEOREY sAnods AANGERANRNY Soccl Fien@ b BIP bF Bl B IR Y 410
i ncl udes any conbination of the TolTowng: &) sem conduct or devices such as

regi st er sQndead DB, indieatth pothl prevenas of the buffered data has been included in a beacon

frame, and the buffered data has been transmitted following the beacon frame, AP 102

removes the pointer from the lists of client devices that were supposed to awaken to listen

to that DTIM and decreases the counter by the number of client devices that were

20 supposed to awaken to listen to that DTIM. Once the counter is zero, AP 102 is free to

deallocate the allocated buffer and discard the buffered data.

[0665] In any of these embodiments, processor 304 may handle the transmission of

DTIMs at different DTIM periods for different wireless client devices by accessing

buffering system 318 and the AID — DTIM period mapping through data signals 330 and
25 control signals 332.

[0066] Figure 4 is a block diagram of an exemplary client device, according to some
embodiments of the invention. A wireless client device 400 includes at least one antenna
401 coupled to a radio 402, which in turn is coupled to a processor 404 having baseband
functionality. A non-exhaustive list of examples for processor 404 includes a central
30 processing unit (CPU), a digital signal processor (DSP), a reduced instruction set
computer (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




(ROVM), mask ROV electrically erasable programmable read only nenory

devi ces (EEPROM), flash nenory devices, non-volatile random access nenory
10 devi ces (NVRAM, synchronous dynam ¢ random access nenory ( SDRAM

devi ces, RAMBUS dynam ¢ random access nenory (RDRAM devices, double data
rate (DDR) nmenory devices, static randi)?n access nmenory (SRAM, universal

serial bus (USB) renovable nenory, and the |like; b) optical devices, such

t disk d onl nmepor a .he like:; and c
%ZQES{'F 2°wg€b€e%%€@w@ O%ép%lﬂfgﬁ%ﬂéﬁ%%%? %%%%)- 3\9 o 492 g rPé?‘ieESOF)é\‘Bé, and
the like.mhPB68ir E’f&eeﬁﬁ@fntégiceéte@aﬁfc@pﬁ%%garg@wtéﬂe Raestchifs, menory 410 through
0 . no

data signals 430 and contr signals 43 y 410 may store an

| ndi cat i oogf) @ RERLRIA:ER: DO MIS) iRAId0% LRnBRPUY0! Onfeh! Rl ndGKef a0 when

in Power Save node. Menory y store a al ue for
t he pref erenedalid | Mo elientddevideed(d). e Municerg 400 ivhpée icodpleday pbecessoniddgwrabl e

by a usger of clie device 400, Cient device 400 y negotiate its_ DTIM

por Fod i FRUASTDEBedH PrOREROr 40K iy oHegBRaYe 7t of PRI Golcr Sery H1RP. 107
on the fivuass WoiESn SR a8RIBHowRE: exanpl e, processor 404 may adjust the
preferred DTIM 25 period of client dévice 400 according to predefined

consi derations. A Nz -%1&% i i S S | ations
i ncludes: a) a chapgeseﬁaeive g{foygle]g,ac'? % éc"r'léyc ﬂgé%gﬁb\}\%@{?hg@%@li&gﬁﬁh e({;/' ce
(for exanple, (RoM)easshgROM pletiedltyedrdsdbly pegiaptnatie tlogd cndy geerhéryel

drops): b) an expecte e del for the client_ device; and 30 c) network
par amet er s (fo‘fe T Eﬂam ast, megiorg d5Vicese RERYSIatis Eandem aggess dagnoryvaC
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Cient device 400 is to informAP 102 its preferre
Al t er nati vel y, dayideenR AMIBUS slynamicr mndomtaceess aupmety (ROBMM) @Ryiced eloeblehe

request is a regqgues Listen to, DTIMs from AP 102 at the rg{Srr DTI M
peri od when in_a%ov@ﬁe Qé{@g)nglﬁ]é{ory ﬂ‘?glcfi%qﬁtéé‘f ! I’ﬁeaﬁgﬁefrﬁggy essor
404 and transnidiv@shl Byridl dds CUSRRrenldR e adn&i i 4 (RS 1ikdi S request, AP 102
may accept the preferred DTIM period and store the

b) optical devices, such as compact disk read only memory (CD ROM),

15 and the like; and

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

10068] Processor 404 may access data stored in memory 410 through data signals
430 and control signals 432. Memory 410 may store an indication of a preferred DTIM
20 period to apply to client device 400 when in Power Save mode. Memory 410 may store a
default hard-coded value for the preferred DTIM period. The preferred DTIM period
may be configurable by a user of client device 400. Client device 400 may negotiate its
DTIM penod with AP 102 only once, or may negotiate its DTIM period with AP 102 on
the fly as conditions change. For example, processor 404 may adjust the preferred DTIM
25 period of client device 400 according to predefined considerations. A non-exhaustive list

of examples for such considerations includes:

a) a charge level of a battery 420 to power the client device (for example,

increasing the preferred DTIM period as the charge level drops):
b) an expected usage model for the client device; and

30 ¢) network parameters (for example, does the gateWay remember the [P

address — MAC address mapping after receiving a response to an ARP request?).




mappi ng of the preferred DIIMperiod to the AID of client device 400, or AP
102 may respond with an indication of a different, acceptable DTIM period
that client device 400 is to use when in Power Save node. This latter
response nay be suitable when AP 102 is wunable to support the requested
DTI M peri od due to nmenory constraints other 10 limtations. [0070] Once
a DTI M period has been negoti ated between a client device and an access

point, th cess_poin y ay | I ement at i.on_qf th negot i at ed
peri od ﬁpﬁﬁ af terety VF@né@iﬂséPr o“}aPEdSDWF miﬁéw%aeﬂ ssed
[0071] FoAl@naiRile clisht 4tis Q?H'h&s@hlf@peq] 3 tb SPURA WhEW ﬁ@fhﬁnﬂw& rddlu

announcing its preferred DIl M peri od responsé, AP 102 y respond w t h
a nunber . tollfstane Thtliviseirorh ARyt @hatdhe piefamred D Biylipériadowben infemvet Bevenmoter

| mpl et LUF B 5558 [pheraled e ket ik G PR RA Y. o A0 LRGP e
client slertapt bhatis /quuJthZ Arej16g thiay BEccBt QRO Rek il Mrparperbd ARdstbieemg! | ent
device will have to send a new redquest. 20 [0072] In order to support

| egacy clmapamg el theereferrad &) TIMAperiohio th Abinef clBay deviow4)0, AR 002 may have
defaul t DT M | 1 " DTI M
er o+ ieaeiion e pfutiGn ShanliBEehE dedeop b RTIN AerR Ul (b deVisk B c s

or multi sasusmhen inEBowae Shvansde.t TBE 15er Apdfak tha) beOstfitile avHaR AR 102 is
i dentifying ihe presence of such buffered data. 25 [0073] While certain

feat ur es GRbEhE iSHRGE it remigeted JARING paiod, deedo anemenys eeistramts Reradhes, nany
nodi fi f@thrﬁgén omsubstitutions, changes and equivalents will now occur to
t hose of inary skill in the art. is, therefore, to be understood that

changes 0070 1 Wik, RTPA oEfiF ?m%f%eg e B BB M (o

1. An accesssspmiit} theld2dss cp@imrm@l f¢lay &nlﬂemeﬂeﬁ@i of &Aevabnegdtidtddr R t i n
a sequence of beacon frames deli ver¥ traff i ndi cati on nmessages at

di f f er ent P aftgithe dnepd alisalyrnegriate WR@O diag pessecht wireless 5 client

devices (120, 122, 124, 126, 128, 130) associated concurrently with said
access  [0071] For example, client device 400 may issue a new management frame

15 announcing its preferred DTIM period. In response, AP 102 may respond with a number.
If the number is greater than or equal to 0, then the number represents when (in beacon
intervals) the new DTIM period will be implemented by AP 102. If the number is
negative, that indicates to the client device that AP 102 rejects the proposed DTIM period

and the client device will have to send a new request.

20 [0072] In order to support legacy client devices and clients not in Power Save mode,
AP 102 may have a default DTIM period, say DTIM period 1, that is transmitted in the
“DTIM period” field of the TIM element of each beacon frame. Buffered broadcast or
multicast data may be transmitted by AP 102 following a DTIM identifying the presence
of such buffered data.

25 [0073] While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes, and equivalents will now occur to
those of ordinary skill in the art. It is, therefore, to be undersiood that the appended
claims are intended to cover all such modifications and changes as fall within the spirit of

the invention.




poi nt (102), wherein said delivery traffic indication nmessages indicate
whet her said access point (102) has buffered broadcast and/or nulticast
data (210) for those of said wreless client devices that are in a
power - save node. 10 2. The access point (102) of claim1l, wherein if said
access point (102) has said buffered fl ta, said access point (102) is
arranged to refrain fromdiscarding said buffered data until each of said
Wi rel ess @}éiéent devices in said power-save node for which said buffered
data is tiss&mALS  had an opportunity to listen to a delivery traffic

i ndi cati on nmessage indicating the presence of said buffered data. 15 3.
The accesp RQiaRics@boit 0] &inPprkiy: claim 2, wherein said access point (102)
is able to store one-to-one or one-to-many nmappi hgs of indications of said
di fferent peri®opgwcaisoh(304% sloeitatriansmit deatseducecsoidcasan frames délbosyy wafifient

devi . 4..T oint. of any.one qof clains 1 , erein said
etbee ot miniCaBA 3o SRR ol igfrent s o deafagoinimes 2b0) B iR tg vlrddsd. 20
5. A Wi sel egfetldeeidbs (20! €22, 1290026 90BI138) BocidteTRBRE ey WithtsRidSdc0ER an

i ndication of a Preferred period of beacon frames at which to listen to
delivery trapmt€ld2ndi cati on nessages from an access point (102) when said

wreless clie Vi ce 0)..1.S 4N . F-save node and a cei v.eDTl Ms

ey et er of surdief 8 SEB%y | darht JBPHRo ReSpBRORAGL: SueREr 5 ket
(404) to gemelndt(@02) h&nbedérell Gbrbideh@Naidtordehiticastyddts abid)Cfornebsabf esid
messages from sai d_access point (102) at said preferred period of beacon
frames when Wikdgsg clignt dewses thpt aain BQVESYABOYE s in sai d power-save node
and said ReceiveDTI Ms paraneter is true, where said request includes an

i ndi cajpo i : ri 9pd; 30 - Q- : 1 by said
oquoet to any AE AR GODACE Pl bRl ICAPalcR S il 8D R skt BBRY B
(400) is daia,zngledcess pose (HR) iEEERNGOR tolitfraini frerh dissaldogpdaidalneferaved atoniktil

t andard i i ivery traffic indicati :
o ranged TBNohARE UG lpi el ih i Ehat stk Tods BT HED Bd DapEg data
ib:] oggicgstisad&ﬁﬁéd Wb hh@ 3Bt opirRinitd 10) ih@r tMar @IRSE, FhifRNInddaMbie ofeskd}rt are

indicating the presence of said buffered data.

15 3. The access point of any claim 1 or claim 2, wherein said access point (102) is able to
store one-to-one or one-to-many mappings of indications of said different periods with

association identifiers of said wireless client devices.

4. The access point of any one of claims 1 to 3, wherein said access point uses an IEEE

802.11wireless local area network standard.

20 5. A wireless client device (400) comprising:

a memory (410) to store an indication of a preferred period of beacon frames at
which to listen to delivery traffic indication messages from an access point (102)
when said wireless chient device (400) is in power-save mode and a ReceiveDTIMs
parameter of said wireless client device (400) is true;

25 a processor (404) to generate a request to listen to delivery traffic indication
messages from said access point (102) at said preferred period of beacon frames when
said wireless client device (400) is in said power-save mode and said ReceiveDTIMs
parameter is true, where said request includes an indication of said preferred period;
and

30 a radio (402) to transmit said request to said access point (102),




5 power-save node. 6. The wireless client device (400) of claim5, wherein
sai d processor (404) is arranged to adjust said preferred period according
to predefined considerations. 7. The wireless client device (400) of claim
5, wherein said predefined considerations are arranged to conprise a
charge level of a battery (420) to po said wireless client device 10
(400) and/or an expected usage nodel f said wireless client device (400).
8. A nethod of sending a request froma wreless client device (400%3 to an
access point Yheogp saighaelesgichientoderdes (409) ds rassnset tQ gise jagt JEEE 80l i very
traffic indigcatl g 1.1g - ef era ed. [ o] n
franes. ( 202) ahsh o AF 35 a0 ferwePE SO A oS SR BRIRES BACdREAER"
W rel ess cl iesdagekeiec errgdkdd) tol indidate whtthentsaide hetesaipdint §0BShasC bafiredes an
indication of said preferred peri OFI, and said wreless client device (400)
and said acteedeashpRe/oy teyiicast datan (41 fEdogyrciess \lipw dedces| Batpreaiesrifet wor k
st andar4. 9p0\;;gi§sa%%ﬁg. of claim@8, conprising: receiving fromsaid access
poi nt (102) a response that said request was accepted or 20 a response to
said request that indicates a different period of beacon franes (202)

accor di ngb.t dhewwiirstess olidnit siewne (4000 eff iclagm \b, whafdin said pdocesdor (404es sragesd when

i n power-, save, nmogde. .10.. The, net hod of c{f' 8 or,claim9, conprising:
adj ust i ngt°§§l“a‘ %}cg?rgfngng%?‘? gqfo&ﬁ%}cmr %bﬁ?@&ﬁ?tw&- consi derations; and
25 transmtting a further request, where said further request is a request

to |isten.tThe wiedlésy @liynttdeaichi(400) tfictaathi 0 RhdRS HAE prodbfifel chnsidbribetare
preferred period of beacon franes 202) when in power-save node. 11. The

met hod of EmgedioempRIse pehres dvel ﬁé%ﬁm@é%mvemsaidwd@ess sHfmidevige char ge
| evel t i d.wi clier i 400 d/
o expi GO Clitled RaPOBALITAY hid bl BIeGRILARRL A8 °7 100) ) 16752 A

nmet hod of transmtting in a sequence of beacon frames from an access point
(102) ded.i venythod af sérclinga raqatstdrorme seiages clientdddvicer(dif) tpemi saedsss pbitteacon
frames (28 faor different.wrel ess ci.ient evi ces (&120, (122, 124, 126,

128, 130) erg é;ﬂd JEmEst fse?ltrF‘lPeSt to listen to delivery traffic mdicafion messages

according to a preferred period of beacon frames (202) when in power-save mode and a
ReceiveDTIMs parameter of said wireless client device (400) is true,

15 wherein said request comprises an indication of said preferred period, and said

wireless client device (400) and said access point (102) use an IEEE 802.11 wireless

local area network standard. _

9. The method of claim 8, comprising:
receiving from said access point (102) a response that said request was accepted or
20 a response to said request that indicates a different period of beacon frames (202)
* according to which to listen to delivery traffic indication messages when in power-

save mode.

10. The method of claim 8 or claim 9, comprising;
adjusting said preferred period according to predefined considerations; and
25 transmitting a further request, where said further request is a request to listen to
delivery traffic indication messages at said adjusted preferred period of beacon frames

(202) when in power-save mode.

11. The method of claim 10, wherein said predefined considerations include a charge
level of a battery (420) to power said wireless client device (400) and/or an expected

30 usage model for said wireless client device (400).




wi th said access point (102), wherein said delivery traffic indication
nmessages indicate 5 whether said access point (102) has buffered broadcast
and/or multicast data (210) for those of said wireless client devices that
are in a power-save node. 13. The nethod of claim 12, further conprising:
if said access point has said buffered,data (210), refraining from
discarding said buffered data until eaCh of said wireless client devices
in said power-save node for 10 which said buffered data is destined has
had an oplorfumithed elptransmitéing iwa seqhehdesef heacon Gfhes pmdincageéss pomt KRy e

i ndi cating,the pregsenge of said buffer. data.. 14. .The nethod | aim 12
or ot ai mGESVEF, PREE TG Bt SRistpetl ot ol o adtiob PR PR R BE
sai d di ffdifferht WircRke8Bert|deoRs (20, ae3, (212026, 187,130 4ss0did@d cbaSurreh@f) . 15
15. A wirel ess communication systemincluding the access point (102) of any

of cl ai neWith sgid agcesspoint (182 twherrin whid edediyeryctraféiptindieationemessagsp 1adiede di ng
to any é’fwﬁétﬁ‘ér”@agdg #c%ss?)goiglp(l(ﬁ%%gIﬂhffgrfég)igﬁg%s% tﬁgﬂo;%ﬁ&@? dhtd, (3?(1)8 ut er

code neans execu a "~ processor ccess polnt of

any of clihbssofkaidovideléssrcliemleeitenthange i powed-find nafdeany of clains 12 to
14. 20 17. A machi ne readabl e medi um conpri si ng conputer code neans

executable on a rocessor (404) of the wireless client device (400) of any
of clainsls ﬂgryeﬁﬁg&o&lmm AFOMRESHEt hod of any of clains 8 to 11.
if said access point has said buffered data (210), refraining from discarding said
buffered data until each of said wireless client devices in said power-save mode for
10 which said buffered data is destined has had an opportunity to listen to a delivery

traffic indication message indicating the presence of said buffered data.

" 14. The method of claim 12 or claim 13, further comprising:
negotiating said different periods with said different wireless client devices (120,
122, 124, 126, 128, 130).

15 15. A wireless communication system including the access point (102) of any of claims 1

to 4 and at least one wireless client device (400) according to any of claims 5 to 7.

16. A machine readable medium comprising computer code means executable on a
processor (304) of the access point {(102) of any of claims 1 to 4 for implementing the

method of any of claims 12 to 14.

20 17. A machine readable medium comprising computer code means executable on a
processor (404) of the wireless client device (400) of any of claims 5 to 7 for

implementing the method of any of claims 8 to 11.




