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) is ajdevice 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
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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 incluges an indication of the preferred
period. The client device and the access point use an | EEE 802. 11 wreless
| ocal area network (WLAN) standard. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0008] Enbodi ments of the invention %ﬁﬁwkbhg§trated by way of exanple and
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[0010] FIG is an illustration of an exenplary sequence of beacon franes
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ordinary skill in the art that the enbodinents of the 5 invention may be

practi ced Wogpldar thesdiget desicei fic details. In other instances, well-known
met hods, procedures, conponents and circuits have not been described in
detail so H)é)()’ﬁbf[ 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, respectively. Ngtwork 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 Digit i i , Asynchr onous
Transfer Mode (ATM net m%ﬁﬁégﬁmlﬂmﬁ&:uﬁ% ;> satellite nodens,
Integrated Services Digital Network (1 SDN) gateways, T- carrier 1 (Ti)
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of exanples for antenna 116 includes a di pole antenna, a nonopole antenna,
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a shot antenna, a dual antenna, an omidirectional antenna and any ot her
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15 dimensions of some of the elements may be exaggerated relative to other elements for

clarity.



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 |local area network (WAN) stationary 10 units, WAN
add-on cards, WLAN personal conputer nenory card international association
(PCMCI A) cards, WLAN PC cards, W.AN switches, W.AN routers, W.AN servers,

gane consol es, digital caneras, % i as, television sets,
wireless Internet-Protocol (I PP gb%ggmﬁﬁe [0020] In this

exanpl e, APW]% aniﬂt herﬁﬁﬁl ient devices are all "802.11-enabl ed", 15 which
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ot hogon§| “E’FBE%W%@W@F%mP&fi%ﬁ%ee%ﬁ’?ﬂ&%iet@.ﬂi- [hothgymstancaspysll-knawar
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Frequency Division Miltiplexing However, 1t wll obvious to ose of
ordi nary ski dbscime thhrembedimeoty afehempderftiont he fol | owi ng for ot her existing
WLAN standards or future related standards, including 20 802.11n. [0021]

The 1999 efllSpn oFigure 1802 ad lillattanidar of aASexealdryr sotndniogiohd, sy2R63)100
ture W.ANs and _ad-hoc. WLANs. The fol |l owi ng
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units bet V\?ﬁprr}a‘g}raglelge Bgr? & ‘téﬁﬂglﬁo%séy%&d’j I%? SAli iOZ. 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 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 include a router.

25 [0017] 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

30 102.



referred to as a "beacon interval". The format of beacon franes and their
contents is explained in detail in the 802.11 standard. The beacon
interval is included in each beacon frane. 5 [0023] Each beacon frane al so
includes a tinmestanp which is the value of a clock internal to the access
point at the actual transmission tinme of 4he beacon. Due to use of carrier
sense nultiple access/coII|S|on detecti on ( CSMA/ CD) technlques t he actual
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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



beacon franme indicates buffered unicast traffic for that client device. 7

[0027] In Power Save nobde, a client device is in the Doze state and enters
the Anake 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 PSgpoll frames or (for CF-pollable
client devices) to receive contention-free transm ssions of 5 buffered

traffic. [ acges oi.n intain Powe agenment status. for
each curr e%ﬁ%ksﬁgeggéﬁ(gt 3&8 8”%’?1{&[&89? Blél%st ﬁwe?lh{?fgliéggﬁago nﬁ“ﬁﬂ?’éﬂop’m 15
Menagenent mRgedttheasca iBédcon GR¥HAE". | Fhé WomeR I YbeARR! BhinBY an®PIRENEHIMNNORs t he
Power Managenent node of the station, the access point tenporarily buf?‘ers

traffic des®ikéepdiigdetaildndhg 802 1 dgendeed. Thebecor sderval ip piohdetirianadh tescon
buffered uny t traffic to a client device in Power Save node only in
response to a PS-poll fromthat client device or during the contention-free

CF [ ' th f CF- pol | abl | ient device in P S de.
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maxi mum  nuplRefal @f tHReACeR :EJO’Mtea,rt Y Scthdd q}an%}’sfsi%ﬁstﬁn@ ?,%'1 ﬁ{eecie?a@(ﬁl. Cglug @{): ggéax% ce.

awakens and |istens for 15 the next beacon frane. e client devi
i nforms t heagess esppsponwltiplsf acdess/tdlligor ndetettionveISMpACBEtEmiqlies] tige tabal

associatio i.th the.acces ojnt.. The paraneter may be determgned, for
exanpl e, bgra%%mﬁl@gﬁ%%n}%\%& a%ﬁ&}?ﬁ‘ﬁg? it%ﬁ?tgé%@?ﬂ Hapeustan ger- d onspguenly; ent
devi ce. [ OGRIIMERBMACRARS Bf BRI HrhchiBFaRB i AF6NGId NG iBNadi dehehRsRUTened
traffic when it has 20 been buffered for an excessive period of tinme. The

agi ng f Ufct’} ekient depiss sepcbrng e bepgast ame mall apdate its paternmbtlork aswrdingtto the
buf f er ed t'ﬁﬂ{]efsf.aéq.iﬁtﬁg{e%%i@gﬁib{;a%gn 4 eeri od that is at least as long as a
e n ¢

product of t acon erval an e "Listen Interval" paraneter of the
client deyj for ich the graffic is,buffered. 031] . The cli ent devi ce
al so has aY(ggzgﬂ eanETégl? ;t_fﬁ?f(@} ,éaér?ﬁi ﬁoeHlGhFﬁg’ée?v ag*ﬁ[ %Eé?ltl%?\g\m (,(F;HYI% fg‘é‘t
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awaken for every beacon Trange
[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
reccive 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 wreless network may have copflicting requirenents for power
consunption and comruni cati on throughput when in Power Save node.

Mor eover, t eed .f bat.t er owered cljent devjce may
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access point. Alternatively, the I P address of a client device may be
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"association identifier (AID" to client Vi ces assoclate
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appropri at paréber MaiOVRS sassociation 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 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

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 gaf eway nay have to resolve the MAC
address of the network devi ce associated With the particular IP address in
order to i b Qﬁ MAC address i.n_the |nforrrat|on frarres and to send t he
i nformat i o B HEVIRRS Wof RVIERLSSS dstworkamay have gesilictipg @ﬂ/ﬁ&‘efﬁﬁ@s for

generate amoARP E(ﬁﬂﬂﬁlﬁhoﬁ’mﬂxds %ngﬁ%u%ﬁ%ohh%gégﬁpﬂg:wﬂr - Clgg\{vgf a&?s mode,

I ncl udi ng the access point, treat
network d é\dpme%ro thec héaginfor gewicc saviag daiabatrvpbWwetel eclizat dedc diayt ihcfeasd ng

t he partlcul P a respond to the ARP request with its, MAC
addr ess. ﬁbgg}f 4 gg%gﬁﬁ%% rg?%nsar‘?" ESERE FERmUBIcation thronabpnt epnsiderations fofpy

be abl e t5o thgggfﬁﬁbgwg}'gglyﬁerﬁtdeqbgferent periods of beacon frames for
different wireless client devices associated with AP 102. In other words,

AP 102 may | @@@bl e e Hﬁ%’ %@lagbérs?&g ﬁt”‘flse bie BT SMrQerl Odstsﬁ%leagf@/{ vgg}r,lg(liess

client device basis. peri nay PHCT E4:
savings in Qmmmuen@y]shﬁfm‘émtmhebuﬁevw 11@%%‘;‘ Savd Motle it all tvireke Libofor the same

comuni cat lbon tkr}réa %haﬁﬁt and vice versa. [0039] AP 102 may store
one- t o- one %638 Prdingeig ghe s elsr DI RYiRerior o Saiisntly.ch neteioghmapsgermay

periods W hBedN DR cetthe cGi&He LGN ts TS d% the
foll ow ng mappi ng of DII M pérl d%aaln%ﬁe;ﬂ E)g& %@é@ﬁ&l%%S ?:%?{t%ho
126) 310 (irpaghpl0)wign3in( PlDﬂerlﬂﬁbe nmiddé dfl dipghodetlizdy) i@ wirtlesd hplanle villﬂatﬂa) 1
6 (laptop 1 00 eV| ce in Power Save node and having its
"Recei ve D‘lﬂ‘?rrg\)igu[mﬁgg Q?Qﬁé{e ?n AEFPSRRAIG | | awaken from Power Save node
to listen h% gfaco& at a ?
3 urrently, a client dev1ce that has its “Receive DTIMSs” parameter set to true
and 1s in Power Save mode will awaken according to the DTIM period of the access point
with which it is associated in order to listen to DTIMs and determine whether to 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 address, 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 IP 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 identifies 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 nmay
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 has blgfer 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 client devices in Power
Save node HELVHEdSURVEDEYD EFitcEafe 138 MRS &sfluestoand semdnti tedfheayarinys tswork
presence of B gL | I ti

exenpl ary sdgg%gsﬁgg&g]&ihgg%%%%& Sr}Lacr%gg%]hi@ ?’lr[“agrgﬁg 1'tt ta %gﬁﬁwﬁﬁﬁ& , F‘g}%clgefrt‘ﬁ?l%g to
sone enbodidesive {onflienhdevicw assbdéioted vEtcthe hecssopoib®) havirgniae paficuhe MR dédrea

TIM and in _certain beac frames,.the TIMis a DTIM For exanple, |aptop
122, cell pﬁ‘&??’ereipé’é’gé?lg’el:’% IqPigstanidh 18 e pdHiEss n Power Save node, with
DTl M periods of 2, 8 8 and 3, respectively. Laptop 122 w |l awaken from
Pover SavdO%ifle t Aacpuding, te enprmbRdiment \dr e oinkerrtione #db il 02r mae, beagble to

i ndi cat ed qyk%qfso im|ar A Wigl | .. ken.from,Power .Save
node to Iig%él g%h{to dlﬂﬁerg\} ry td %1%4?3&@8%;2%%}? Sff ?radr%e%‘,é\r%ggwilr |Sc%11feélg%%‘§}ces
arrows 203.assSicimtddawityt, AR @D2 plinwehet 26oras)0APDA2 128 bé hble tavakenid Inaepdiavar
Save node tD %sten to DTIMs in every eighth beacon frame, as indicated by
arrows 208: QE REJods o aohe rdessi dliepfpdoyiee hegise iy BighanD ARS nesigd aaay ipesassr i or

to beacon 204,40 ' o] o] h L Lce
associ at edft%\;i@'ﬁo teAr%giOgél?gési ‘rillaPzdv(\)/eliwr;B ?Sgé%guﬁﬁg , rbilg %8% %#%nltlgg}%f gér%l\é% %eﬁiﬁRP
r equest 10[ oomzjuni@tid® throwmghiput, aod wibe viersat he DTI M of beacon franme 204 an
indication that broadcast data is buffered, and will transmt ARP request
205 fol | omM00§9beacair ioameay 204 oREA-33O owidnle-tadesNmbepihps b€ Nndibatidne dPTI M
of beacon frane i)QflIg/IW .l identify that 15 broadcast data is buffered, and
wi 1 romai AR periedsyitinddDF e thestliepbdeviess) Sar mpmpeatBr 0f magestoma.
Laptop 120 160 HoShAdh ). listen to the DTIMof beacon
the%%l&xpldgsmé lﬁ%]ﬁfaﬁt Y‘%\%r %gxé&@st ﬁldl )S(\IELS

frame 204, wll identify cast uffered, and will receive ARP
the bri M of b ay bR oG cation that o Ao tneludedn
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 transmitted 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 DTI M 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 includenan indication that broadcast 25
data is buffered, since it will be listened to only by laptop 122 and PDA

130, both i.ch haye al dy had an . opportunity to listen to a DTIM
i ndi cat i ngq%a}%e\,\gbés%a&éeso? ff&ﬁ%%%@@fﬂl@@@@%ﬁrwrswecﬁm ith@eDTHd. For
exanple, if i [ \ r2@r 09,
AP 102 wi | B or P g R Y Ppls (2R e BORRA Sl g gy
Save node, WHNBYM pgriadp 0122 8, 8 einll B oespediR@lyanbaiRiiAd 22 2811 aavchkdd Gonil Bower
[0048] AP 102 wil] .include 1 he DTI M of beacon frame 209 an indication
that ~br oa_§%¥§{n° ﬁttﬁqisLenbtﬁf¢m%}n SYRY (iheT PeacandiAnie: ARMIeRiek Y 4105 20Rd
210 fol | awishgilReRTINA 150 AR 2%3Ren EBRLIRRVEL 22ve ﬁ%lglé %\%&%1 &f@gﬁ?ﬁ ?’5% agﬁrd‘“‘ y

awaken to listen to the DIIM of beacon frane
broadcast &atwn; Karheiffsandidatedrpy aidws 2@8maSmitanbk eclfplone rl€6 eind PDMRA 28ewjllest s

205 and 21 | owi ng beacon frame 209. [0 Since each of the ¢lient
devi ces i ngﬁ'%%el} f glvgow d a}ﬁeagmglgdtoéﬁﬁ%%cbﬁ%ﬁstgl Yy Ieigg‘lﬂérli’e‘fct?naéﬁ?‘?’l\ﬁs
i ndi cat i ngiddieatit BsaRees ofs. buf f ered ARP request 205 and to receive ARP
request 205 thereafter, AP 102 may di scard ARP request 205 after

transm tti pgpgd FeAELSEn120F AP! | coppf : 102
wll also p?cl Ege in the B M%l? 182&%%%2&&%'[ %Q%Pgéﬁ({)%&t%%létﬁ%ﬁe
br oadcadt ded.dh¢msibed dtdeastl onantitheidlient deaitsnssodRRdrelju APt 1210 ifi Bbivembang

beacon fra 214.. ~PDA,13 i || ken to listen to the DTI M of beacon
frame 211,%&&&85@@%’“&3‘2@6%%8% data is buffered, and will renain
awake to r ive A quest. 21Q fol |l ow n beacon frane 211. 15 [0051]
Si nce eachlBF4] e g:?’@ ie(ﬁ’t Wd@m%lé ¢ ith Ul Vs gy derronelipag Mdaraﬁlw%@nttbﬁi ty
to listen b@adcd iMaiid HueREddNdnd Q@ill%ﬁﬁﬁlﬁg R fzreﬁg{/sft %F)gc%oﬁ‘g{g}&{%g@éégéﬁ ﬁ%ﬂn% and

to receive ARP request 210 fhereafter, scard request 210
after transf.t PPAgI HRPIll pegendd 120 tb ohd DIV ftieacanfrima®®4 24l identify 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 opportunity 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
exanpl es for processor 304 includes a cepgral processing unit (CPU), a

m crocontroller, a digital signal processor (DSP), a reduced instruction

set conput RIS nst ru ut e and the

li ke. Furt h@r34 re %% @P Olﬁ‘ Wﬁ&st@?ﬁge?e%‘?n p%é% é%tlglqiﬁa ueint i ¢
i nt egr at ed igbadeuittdaleASIHGHeRH é'iﬁv e AR PO ! I

st andard product (XSSP) e00i53 VX\P t1rgnzsngailfiso i ﬁg%&asggadn?m@rlogaﬂi‘gggrg&&n

interface 30Eacdfpl baptep 1 Z,Wdlebonmbz@mwlaenm&wubawm to Thseenvio rtbel DTIM

net wor k(' s) er. net net oke

Uni versal Serra a‘%%%liafr E@)w%ﬁ@gggrhlé \kﬁ?qg(:%t éf’?‘]ﬁﬁrﬁ& d?‘ﬁg W%E"El EYFE 30
1995, IEEEtdB&éﬁerAQQl@req@tBﬂs bEERA RIS Qénfrgxﬂmm y known as
"FireWre"), or any conbination thereof network interface 306 is

able to USEO(WQ] ed sgRNGeh HPRS: éll%t agﬂcé‘s]ﬂ Pojvger §a99 *HacRagdhAq %g%ggggum%y

processor 304 may be part of the same Integrated circurt or in
i nt egrat edt@ ﬂlsf@ult@ Q. D"Bﬂ\mm@pzhtmg the peesssar oS0 faet ARPY &duemtz\(ﬁrdndaomédemel er

ciroul o, pobiis 05 aPTr AR TGS G Tarb AR st bR e hr R n

or renovabk&ue§ 205 NMNnEBRacMriny 2310 may be coupled to processor 304 or
partly enmbedded in processor 304. A non-exhaustive |ist of exanples for

menory 340[d¢30) ude@ panyh wap S0 E}ﬁ: L'lcf%rin%e blﬁMf & ﬂegxgrpﬂartlw %H‘lﬁ(ﬁgg%}ﬁgt

devi ces such as registers, read onl
el ectri cal bsﬂaéqmsdbﬂaels ;hllé@t@lmﬁlvellrtemwmmqmw 21ﬂ!CfoﬂerrrgeBea¢EE|HBfﬂV9

fl h d | t | d
Cymonr oroual by Pl B wi Bintetb st ns Dot ecan e o | Fubiden o g o
random accheademneaty i§ RARAM, Qﬂvdvﬁﬁl%ma@'@b!@hl@e todREAVE AR (bt ff%%ﬂ%!v&%xé)

devices, static random access nenory (SRAM, universal serial bus
rem)vabl e h%%%liiﬁan@r?dlt he |ike; 15 b) optical devices, such as conpact disk

read onl g/ menory
[0051] Slnce 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 baseband 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 client vices associated with AP 102 to
respective | P addresses, and mappi ngs 3147 of MAC addresses of client

devi ces as jated with AP 102 to respective Al Ds. Meno 310 may al so
store onei{?@‘@ne &adignd @‘%ﬁﬂ}esﬁ‘éﬁf? Y@i@aﬁf"flﬂilﬁjﬁaé%q F’é‘?%at@‘i CPHIE & BNt

DT! M peri odspthit nBrafd el { d
that this i gp nmer en Ergn exg:rrp gﬂlf%g&%{?ﬁ%ﬁ ald @%Q#QXJ&%&%&@%&@%S
MAC addressw@milrﬂd?f th@m@rmcbcmiustmrpmswatdtemteg%htbék:ﬁamtsvel y, any or
all of these mappings may be stored internally in processor 304. [0058]

Menory 310 [0685] al SAH nol uie iaclodés £ mhétgor§y30EeMhBABnTa® et BX&1 inN&OfBnErable
traffic destined for client devices. For exanple, data 320 of incom ng

traffi :c c éaﬁoﬁépéblw andemeedl @ mat fer equpigsl toyBrospssan §04 rmeqaﬂboambmld@ ignal s
322 8 AP 102
or. Wi T ?H) Qgstoﬁofdﬁ COAltIliqu el-: austgs%S hﬁlg{ Séxg%%?és {'or 815%1 ?}( F{M 5, Y, d,

may maintain 1 n buffeéering system each
i.e., for eaabinBiddbpibeifeltbvingt s currently applicable to one m)re

client devices in Power Save node. For exanple, as AP 102 recei ves ARP

request 205 prior toapeasanfiicieeddldes( filclUie red)sterPlaldRs, ”Pe)édadril?(iﬁ’érﬁory
buffer Ato store 5 ARP reg\uest 205. AP 102 mmy set a counter

associ at ed wi t h(B@Mermaski BQ¥e Q’/@Iﬁlﬂ@ﬂx eragghle rprpgrameabﬂ@traad mivbenermr}’DTl M

periodsfhat ar C 3_shows

mai nt ai ngd for Eﬁﬁk% @E M; ﬁ%fﬁ %mg& %XlTé’ZnOﬂ V?la% ang“ioemaacc%%lnﬁ?r%?ryt o]
buffer A (or an;le\otéme(N\s’RlAtM I@nbhldh@@st idpfarpic Rabtber aoA‘)ess dni&y| (SHBAM)I
DTIM periods 2, 3 and 8. %60] Once the indication of buffered

br oadcast data ﬁ%"sc%eWﬁMSu i rlenpFtaess Bremosy (BRRANMdeviozs, Grrbleh

will be |istenegyt oy @ID@Ny Oﬁf"og@w ic? ritoM REELS oﬁl%jt 93)(3%& to

request 205 has been trans tted W hg beacon frame
buffer A is renoveersilrsernittve (USB) rémovabld ivkiperi, and thedikd; count er 324 i s
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 AlDs 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 igydecremented by 1. Once the

i ndi cati on of buffered broadcast data has™ been included in the DTIM of

beacon fra 9 ich w be listened to by client _devices having a DTIM
period of 3?‘@8 REP eff&’ E}B%?n SMAY SRS AU Teaae isystewt ISglitie &on

frame 209, eh&l?“a%’i'v@’t BT Il(/pperf%'df 1E1 fofh echéh D?m*’&%%]ﬁ’dﬂé E'lﬁrén'tl taggﬁéabgrﬂol\éne

period 8 and counter 324 is decrenented ce counte I's zero, AP
102 is fre@rtmorée(diehbda‘tleesbunf PwerASaradmddsca%d eARRple; g UERt10205ceif308RP

Simlarly, 02 0 t f 209, AP
25102 may AP P GG et O6 CAREe Aot Bat0 2220 AEaEgm gk Beriom
counter 32 @Rpﬁe%lﬂéét@bgd AA’ ihy f?l'd%rfs&ra &uh@ért?@@ a¥§6'c d%ltlf‘guﬁfgz%% k}% 0\‘@5\{4 ide a

pointer to buffer Bin the perlo Once
t he i ndi catha¢h @fthﬁdf)faérr@dlbbr ob dxEM pdla@@ ‘dna‘s atee@nrently | ‘adeek”i anme(aBI@lM of

peri od of - 1" ANV el IEURR pelodroh i ha it 187 waldnala s

request 21@oines tbariffet ARG Ayt el Qlifapld 1ﬂ&c§t‘i‘<§1§ Qf'bﬁﬂ'féinﬁ) %Qale fidie rpobpigr to
buffer Bis rem)ved fromthe list for DIIMperiod 2 and fromthe list for

DTI M per i oBc®odszad 88 @nt er 326 is decremented 14 by 2. Once the indication
of buffered broadcast data has been included in the DIIMof beacon frane
211 (mﬂ@hmmm beOnps theradicatonoyt lniffeeadbrdeddaeteﬁtehmsibmgn ancliideip érel DTINMF  3)

and ARP reg 210 h n,transmtted foll beacon fr 11, the
poi nt er to uafc?n a’éle%?ﬁgﬁb ?lf (rj?ﬁﬁt‘?ﬁ t?g P‘F‘H?l% %“B’é‘i‘g 6?’%@09&?nt er
326 is decpesmmhAR® Byudst 205 @!sc&eﬁQi:hﬂ"slﬁfttea%@llbﬁlrxg%egcorfﬁaﬂig%Oh Sth ?@ﬁltéI‘QO
deal | ocate buffer B and discard ARP request 21 0063] Figure shows t he

lists in bbM¥@ErdAyresgated ian ghg bstidheDd; I@r@ﬂt%andﬂmnt@@é% de@aBettad byeen
embodi ment - AP TS eah B SnBERS IpHAAT L Dar aRes e ST ofach
client tevbeeon ﬁaﬂa\m)ﬁ (Said witide: listieltaby chedthiRvickd BiviRes DITMBb a8V 1)
and ARP request 205 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 wth a counter that is set tolhhe total nunber of client 15
devices in Power Save node that are destined to receive the broadcast or

mul ticast data. _Once a DTIMindicating the presence of the buffered data
ms boon i 1 S GUoF e, PisRii of PR Dopcnts et i Pdeen sl dedHASN G AR of
transmtte 1 : > I . I

Lhe 115t s areir RmBE1E AenbRBE0Be |SRIEL /by Jith: (LRTRIESIEADPRIBLESA IS,
DTI M and deadesBBseqimst 2blihbebednytratsmitiedriidiovdhg deacnt fratey i2¢ &sthe halnteetoe 20

supposed t en to listen to,that DIIM Once the counter.is zero, AP 102
o Free to MR ‘868’%18"?451%0%! sk B TEUM Berictha i Seune $Huistpreaialsddat a.
[0065] Im any Ofﬂf:e TcBiﬁ%@r e AL OB U, 16 ?sclvﬁéé% dgzgf]()cg@:yb B &nd Rscard ARP

transm ssion o DTIMs at different DTIM periods for different wrel ess
client deviregwsstdllaccessing buffering system 318 and the AID - DTIM period
mappi ng through data signals 330 and 25 control signals 332. [0066] Figure

4 is a bl o¢B0G8]agr gt 3ahoex eiedisty iy tiffeBing speath Ge8 iMeRetAde Bfert ARB OEGRIest
enbodi nent e inventjon, A wireless client device 400 includes at

ft
| east one iﬁgélﬁﬁ eenggaeTEssihy 48 108 bat palgrebesgon figmie®9i n turn is coupled to

a processor 404 having baseband functionality. A non-exhaustive |ist of
exampl es f 9004 oceds spothouembedimgats AP ¢8hmray m3Mtain die buFereg systam GEPUsts a

di gital gi rocessor . P educed, i ngtruction sel . co r (RSO,
o Sorpl 48 Wikt PRER Ryl bopS SFH LR, nSPHE 1 e i ERETH PRl
processor 4fidodimyenbabpa; tAPOf02amagpbéstet ibaffes PesH fdcsipt Bf B@aatRtoemultivatt

(ASI C) or gay gg a 15 part of an application specific standard groduct
(ASSP) . Raflf'¢ #92Bhicprlecavsser leohe alegatalbydfr onbant ofbersanableindigiinnedf
circui t i ngRepff ek JurtpInahedsGl %)F'ﬁ#et Sliek A96iELs  P&ERL %f%' rﬁ&ié 0@.al Sfn
i ncludes a nenory 410, ich may be i xed iR of removable from cfien

devi ce 400allddatanlr buidrOisnesgodigted ovih adcduntgprihatessart td Qe aotal aupdet by client

it T e DT ARG - R I
registers, onaé 6 MeeM 1RBERBtHe PREQIY 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.

[0065] 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 randon}l]gccess menory (SRAM uni ver sal

serial bus (USB) renovable nenory, and the |ike; b) opt| cal devices, such

t disk d dt I K dc
magnet | o ddtcs i SRRl FRicistret Ritduce bRsSEN <kidia 4abginet Pecekpeo and
the |ike. [QB68d pdef OCBS S8he ﬂl@égr&@&'cﬁ‘&ﬁ?ﬁlsseﬂﬁiaé 11?116@1%1%%1 diftuffnory 410 through

data signals 430 and control signals 432. m)ry My store an

i ndi cati on | r I 4 o] ent 400
when in Powg(?mZap Qflf‘ey %gx}egr;ér ﬁ%oﬂﬁ%&gt ogleeglg’ E]l g’um@‘ ard? ¢ Sdtz’ﬁﬁ%vgll fe
for the pretmovade Iﬁr'l')lrrMcherftldBdlceTét(@ pMafngdry ed 0GhhMbp @loupldd tﬁ’?fo&b@sor 404 or

configurabl e P}y ab%f .of client device 400. Cient device
negot i at 8 PRELY BPefdsd in paosRRtoR 4RB Yo Rnosrchastize lisppf ﬁaea}nmgﬁg&ma@réom%l%ﬂ M

period wit lfhd?\?de%%ﬁy@&n?fnlaﬁoﬁ BP’th@? %ﬁmg“ ons change. For exanple, processor

404 may adjust the preferred riod of client device 400 according
to predefined consid an; exhau tive l.ist f, exa Ie for such
consi derations incl ugzasgh?(%%du eVlC? Sh 8% TS éa(r%thehﬁe o HEviBrPhe
client device (f(ROM);anmpﬂe ROMnCél@cﬁﬁtd]E/ %f'h@a‘tﬂé eh0Efa8tndPI¢ Mep@rdd¢l @embRe
charge | evel drops an_expect ed usage nodel for the client device; "and

30 ¢) network péﬂPYa}ﬁ%?t FsPR(@M) E%S&n@ﬁ@orsdé@gchhéomp@»méwramémm;%Stmernm

address g MAC ag t
request ’>§) 16 [g‘%Géﬁ9 Cient @n}c@@nﬁﬁ%%&éb@o i n g?fngg\%%idgem?nﬁﬁp DRAM)
preferred DTIM pie‘t'lchdRAMIBt&& Hptanvielryndaoh iaecdss 4fhdrg (RORANN SItviced dorgléest

to AP 102, Wnerg the re is a rﬁq‘ﬁest to listen to DTIMs from AP 102
at the preferred®Baf p Wﬁwyi Ber SLalif, danmisie. AcCqtie BB SR be

generated by pragiessarsefifmand s aassvities afh e Upon 5 receipt of
this request, AP 102 rrgy accgpt the pref erreglﬁr}bT ;?Ae]@%éd 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 floppy disk, a magnetic tape,
and the like.

[0068] 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 period 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 IP

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 period due to nenory constraints orgther 10 limtations. [0070] Once
a DTI M period has been negoti ated between a client device and an access

poi nt, the SS i n del ay. i npl nt ati of. the new tiated
peri od untllﬁﬁggf t eP&ﬂGﬁ’_i &g’#ﬁegé@d r'a Q%Q‘gfi g@ed’fﬁﬁ M%@‘F?%ﬁﬁg/g RsE9ded.
[0071] For gxammily, lib@00devd 68nshl0a PaYicktSS Y& Poﬁj%égefllaﬁmg Ot is falr@fifest 15

announcing its preferred DTIM period. In response, 02 may respond wth
a nunber. teflisterdo BiMyesrfrang Agt Ed afrthe praferod 2GMipetiod Ghett hePowdreSame miele.

t in b i nt | th Tl M i.od will
ol ement oty <] 35S B¢ Renes R b0t Al dngaranpifed e 402, vane
client deviregipthet thAPrdP23stt &Fechs hke aﬁeggﬂﬁgrf?ﬁéﬁl PEINVOFericiNghd B®:&lhent

device will have to send a new request. I'n order to support
| egacy cl i éparpig/plcids raplarred DIV perond fonthPoWir oBelicat dedies 40ARTIAR 10RymEave

def aul t j,0d. . DTl oriod 1, t is ipted in the "DTIM
e oat 11 oTdonE O rRRAE ot R E essblBls DR B G by el tivieor
or multicasto watwheny Poeet Savesiibld. ethid YatdP rdPendehayond itaBlcHIM AP 102 is

i dentifyi n% tlﬂe presence of such buffered data. 25 [0073] Wile certain
features offfHE ©ongEwertohentsaaesed P TIM wrariodt dee dndnament chestraitieagi ethermany

modi fi capi gASasHOsStitutions, changes, and equivalents will now occur to
those of ordinary skill in the art. It is, therefore, to be understood that

t he append | ai req nded. to cover all su nodi fi.cati,ons an
changes as?%" Wit |C§ % Pgﬁ{s/l;enp?ril?d g?'s %F%HF%@@I’ ﬁ%?"eiﬂz a ‘é}e&% fgvic 4 gn‘aé’t hod
in an accesscepopaoiit, (thOddcesd PeintrallyatdlSomRIIESEMEtiod bANRMWL RSghtihtdl PERRON
signal beacon frames at regular tinmes defined by a beacon m%erval;
transmitti HEtRier dicdangrsbalirady meapfiptest Dillinesiad hagipassed. 210) that is

destined for . _
[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 understood that the appended
claims are intended to cover all such modifications and changes as fall within the spirit of

the invention.



two or nore wireless client devices (120, 122, 124, 126, 128, 130) that are
in a power- save node and are associated concurrently with said access
point (102) followi ng transm ssion of a beacon frane (204, 209) in said
beacon signal that includes a | EEE 802.11 delivery traffic indication
nmessage, | EEE 802.11 DTIM to indicate the presence of said buffered data
(210); characterized in that the nmethodiAurther conprising: maintaining a
plurality of different |EEE 802.11 DTIM period values for different of
said w réla?ﬁﬁ: client devices, wherein the inclusion of |IEEE 802.11 DTI Ms

in beacon trames of said beacon signal is based on said plurality of
different |EEE 802.11 DTIM period values. 2. The nethod of claim1,

further conprhshdg. j L Qi N SR 91?prrijs' DTI M period value for a
first gr%up o%%%godo%n%ré%sgg’p&ég@)wtﬁ%gi ess cgs I engngdevi ces; nmmintaining a
second | EEE 802. 11tr@iFhittipgin o beacahsegnhbbeaaors famrdatgegulpr tifes defmedbyrior e of
said wreless cli em;[ dqyi ces. 3. The nethod of claim1 or claim2, further
conmpri sing: r&fFHE WA rom di scarding said buffered data (210) until each
of said wireless @Aﬂsﬁl‘f‘ttting%ﬁff&%&b%@kaét_%nél/@r sRltaROWRS 238Y BalRdgstied 507

whi ch said buffered data (210) is destined has had an opportunity to
listen to a |ERRrgOwe wirayps Miemdeviaes (g0t 2, 14,d26nt28, dB0sthathrbirf 4 poeet- dat a

(210) and has n ar.t uni to receive. sai. buffere 210)

ransmtted oy ool slEBeE M o hbSRly PR et FRER B 4
The net hod oftrankAisiiod oIt behédnfirane {2041 PEY) if QA besdonGignabaRt MchdeSAIRER i r st
| EEE 802. 11 DTI M period value fromone or nore of said 18 wreless client

devi ces in salld-Hlidebiveryiieiipe indiration meseagieANig: 81l DBt ingEEiegbe. 11 DTI M
i od val Wi Y k ; »
Second group. rERPERARINIRAS Bl ARATHIHRERT PAMBRE SRR =

conpri sing: meggisalgt ng said first | EEE 802.11 DTI M period value with one
or nore of

maintaining a plurality of different IEEE 802.11 DTIM period values for
different of said wireless client devices, wherein the inclusion of IEEE 802.11 DTIMs
in beacon frames of said beacon signal is based on said plurality of different IEEE

802.11 DTIM period values.

2. The method of claim 1, further comprising:
maintaining a first IEEE 802.11 DTIM period value for a first group of one or
more of said wireless client devices;
maintaining a second IEEE 802.11 DTIM period value for a second group of

one or more of said wireless client devices.

3. The method of claim 1 or claim 2, further comprising:
refraining from discarding said buffered data (210) until each of said wireless
client devices that is in said power-save mode and for which said buffered data (210)
is destined has had an opportunity to listen to a IEEE 802.11 DTIM indicating the
presence of said buffered data (210) and has had an opportunity to receive said
buffered data (210) transmitted by said access point (102) following said IEEE 802.11
DTIM.

4. The method of claim 2 or claim 3, further comprising:

receiving said first IEEE 802.11 DTIM period value from one or more of said



said wreless client devices in said first group; and/or negotiating said
second | EEE 802. 11 DTIM period value with one or nore of said wreless
client devices in said second group. 6. An access point (102) conpri sing:
an antenna (116); a radio (302) coupled to said antenna (116): a nenory
(310) to store a plurality of different | EEE 802.11 delivery traffic

i ndi cation nessage, |EEE 802.11 DTIM pgriod values and their mappings to
association identifiers of different wireless client devices (120, 122,
124, 126, 128wireleSlientdelicespn saiddissegr@04nd/ocoupl ed to said radio (302)

and to said nenor ich e i ement. t he net hod of an
one of cl :'il s 1 tg éem'f)g ‘é%tkde@]%g?‘ﬁ{l ﬁﬁ@lpégﬁfié’aluﬁﬁ@%f"ﬁe LArare cessy
poi nt (102) l@uawrralrégsealeh@d&ﬁ@esaﬂsalhﬁ%na%dpl wirel ess |ocal area network

standard. 8. A wireless system (100) conprising: two or nore wreless
client devices (120, 122, 124, 126, 128, 130); and the access point (102)

of clainmn.6 orT}fﬁrﬁbtﬂb(?of&ayeﬁler@demlﬂ@ rieadabtiRr BREpEONPr i sing conput er
code neans executable on the processor (304) of the access point (102) of

claim6 or 7 for |H?ﬂp%mﬂaﬁbﬁltsh@5%§%bl Dgil iodrielusfwigh enerer morefs,

said wireless client devices in said first group; and/or

negotiating said second IEEE 802.11 DTIM period value with one or more of

said wireless client devices in said second group.

6. An access point (102) comprising:

an antenna (116);

a radio (302) coupled to said antenna (116):

a memory (310) to store a plurality of different IEEE 802.11 delivery traffic
indication message, IEEE 802.11 DTIM, period values and their mappings to
association identifiers of different wireless client devices (120, 122, 124, 126, 128,
130); and

a processor (304), coupled to said radio (302) and to said memory (310),

which is adapted to implement the method of any one of claims 1 to 5.

7. The access point of claim 6, wherein said access point (102) is arranged to use an

IEEE 802.11 wireless local area network standard.

8. A wireless system (100) comprising:
two or more wireless client devices (120, 122, 124, 126, 128, 130); and

the access point (102) of claim 6 or claim 7.

9. A machine readable medium comprising computer code means executable on the
processor (304) of the access point (102) of claim 6 or 7 for implementing the method

of any one of claims 1 to 5.



