1 HANDLI NG BROADCAST AND MULTI CAST TRAFFI C AS UNI CAST TRAFFIC I N A W RELESS
NETWORK [ 0001] The invention generally relates to wireless networks. In
particular, enbodinments of the invention relate to power saving for one or
nore client devices in a 5 wireless network. [0002] A wireless access
point (AP) is a device that "connects" wireless devices together to create
a wireless network. The wirel ess devices] also known as "client devices",
comuni cate with each other or with other networks through the AP. [0003] A
client device may, or may not, be battery-powered. For exanple, a client
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multicast traffic and to transmt t roadcas
personal digital assistant (PDA), and the like, may sometimes be battery-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-powered.

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

devices.




mul ticast traffic followng a DTIM in addition to the transm ssion of the
broadcast or nulticast traffic as nmultiple instances of unicast traffic.
In this alternative enbodi nent, only those client devices having a
Recei veDTI Ms paraneter set to false will be affected. [0008] A client
device may adjust its listen interval parameter according to predefined 15
consi derations, for exanple a charge lev@l of a battery to power the client
devi ce and an expected usage nodel for the device. A client device nay
initiate a reassociation request to informthe access point of its
adj usted listen interval paraneter. JURRRARYESCRI PTI ON OF THE DRAW NGS
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multicast traffic following a DTIM, in addition to the transmission of the broadcast or

multicast traffic as multiple instances of unicast traffic. In this alternative embodiment,

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

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

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




wi || be understood by those of ordinary skill in the art that the

enbodi nents of the 5 invention nmay be practiced wthout these specific
details. In other instances, well-known nethods, procedures, conponents
and circuits have not been described in detail so as not to obscure the
enbodi ments of the invention. [0016] Figure 1 is an illustration of an
exenpl ary comuni cations system 100 acc@rding to enbodi ments of the

i nvention. System 100 includes a wireless access point 10 (AP) 102 and
net work gateways 104 and 106 coupled to AP 102 via wired connections 108

and 110, respectively. NeppEKDESCRIBYON OF e DAWINGsed connections 108
and 110 may all be part of a "distribution systenmt for AP 102.
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wi r el esdDepmbpdisncoerithhévestiar4ndnd 126 and wirel ess-enabl ed personal
digital assistants (PDAs) 128 and 130. Each of wirel ess-enabl ed | aptops
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wirel ess-eﬂg\bl ed | apt ps 120 and 122, wirel ess-enabled cellphones 124 and
126 and wi 1014Es. cRamibhe peprecisied of StMpRGYEEoRarselodiugaipn, elements

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

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

clarity.




5 wth AP 102 over a wireless network 118. Wrel ess-enabl ed | aptops 120 and
122, cell phones 124 and 126 and PDAs 128 and 130 are referred to as
"client devices". [0020] The client devices shown in Figure 1 are just an
exanpl e and other suitable client devices and groupings of client devices
are al so possible. A non-exhaustive list of 5 exanples for client devices

i ncl udes work stations, server conputers4 notebook conputers, |aptop
conput ers, desktop personal conputers (PCs), personal digital assistant
(PDA) conputers, hand-held conputers, wireless |ocal area network (W.AN)

stationary units, WAN add-on gards.ENpAY@Ersangl conputer menory card
I nternational association (PCMCIA) cards, W.LAN PC cards, W.AN sw tches,
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GHz Howeve FNHIEE of ordinary skill in the art how

to nodify fol L.ow ng for her existing WLAN standards or future
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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 modems,
15 satellite modems, Integrated Services Digital Network (ISDN) gateways, T-carrier 1 (T1)
modems, and the like. It is obvious that any other configuration of a distribution system
for AP 102 is possible. System 100 also includes a desktop computer or server 112

coupled to gateway 104 via a wired connection 114.

[0017] AP 102 has at least one antenna 116 and 1s configurable to support at least one
20 wireless network name, for example, at least one service set identifier (SSID). A non-
exhaustive list of examples for antenna 116 includes a dipole antenna, a monopole antenna,
a multilayer ceramic antenna, a planar inverted-F antenna, a loop antenna, a shot antenna, a
dual antepna, an omnidirectional antenna and any other suitable antenna. AP 102 may

include a router.

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

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

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




substantially regular tinme periods to announce the existence of and to
synchroni ze wirel ess networks. The nunber of tine units between target
beacon transm ssion tinmes is referred 25 to as a "beacon interval". The
format of beacon frames and their contents is explained in detail in the
802. 11 standard. The beacon interval is included in each beacon frane. 6

[ 0024] Each beacon frane al so includes aStinestanp which is the value of a
clock internal to the access point at the actual transm ssion tinme of the
beacon. DugithOARS e0DTover ar wirglessS aBSRIEUI1RI PRirdc&esabes! 1L1pt§szdeéxﬂct122),n
(CSMA/ CD) techniques, the actual transmssion tine may be later than the
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pendi ng. [Q026]. There are two different TIMtypes: TI n el j.very TI.M
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period" fi PEMChe catdes WIAN Rfptsardso W badc#ritchent WLAEN gonerswdéhANutresi ve
DTI Ms. er ri of: "D L d L. ansnit i, t-h
beacon, '%Fjatg%nél?-g# ﬁgéjﬁe%a %pgg?ld ?%Ig%%’#lﬁ}lw% ?eeor &la{n'\%ﬁ’ %fle%ﬁ%gaﬁségggé%%l n eﬂjs‘? g’nds
out the buPtetomd (IF) phaleashd dre likel ti cast traffic using normal frane
transmssion rules, before transmtting any unicast frames. 20 [0027] A
client devigo2iray Bethisexan@lAr 102 shidfthetrai deeivey ars bAt€62.11-Amaial”, whidne
client device is fuI_Ié powered; and "Doze" - the client device is unable to
transmt ofcapedet vickpgcaemyivaionsdhgrebeiwegromerin areradsnsardth one gibnele of
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15 (IEEE) for Wireless LAN MAC and Physical layer (PHY) specifications:

Standard | Puablished Maximum Speed Frequency -
802.11 1997 2 Mbps 2.4 GHz
| 802.11a 1599 54 Mbps 5.0 GHz
802.11b 1999 11 Mbps 2.4 GHz
802.11g 2003 54 Mbps 2.4 GHz

However, it will be obvious to those of ordinary skill in the art how to modify the
following for other existing WLAN standards or future related standards, including
802.11n.

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

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

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

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




client device. In "Active node", the client device may receive frames at
any tinme and is in 25 the "Awake" state. In "Power Save node", the client
device listens to sel ected beacon franmes (based upon the client device's
"Listen Interval" paranmeter) and sends "Power Save poll (PS-poll)" franes
to the access point if the TIMelenent in the nost recent beacon frane

i ndi cates buffered unicast traffic for that client device. [0028] |In Power
Save node, a client device is in the Doze state and enters the Awake 30
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node of $§ hthedimastasp field of thecheaeen fFonets qoéﬂﬁeci wntill the peiedl dragsmissiph pecudiesdi ned

for the clj g . C int. .transm.ts buffered unicast. trpaffic
Lo a ori enttabiFEEt HeesE AREBERSN R it PR alsoipRtnd FAS MBRERE 1o i
t hat cli entimdeningén the réstivaibehben @anté.ention-free (CF) period in the case of
a Cr-pollable client device in Power Save node. 10 [0030] The "Listen '

Interval " manspet eEaddfbedcil @ik aBE VA REGhffceRdicBeodReah THIND) MuMaskt mds
beacon interval s that may pass before the client device awakens and |istens

for the nebiant gereemior vareh urikest drafenis pradingeandrfudfermsl inHbe geeses poipbi Ahisof

its "Ligpe r " ter..dur.ing  the assockatd qQn w t he.access
oo RN coe RIS S0 PR SECTRY A Melldek 0F 95650, .
consunpt i owhphef noadasternilgedst ghffichepaldignt device. 15 [0031] The access
poi nt has an aging function to delete buffered traffic when it has been

buf fered fpo28 exTrs iaye twedifRde! TIM Wbes: TIRV a8l NRLL &YV IDITRMPagedant he
"Listen Interval" lgaramster”, so that buffered traffic’is retained for a
peri od thaitcludeya TIAERM cwunt’ofigjddthat mdipated howv afany Hicagunfiemes Hinshdile thed

e 4 g St soBa IR 2ol B B DR Sl Pl 1
centitleds" Reeait VAIMDES MSDTIM.  The “DTIM period” field indicates the number of beacon
mtervals between successive DTIMs. Every DTIM period, a TIM of type “DTIM” is
transmitted within a beacon, rather than an ordinary TIM. After a DTIM, the access point
sends out the buffered broadcast or multicast traffic using normal frame transmission rules,

before transmitting any unicast frames.

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

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

frame indicates buffered unicast traffic for that client device.

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

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




which is set when the client device infornms the access point of a change in
the power nanagenent node of the client device. Wien the "Receive DTl "
paranmeter is true, the «client device awakens to receive all beacon franes
that include a DTIM Wen the paraneter is false, the client device is not
required to awaken for every beacon frame that 25 includes a DTIM [0033]
More detail about the power-nmanagenent operation of the access point and
client devices during the contention period and the contention-free period

i's given ipoll Rame$ SF toP @FofyollalBl% @Qﬁt ddvisdsPRORCEVE RbAtthRsh-FrEOWRsnIRIGRTENt
in an infrastructure network [0034] The "Listen Interval" paraneter of a

parti cul ar befifsrediraifievi ce affect s the 30 particular client device's power
save behavi or regarding unicast traffic, and the "DTIM period" of the
access poi [(028hd tAe dcRessepuint Bilélirmihs paPawet Marxagemdfm githefor deohi cesenalfyf ect
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i s abl e toaPsqiotl féthha &lbﬁhgd@ld@-ﬂrMuﬁﬁé't&deonte@@iﬂﬁﬂﬂéQGFb Yeridl inftRE ek oFlai ent
devices in_Power Save node wll all e up for the sane 10 beacon framnes

accor di ng £&-noeblsichigntelenive in Beweipveandeent |y, a network manager may need
to bal ance the conflicting requirements for power consunption and
comruni dét {30} t hrﬁh@ﬁbw[femﬁmmhlﬁ MmmtelSaf/el qhirdne deivice| specifiesidhd ceximmma

w rel ess net i-gur t he of. an ccess
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set to truge nkRt B&oh Fraide. Fmesealeﬁaa@nm@rmslthe aNRKEPoiACOOItH NSk TteRa"DTI M
period of the access point with which it is associated in order to listen

to DTI Ms aBerapetce dwiipgthgiresosiation avitd thy access point. The parameter may be determined,

for example, by the desired power consumption/performance target of the client device.

15 [0031] The access point has an aging function to delete buffered traffic when it has
been buffered for an excessive period of time. The aging function is based on the “Listen
Interval” parameter, so that buffered traffic is retained for a period that is at least as long as
a product of the Beacon Interval and the “Listen Interval” parameter of the client device

for which the traffic is buffered.

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

25 includes a DTIM.

[0033] More detail about the power-management operation of the access point and
client devices during the contention period and the contention-free period is given in the

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

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

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




awake to receive broadcast or multicast traffic. That same client device
will also awaken wthin a period determned by its "Listen Interval™
paranmeter to listen to TIMs and determ ne whether to stay awake to issue a
PS-poll franme for buffered unicast traffic. 20 [0038] Each client device
has a uni que hardware address, for exanple a nmedium access control (MAC
address, and is assigned an Internet ProBocol (IP) address by a dynamc
host configuration protocol (DHCP) server, which may be enbedded in the

access poi e polel iR INYSloY of Eﬂ'%hlalﬁ &Qfﬂ:’é?%‘?‘ tHef wielbds! R olla¥EH8InTBY odRast
statically confl gured. In addition, an access point assigns an

"associ at | anf ingbasttiadic. (AID)" to client devices 25 associated therewith
and mai ntains a nmappi ng of AIDs to MAC addresses. The access point
i dentifies[@BSke cClianitdes®es ara Wareleshnethvorlt neyshdvef dorfleding meqEsimentsafdri c

by setting bits |nthe TIMs partial virtual bitmap that correspond to the
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Protocol (IP) addrésses to C addriesses. 30 [0039] A" network gateway may

recei ve frbattean daingr nutrridegwoeknomeaton rbroaghputf oonsiterasions rfanethe t latfegr-war d
to a network de%iﬁe sssom ated with a particular 1P address. 9 The network
gat eway mﬂ/)o‘ﬁ%{e CHE ORYEEve the MAC address of the network device

associated_w.th th icular IP address |n order to include_the MAC
addr ess ini‘%ér i ‘56!5%{%% PROERD PORN ISt 8PS efRd SR 9t & FaeleoR i %@3@040

the networ boﬂé\ﬁh&ﬁl fFferedd 11NR deviiRl %Y‘@MWE@X&VQ%%S&@% 2 wARE E%gf‘ﬁlét

send it to the various network devices, 5 including t e access point, mhlch
wi | | tréft béacomdrabres adeadingtte did single THEIM geviod.k Chieneindy a(mtwoﬂd memdged eayce

associ at ed W|th t he access point) havin e particular. ddress .
aspond + ontdic AebeEIEE SRRy Tepliaeits fRi Bl oGt ioR A IR
enbodi ment tebudhPer Wi Mhi Piver ABavk0modB b haRel AetieeLiy adwirble@ndemotk QFhen
multicast traffic as nultiple instances of unicast traffic, where each

i nstance i sonfugag theddBIM peried elay asserspgintg cli ent device associated with
AP 102. AP 102 will indicate in a TIMthe exi stence of each instance that
is destinetd0B3F a Clirenty, deaﬁenédévk@mehass'wéReqwateDTmm;”spfimdbwaBétdn twiiel |

be r epe?g ed c{ i i 'f’%%v%lg gzenpet m'(l)'hé\/ls will Q\twlall{ent ar};%o t% tLg E)CIIIMOpenod o'% the access point
with which it is associated in order to listen to DTIMs and determine whether to stay
awake to receive broadcast or multicast traffic. That same client device will also awaken
within a period determined by its “Listen Interval” parameter to listen to TIMs and

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

20 {0038] 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
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

25 associated therewith and maintains a mapping of AIDs to MAC addresses. The access
point identifies those client devices for which it has buffered unicast traffic by setting bits
in the TIM’s partial virtual bitmap that comrespond 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.

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

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




102 has caused the instance to be discarded or until the client device has
I ssued a-PS-poll frane or has received the instance in a contention-free
transm ssion of buffered traffic, 15 whichever cones first. [0041] AP 102
will no longer indicate in a DIIMthe existence of the broadcast or

mul ticast traffic and will no |l onger transmt the broadcast or multicast
traffic following a DTIM Consequently,9this enbodinment will affect all
client devices associated with AP 102. Alternatively, AP 102 will continue

to indicat €hé meBvdt! Midvs gsﬁzﬁﬂécﬁ) fsotvBen Ovi0ad@Rsd ofthd ki ot evice
traffic and to transmt the broadcast or nulticast traffic followng the

DTIM in a8peinied with the partignlemIB siddressfin tdrderbioondbus ttheo ™MAG] addresstint thaf fi ¢
as mJItlpIe tances of cas r af In.this alter e.enbodi rent ,
onl vt hove TEPERPR T e and b FERY bF Teloblia” Bres 8 b Bt R O Y s
will be af fl&%ﬁ@gaté\ﬁz@‘%hy Ebigbite aR ARP Afyubdt lab@ ket it Mhefvaﬁ&lsqiwwk&reymes
sequence of beacon franmes 25 transmtted by AP 102, according to sone

enbodi meft BeBKRgEe apsesnPeigh Wieel wilb &aridhas braadcasimaffine Tho astworkr dsyicatnt i f |

for exanpl I then in _eve beacon
frame, the nk/lqlﬁng %‘Fﬁte?q’gﬁ]ﬁg a%ge%s rﬁ)a ha?’mét%‘ﬁ I?L%culé}c/reﬁ]ﬁlﬁ fe 128 and
PDAs 128 amslpdrﬂﬁormfyARPrEdiuesPQMEEtsﬁﬁAIGaﬁMéEs with "Listen Interval”
parameters of 4, 8, 8 and 6, respectively. 30 [0044] For exanple, if AP 102

receives apo4lP r eAb@HEingQd Al ébodiNeRESCAB ihvaiBn, 202102ARay Bdndlk rbcehrd! e
the broadcast traffic as multiple instances of uni cast traffic, where 10

each i nst aBedeast efaultigest tmfic as rawiiiplespearien gf whicest geffice Whersteacteinsiace is
46 d ti
assool 2uBahly 2 AR pRIES VRIS RO, ANG SFAWPRPS ARl B IRIGE 'S,

as soon aSaHGMStHEl @LlstékEelﬁﬁQea\AhhhstdﬁufeftEﬁt idRestiiedofoe atclizffl dévice RoRowaf Sdvike
client devi cgs i (g,e Sav$ node. [0045] AP 102 will then include in
gudhts ipdistinn willl

TIMs of suB® %@pﬁaﬁ%ﬂ Eatubsaers TIMpndil fg aging finction ehAP"
data. For eyapp @dﬂSéﬁDthé% Wicklto 'b@%éé?ﬁ gr }%@ tﬂa Mg d%g%% %Qs %ﬁﬁﬁone %%g and

I ndi cations that unicast ata I's buf aptop 1
PDAs 128 &mnake kBMhas lragtiog mmmmemtbmtmnﬁﬁmans‘ﬁmmmﬂbufhﬁ|t&ifﬁc|:1 to

the Ti Mlg f whichever comes first.

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

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

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

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

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

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

30 [0044] For example, if AP 102 receives an ARP request 201 prior to beacon frame
202, AP 102 will handle the broadcast traffic as multiple instances of unicast traffic, where




beacon franme 202, may identify that unicast data is buffered, and may send
a PS-poll frame 10 204 to AP 102 in response. AP 102 may then transmt ARP
request 201 to laptop 122. [0046] AP 102 will then include in the TIM of
beacon frame 206 indications that wunicast data is buffered for cell phone
126 and PDAs 128 and 130. PDA 130 may awaken from Power Save node to
listen to the TIM of beacon frame 206, niHy identify that unicast data is
buffered, and may send a PS-poll frane 208 to AP 102 in response. AP 102

may 15 t hgfhtihaasdd fs d%&?nécﬁﬂﬂeaséor?e@,ﬂoﬁc@nf Ayele3d ch@rﬁ%ﬁce%s&e%ed"’wﬁﬂh Apen
include in the TIMs of beacon franes 210, 212, 214, 216 and

i ndi cat i on$02h&incetpters 1 2Uandacallphiue 124 ard if drctive MqskoAR lmmdnm ARB.

oM o beatefit DL L RR ool BHRHER Ml AELOO o BB, TR T2 Bl bRETARE L

may send Pggpeést R0f ferreach 82@e e Mdvidedin FoRRPSE¥d v6de/, to AP 102 in
response. AP 102 may then transmt ARP request 201 to cell phone 126,

fol I owedsbypgasf r anami 1991w ®bn ﬁB?u(feelHl’ﬁﬁ/fs c%%%béeﬂug)r@%e%%ﬁ frkRQABHi i 3

is a bl ock d| agram of an exenplary access point, acco ng to sone
enbodi ment thipbufféred i“nuieadtT data. AP ot @Rample] ddlet02awill eadudeoimetharfldh oé bidodn

led t h t I t 3 i
baseband 1 AABe PRRATTcy ok iitese? aaitfertl 1R on Tok RIS 185 ot Epdieor -
304 i ncl udess and®eB0.” FapRpOLESHaP GwdRéd froflCPMyver Sav¥ BHAS N Likeh 6 fihe @nﬂl@ tal
signal processor (DSP), a reduced instruction set conputer (R SC),

conpl ex i nBeacoe fiame 2081 may idsatiBrthatundept dataistméferady and nnay sevdraniy-goll frame

(s 0y op AR 10 ufiBebordt 20 FORRAA ﬁé%%g‘nss%*’?ﬁmeﬂ& rtatl%’?%” o

ASSP 49 nc des et wor e 306

ol o toldﬁ&l ]df*\f if%s’?lﬁ@ bR B e OB ot wBb UGS

for exanpl gmickst h@waﬁebuﬂa%wﬂ«eﬂbhorﬂelmoc{fﬂrpmAM@s mms/(serpgh ﬁ@rma} avPhl&n
SB), wired network(s) according to the | EEE 1394- 1995, |EEE 1394a- 2000,

<(31nd | EEE 180mPasyesfas Bde dofitom fo theAdhofeacqr) frawe 266 jmayidentifiyyhat unicast
combi nat i Of t& %@ﬁg‘%ﬁy}gﬁf@qﬂ” ge\{)ﬁr kPﬁ-?)Bﬁ rf;a%?e 2(?80 t% Aﬁ 1%9'11(1a rés%oﬁjs%e A‘P 185I may

connecti ons

15 then transmit ARP request 201 to PDA 130.
[0047] AP 102 will then include in the TIMSs of beacon frames 210, 212, 214, 216 and
218 indications that unicast data is buffered for cellphone 126 and PDA 128. Cellphone
126 and PDA 128 may awaken from Power Save mode to listen to the TIM of beacon
frame 218, may identify that unicast data 1s buffered, and may send PS-poll frames 220

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

10048] Figure 3 is a block diagram of an exemplary access point, according to some
embodiments of the invention. AP 102 includes at least one antenna 116 coupled to a
radio 302, which in turn is coupled to a processor 304 having baseband functionality. A

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

30 [0049] AP 102 also includes a wired network interface 306 coupled to a wired
network controller 308. The wired network(s) may be, for example, Ethernet network(s),




5 [0050] Radio 302 and processor 304 may be part of the sane integrated
circuit or in separate integrated circuits. Simlarly, processor 304 and
wired network controller 308 may be part of the same integrated circuit or
in separate integrated circuits. [0051] AP 102 al so includes a nenory 310,
whi ch may be fixed in or renovable from AP 102. Menory 310 may be coupl ed
to processor 304 or partly enbedded in priocessor 10 304. A non-exhaustive

| i st of exanples for menory 310 includes any conbination of the follow ng:

a) sem congiet el QVhGERaIS G Bhs (BB §irsd nle@&cﬁia@f acao?@ﬁ%% e PRI 3 ¥o4-

(ROM), mask ROM electrically erasabl & programmable read only nenor
devi ces ( EERPROMEE 1894P000e and JEER | B 4sstamardsobmbiobly kramdoas ‘Heedés: " eror y

devi ces 15 (NV . Sypchr anqQys nam .c.r.ando cce nory. ( SDRAM)..

ovi ces,  EEOR b e S b e HERELE iR TRORR Bewectist RaTBiota o
rate (DDRyog®muormn, devi ces, static random access nenory (SRAM, universal
serial bus (USB) renovable nenory, and the |ike; b) optical devices, such

as conpast 1ghishK T’ eRgLMoY dﬁﬁ[?g?%séf??l?ﬁqgﬁ% F%‘E%}t{ of thel Hind inteBrat@Gr&t or in

magneti c devices, such as a di sk, a maghetic tape, and
the |ike. ppatly irfegyated sacuidd4 Sanidanly, rpeckensir \idd kandowired nksvorl3 @8ninalier (FO8

coupl ed by_si gnal 11 to.coordi.nate their activities, .for exanple access
to nenory %ﬁ%efﬁfﬁg@ﬁmﬁé%ﬁ}t%fgcﬁwE&%P%Taﬁ‘?ﬂﬂﬁglﬁ HPBliS: MAC addr esses

of client devices assqciated with AP 102 to_respectiyve |P addresses, and

mappi ngs 3M0054F  vaeP 93 rakodadludss a mpment 3 19s Whickanasbo fixed inprapmevakis freom ¢ o
respectiveapl 195, KehBHNaid ¥al e AlYeR o BtdceQbr BOSSE YA Ged Y, sdror ed
i nternall yA?n processg}P 304. B{Fgr eggnp?g, cgel fp?onep% may %av rgﬁs) =1,
PDA 130 1fa§0hatenot&haudiveRidfof 2&nmeys foaweenir® 330 3nclidestaop ch@Pinatiyn oBthehave
AlD = 4, c%a hone 124 may have AID = 5, and | aptop 120 nmay have AID = 6.
12 [0054] "8'310 may al so include a buffering system 318 to store
incomng traffic ) ) )
a) semiconductor devices such as registers, latches, read only memory
(ROM), mask ROM, electrically erasable programmable read only memory devices
(EEPROM), flash memory devices, non-volatile random access memory devices
15 (NVRAM), synchronous dynamic random access memory (SDRAM) devices,
RAMBUS dynamic random access memory (RDRAM) devices, double data rate
(DDR) memory devices, static random access memory (SRAM), universal serial

bus (USB) removable memory, and the like;

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

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

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

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

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

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




destined for client devices. For exanple, data 320 of incomng traffic may
be transferred to buffering system 318 under control signals 322 of wred
network controller 308. [0055] Buffering system 318 al ready incl udes
buffers to store unicast traffic on a per- 5 client device basis. [0056] In
one enbodi nent, AP 102 will sinply copy the received broadcast or

multicast traffic to the buffers of eacH2f the client devices which are to
receive the traffic. [0057] In another enbodi nent, AP 102 may nmai ntain

lists for S@] as sehRhed Chha$ also ﬂﬁﬂd&@blﬁffé}ﬁ%xs?ﬁemfﬁ@ 18 %P R omM 4TRic
AID). AP 102 al l ocate a buffer upon receipt "of 10 broadcast or

mul ti cast dlfestlae fiat Chalyt daveiesd Eonexpmipie.atata 32 bdinedmiigatastic lm(yﬂ:@rtra(nefenady

ot her sui i ndi t he IIoc uf.f in the lis each
client devf cefﬁ? B*Wg gg@@“ %8%& ﬁéﬁﬂaféigé’gﬂl @&36%0%8%?‘%}1@ %ﬂ% dat a.
Each such cat uffer |s cigted wth counter that iis set to the
Cotal numblP fﬁ@% nngeysteRss i lﬁéa)éﬂncé&iﬁé Orrers to igre Wpigast @t bl PFp
receive ghalg@l{gé\gg@;ﬁsmpr mul ti cast data. Each tinme the buffered data is
sent to 15 one of the client devices, the counter is decrenented. Once the

counter is , I t I ?ﬁ% l.kocC f

di scard th{eﬁgﬁﬁ)f eﬁgdajg%tegfoof%%% A%oqﬁgx‘lalr?rlcp ) 1%2:%}3\% thlg éeg‘gee#)\%ogﬁiﬁg%g
request 20thufiicasirtraffic toethe bofférs affeachQT thd dHegudaricty whivh &0 b rayivaticandfie
buffer Ato store ARP request 201. AP 102 nmay set a counter 324 associ ated

wi th buffe[god7t o themnéted @mbodiiinghAPSI0Rh8ay Slaikaif WIRSfor @4chCAsk@idted Blient
devi ces that are currently in Power Save node. AP 102 will include a

poi nt er t 0 %ﬁf’f dexed, for cxamplothyethe AIPY-a¥\Pel 02vamey: allocste ®bufferynen regeiptioft he
lists fg d(':]ait %mﬁlh@gﬂ dita &f&%ﬁfﬁ%ﬂﬁg r}%ﬁ&t t%eché Bﬁ(?&%d%%egé%ﬂ#%ghﬁr PDA

128 and ato respectiv are 1 n Power

[ 0059] Oncmn&ﬁleﬁﬁmchl&m cbﬁ’maﬁﬁbctfit@ﬂbwfﬂi’) irethedist fo2@hctt clidnadbuipe di?Povwéraddvewi ng
the 25 PS-p frame .se top 122 in response_to_ beacon franme 202),
the poi nt e}noa?) thatis %t?st%ﬂp tosreF%l 5 hsoati-o Brtthioh oo baffe 18 29ROt @r
324 is deceaﬂi@attﬁg RYsel -to [{RO6Ak1 B Bt {0 hi%ac%%n@%% advRodeagaest 201
to PDA 130 (follow ng the PS- poll frame sent in response to
beacon fr adestin@blo, recéiee pwi brb&dcaStmrbnmheast Aafas Ealch inweitie foubfiaretihiatd issentftor

AD 2, ?g' done otrl tth hen% dev1scesd %l% gorlrx%?etrelg dec‘\femented Once the counter is zero, AP 102 is
free to deallocate the allocated buffer and discard the buffered data.

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

which are in Power Save mode).

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

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

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

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

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




30 [0061] Once AP 102 has transmtted ARP request 201 to cell phone 126
(followng the PS-poll frame sent by cell phone 126 in response to beacon
frame 218) and to PDA 128 13 (following the PS-poll frame sent by PDA 128
in response to beacon frane 218), the pointer to buffer Ais renoved from
the lists for AID 1 and 3, and counter 324 is decrenented by 2. [0062]
Processor 304 may handl e the received brildadcast or multicast traffic as 5
mul tiple instances of unicast traffic, where each of the instances is

destined fgpliGwin@the TRApli Bamd $eil %?SPI‘}M i R\hGRe 35 IRGEAT Eﬁm\é"ﬂ@g ARe 102,
by accessing buffering system 318 through data signals 330 and con rol

si gnal s 33120111{60063:]ufféi‘g%|r1@ rdmiogedn fivhodke disgfoamdf lamdeReapd aoopntet i3@dtis
devi ce, Ordl%ﬂ%éb enbodi ments of the invention. A wireless client
devi ce 400 THhEr Ieast one antenna 10 401 coupled to a radi o 402,

which in t is coupl ed pracessor. 404 hayi ng baseband _ functi nallt
A hon- exhallbel e |PEeser dBarphbande eoBeela HOuRTc oy dRSE dalas

processi g'gm‘dﬂgﬁ Gﬁgﬂﬁces %ﬂi(;&bis@' tratHEN e Q@S 3P hd Didnce® if CHMGRMY for 2
i nstruction set conputer RI'S a conplex 1nstruction set conputer (CISC)

and t he | i kerespondime witaless q:lrentdssloc asdlmlaterhywlﬂleAﬁ’aﬂﬂz,oby ancapipk i mferinp
specific int Ci or be a rt of an 15 application
specific sfﬁﬁ%ﬁ?ﬁf%W8ﬁﬁéghkﬁé%§%§%) ﬁ@n o fa e% Pocessor 404 nay be part
of the sape |nte rated circuif in separate |ntegrated circuits, [0064]

dient devi®8koo 4 #ct hilesk dipgranst ynexemplany elfenidgvise acrordipgita seme
removabl e {romifle n%ﬁﬁ’fﬁ tREMERIA00A ‘»D{Fér%ffhégﬁo VR 408 iHANMSEH 188t &Ee%ﬁéﬁﬁr
e e

404 or partly ed I n processor non- exhaustive 1 st of exanpl es
for mendfy4al Gouipial tedesdi@0mwhidoitbiunais aupbdl tbf@rbodsbmv%mgiava)g baseband

i cond .d h f d ,
mask ROV iigom" béfﬁﬂ\y%éﬁgg v 15t DE IS HEn By At PSRgR caurer
( EEPROV) , ﬂoaééamgeum PUBYVA 8R%al HE ¥RIcalsbl IBNS %@u@&pﬁ&%uaﬁmwco%gﬂ&es

(NVRAV , é&&hronous ynam c random access nenory (S devi ces
RAMBUS dy nEHiSE )+ @ peibpies destmistion aw roppRIBRAV]S earidcibs | hkdoﬂr‘brtbemra pregegsor

404 may be part of an application specific integrated circuit (ASIC) or may be a part of an
15 application specific standard product (ASSP). Radio 402 and processor 404 may be part of

the same integrated circuit in separate integrated circuits.

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

20 any combination of the following:

a) semiconductor devices such as registers, latches, read only memory

(ROM), mask ROM, electrically erasable programmable read only memory devices
(EEPROM), flash memory devices, non-volatile random access memory devices
(NVRAM), synchronous dynamic random access memory (SDRAM) devices,

25 RAMBUS dynamic random access memory (RDRAM) devices, double data rate
(DDR) memory devices, static random access memory (SRAM), universal serial

bus (USB) removable memory, and the like;

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

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




(DDR) nenory devices, static random access nenory (SRAM, universal serial
bus (USB) renovable nenory, and the |like; b) optical devices, such as
conpact disk read only nenory (CD ROM, and the like; and 30 c) magnetic
devi ces, such as a hard disk, a floppy disk, a nagnetic tape, and the

| i ke. 14 [0065] Processor 404 may access data stored in nmenory 410 through
data signals 430 and control signals 432, Menory 410 may store an
indication of its "Listen Interval" paranmeter. Menory 410 nay store a
defaul t ha[(ﬂ%spdedPﬁé@édé@r A0 mbf ocobd & Srokddlif @ hory 49@&@'3&%1? Hata-gﬂz,ﬁalns |48§t en
I nterval " paramneter be contigurable by a user of client device

[ 0066] Progwss g@rtrd(ﬁlg 4] J ququyle‘lI'OLmy etore nneindightionpaf anémemhﬁwaif’ ng

to predeflned on derat non h ti,ve,ljst, of. exa uch
cons! der at PERC-Er N AGERE Py S0l d RIBL ¥ St B Ua0 TS byl
client devpeﬁr@m(eﬂ‘e@r Th 8iBlef InteAQ1" preiBasH Mdy bb otk ¢ BY a HEMMEEQR VRS the
charge level drops): b) an expected usage nodel for the client device; and
c) net wo? k4 %rameters (for exanple, does the gateway renenber the IP

address - MAC address mapping after receiving a response to an ARP
request?).ﬂWﬁﬁB?]iﬁmoﬁemsdﬁ44ﬂwynayuﬂnﬂmiQLB&m.mﬁa@sﬁbmamhmnﬂraqnaﬁmgﬂn

declare thjs S "Listen In araneter to AP 102, 06

2o fent - aRARStERidettong b Tlnisthti g disk R ples Br Sheh ERATH BB er
Save node, irch@eg! i ent device will not wake up for DTIMs according to the
DTI M period, yet mﬁll awaken to listen to TIMs within a period defined by

the product of its "by stRhe elé%%f/% &9%26*1839%{3% dihEaMAte (fbf eldifpl

client device has a "Li sten I nterval ™ paramnet 20 that 1s greater ?an t he
DTI M peldPod of ﬁpﬁmazgﬂﬁhuﬂ&nﬁdIifﬂﬂpﬁﬂmdésﬂﬁnﬂmnklwhédnnmhnt|on the
client device will increase its power-saving potential while retaining the
ability to b) an expected usage model for the client device; and

¢} network parameters (for example, does the gateway remember the IP

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

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

15 “Listen Interval” parameter to AP 102.

[0068] If a client device sets its “Receive DTIMs” parameter to False, then in Power
Save mode, the client device will not wake up for DTIMs according to the DTIM period,
yet will awaken to listen to TIMs within a period defined by the product of its “Listen
Interval” and the beacon interval. If the client device has a “Listen Interval” parameter

20 that is greater than the DTIM period of AP 102, then in this embodiment of the invention,
the client device will increase its power-saving potential while retaining the ability to
receive broadcast and multicast traffic. This increase in power-saving potential is in
comparison to a client device having its “Receive DTIMs” parameter set to True and that is
associated with an access point that buffers broadcast or multicast traffic for clients in

25 Power Save mode, indicates the existence of the buffered broadcast or multicast traffic in a
DTIM and transmits the buffered broadcast or multicast traffic following the DTIM and
that does not handle the broadcast or multicast traffic as multiple instances of unicast
traffic.

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

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




recei ve broadcast and nulticast traffic. This increase in power-saving
potential is in conparison to a client device having its "Receive DTl M"
paranmeter set to True and that is associated with an access point that
buffers broadcast or nulticast traffic for clients in 25 Power Save node,

i ndi cates the existence of the buffered broadcast or nulticast traffic in a
DTIM and transmts the buffered broadcast5or multicast traffic foll ow ng
the DTIMand that does not handle the broadcast or nulticast traffic as
mul tipl e i Rt @RER&T r dHMteRFMding HWaleldsS clibiARMce! QAR H0h TR GcltsE pBint SOME
enbodi nents of the invention, a client device 30 may recognize thaP an
access poi hhe wliedt delvicemashectdsvReeeive REIMEYi mradetbatdfabs wisnetniathgbP@ectc ast
and nul ticast trgffi c as nultiple instances of unicast traffic, where the

i nstances 18"%dP8%Uestined for corresponding wirel ess client devices

associated with the accf_ess point. The_client device may set jts "Recejve
DTI Ms" par H%EPEr t bbs Alisal WreRe dpe coRfepehananugly cormpuematicgliyoto pre this ent

devi ce may,a0R[d .Q?Bﬁ&a@ﬂé'%ﬂﬁ 1Y nzigh Eﬁ%'ﬁﬁ‘aﬁﬂ i ﬁﬁ‘ﬁrc}ul%h. i 108
For exanpl e, rrarrlual confi gur at Foéno y&be ac iﬂee%g %‘{ roug zlﬁogtﬁ?’?%%gésncrreen
or confi guratiigemtionl Bleobf tihe ctnteddvickevi dke diket hAukdnkatic Amtfipuwedtion may be

configuratiqgn y_be _achj.eved by. pushi t he appropriate.configuratiqon to
the client a@%‘?ﬁréaet?y PWIE%(HWPQFO‘%?PB ‘?fgﬂc’i%falji]éméf’rtg%éiﬁf@ %ﬁ?ag‘an%%fnpiﬁ By
connect i Ngotian&hireilicy ahintRemenPof 8YRhBEctRB the |cPst ALidh & ﬁ%@d&ﬁ%@r%ﬁon

information via the cohnection. Autonmatic configuration nmay be 10 achieved
t hrough colpsdmigche cenfignrationtinraaicesyia i ermnedon. euomprias cafigurstion maydevi ce

coul d waht  for ARP, to be sent either as a unicast nmessage,or  .as .

br oadcad? . Aulesdnioieh (BpmBuElior uln B Fe-Rrblul VESDTARA P hERefbvice
appropri at eduid @it fo aaSSRIPN ibeRehitéither b8 VACRSISHeROENGr M 4 brda@bdst Hiéssake,
transmt broadcast traffic in the sanme manner. |In another exanple, the

access poi Atd Bt @nigws i JiaceivedPEIMY prjameien prpropriately aothalasvnmtioarthal t o
15 indi cat -ﬂﬁtda@éss' li)iﬂt %ﬁ Q:gﬁtiﬁl% tBY¥: Hgittb?(')a%c?srt %ﬁﬁcai%tthé Eaﬁ‘ﬁe ﬁl%ﬂﬂe“:‘r‘c t11|1 Qﬂotg%}de'
In yet another exanple, the clien evi ce coul'd query e access poin
regar di ng btanglenttkiasgessfpobtt aadiiasind apattionibt fls@ast ohd af fHecdownlink frames to

15 indicate that it intends to pursue this broadcast-free connection mode. In vet another
example, the client device could query the access point regarding its handling of broadcast

and multicast traffic.

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

example forms of implementing the claims




[0071] Although the subject matter has been described in | anguage specific
to structural features and/or nethodol ogical acts, it is to be understood
that the subject matter 20 defined in the appended clainms is not
necessarily limted to the specific features or acts described above.

Rat her, the specific features and acts descri bed above are discl osed as
exanple fornms of inplenenting the clainsl6l6 Clainms: 1. A nmethod of handling
recei ved broadcast or nulticast traffic in an access point (102), the

met hod conBrLsing: handl i ng recei ved broadcast or nulticast traffic as
multiple i rces of unicast 5 traffic, where each of said instances is
destined for a corresponding wreless cIient device (120, 122, 124, 126,

125 20 OO WS TS AR LTSRS IR

i nst ances mkumeMmMHmﬂmﬁglc conprlses retainlng any of said instances
that is destined f a w.rel ess client devi 122, 124, 126, 128,
130, 400) in poWerd lgavrscwée rogfcagt gl e hafﬁf(flcsasa{nuiltg% en%@CP%HB ugicasty

product of ata@e&qphér@te%ﬁ/%!f S8l 1 aﬂoe%qg%al Ql 3k a p&h P lefei%g@ehem

interval paranetér of said wreless client device (120, 124, 126
128, 130, 40Gkvica (jdwd22,da¢e123mpd2s, 130, thﬂaat:iatr(d with sdidacoeds ;mmt(ﬂl&l)m 2
wherein handling said broadcast or nulticast traffic as nultiple instances

of unicast,traffic c ri.se 15 . atin traffi tion t he
oxi Stence. 31 1Bkt RCTRETTimaicrin HhGile At biPafbaly Firbiifietel MhfifiasatulBR .o
(120 122, mJ;%ﬁceshZ@mc&é’c&rafﬁ@@om - i n power save node. 4. The net hod of
claim 3, wher ei n_handl i ng sai d broadcast or nulticast traffic as nul tlgl e

i nstances of unfetdBINgtanyfaf| s@id instapees hatisr destined futa minglesaclieny denicary2
del | ver Xﬂt r afIfZDcliéqug aiti O%ﬁ%ﬁfﬁ%o%?%av%%gdebﬁ? Q?%@é%h?t{ S ag%a% tié

traffi c has béen récel’ve one ess cli
devices (12@ prad@it of 2deachdbinteds@8B of 430 acob®DPoints(d 02) Aidedlistbrt imtaaaldaaameeﬁs
poi nt (102) o%salgwomer save

ireless chent device ?120 122, 124, 126, 128, 130, 400) in power save mode.
3. The method of claim 1 or claim 2, wherein handling said broadcast or multicast traffic
as multiple instances of vnicast traffic comprises:
15 indicating in a traffic indication map the existence of each instance that is destined

for a wireless client device (120, 122, 124, 126, 128, 130, 400) in power save mode.

4. The method of claim 3, wherein handling said broadcast or multicast traffic as multiple
mstances of unicast traffic further comprises:

not indicating in any delivery traffic indication message that said broadcast or

20 multicast traffic has been received, even if one or more of the wireless client devices

(120, 122, 124, 126, 128, 130, 400) associated with said access point (102) is in power

save mode.

5. A method of adjusting a listen interval parameter in a wireless client device (120, 122,
124, 126, 128, 130, 400), the method comprising:

25 adjusting, according to predefined considerations, a listen interval parameter that

specifies a number of beacon intervals that can pass before said wireless client device

(120, 122, 124, 126, 128, 130, 400) awakens from power save mode to listen for a next

beacon frame from an access point (102).




5. A nmethod of adjusting a listen interval parameter in a wireless client
device (120, 122, 124, 126, 128, 130, 400), the nethod conprising: 25

adj usting, according to predefined considerations, a listen interval
parameter that specifies a nunber of beacon intervals that can pass before
said wreless client device (120, 122, 124, 126, 128, 130, 400) awakens
from power save node to listen for a next7 beacon franme from an access
point (102). 17 6. The nethod of claimb5, farther conprising: initiating a
reassoci atio t - fac jd.adj.usted listen interval paraneter to
sai d accesg'gg§ﬁﬁﬁ%§6§%gmgs’bﬁggﬁéﬁﬁgﬁﬁgg claim5 or claim6, wherein said
predefined consini@tiakiaaessseaiiiun 12queat cdwlagesdi®ydilisted liste aftéredlypatngdeawer
said wireless client device (120, 122, 124, 126,128,130, 400) and/or an
expect ed usad@daseess Peig (I02)-d wirel ess client device (120, 122,124, 126,

128, 130, 400). 8. An access point (102) conprising: a processor (304) able
to handl e fecgvusdnil GREGASS Qcld &1 GRGLint LRI ke WhiiiBhGons Bniphst ances
of unicast traffic, where each of said instances is destined for a _
cor r espohdeggenierell of shatibiydnpodensagd wireRs clikRdevi@4(1202122, 128,126 328, 130)

associ ated,w.th .sai d acces oi nt 02)..9. The access int

crarm 6. wilh s ARETED usBg act Teaid WinslEReGEs S8Ger bk 12233 6.5
instances tiatizpsqcdgstined for a wireless client device (120, 122, 124,

126, 128, 15 130, 400) in power save node for a period that is at |east as
| ong as a product of a beacon interval and a |isten interval paraneter of
said wirel gséncchﬁpowéolio@écmw@ﬁmgrzz, 124, 126, 128, 130, 400) in power
save node. 10. {nt - cl.ai r B rejn.said
sccess poi nt (165 BEEE DA Bplhup it pElepfRottdiatior R MESE Tl

st andar d0 20 ihdtancls of weibas gaffici ehtredavh 6Esa{dRBiandsd s ddstified &2 G, cofrdéhonding,

400) commpri Si a nenor 4 to store a listen interval aramet er that
spezzi fi gg a ﬁ)ﬁ%@%sts chient deXricSe (]I%, 122, 124, 126, 128, 130, 400) assoc?atec? Wit% sa%d access

point (102).

9. The access point (102) of claim 8, wherein said access point (102) is arranged to retain
any of said instances that is destined for a wircless client device (120, 122, 124, 126, 128,
15 130, 400) in power save mode for a period that is at least as long as a product of a beacon
| interval and a listen interval parameter of said wireless client device (120, 122, 124, 126,

128, 130, 400) in power save mode.

10. The access point (102) of claim 8 or claim 9, wherein said access point (102) uses an

IEEE 802.11 wireless local area network standard.

20 11. A wireless client device (120, 122, 124, 126, 128, 130, 400) comprising:
a memory (410} to store a listen interval parameter that specifies a number of
beacon intervals that can pass before said wireless client device (120, 122, 124, 126,
128, 130, 400) awakens from power save mode to listen for a next beacon frame from
an access point; and
25 a processor (404) to adjust, according to predefined considerations, said listen
interval parameter and to initiate a reassociation request to declare said adjusted listen

interval parameter to said access point (102).

12. The wireless client device (120, 122, 124, 126, 128, 130, 400) of claim 11, wherein

said predefined considerations comprise a charge level of a battery (420) to power said




beacon intervals that can pass before said wireless client device (120,
122, 124, 126, 128, 130, 400) awakens from power save node to listen for a
next beacon franme from an access point; and 25 a processor (404) to

adj ust, according to predefined considerations, said listen interval
paranmeter and to initiate a reassociation request to declare said adjusted
listen interval paraneter to said accesg point (102). 12. The wirel ess
client device (120, 122, 124, 126, 128, 130, 400) of claim 11, wherein
sai d predef}n i LAN rise r I | . of 0)
o poner o oaeyRAFUAGEAGB R AR 101 83 300 48 oRYBl ot Ry letutd
and/ or an fpsidtwetless aentrediet (1200123 d04, vi6; e2&930c400gnt devi ce (120, 122,
124, 126, 128, 130, 400). 13. The wireless client device (120, 122, 124,

126, 128, 130, 400) of claim11 or claim12, wherein sajd access point
uses an | EEE BbRWIRleH sienbdeviseddads Bleb2hd2hiol28: §3% 444} of claimy il ongligmy b esss
comuni cat | : i L t Pl At | ai s 8
Fo 10 and SrorEEdN ST Mot LR Rt Al g B Yafln 158"
130, 400) according to any of clains 11 to 13. 15. A machi ne readabl e
medi um cdnpt.i 4i wigelessroounemicitides systms inekeling thb hecesnipant (03 eSswyof By 8 of

ot hod of Bhgp B4 thigiehata v igks it B AabCn dafe g ol M sheting

conput er ceAgVEDIMmEXEEHIRbl e on a processor (404) of the wireless client
devi ce (120, féz, 124, 126, 128, 130, 400) of any of <clains 11 to 13 for

inplenenting the nmethod of any of clains 5 to 7.
15. A machine readable medium comprising computer code means executable on a

processor (304) of the access point (102) of any of claims 8 to 10 for implementing the
10 method of any of claims 1 to 4.

16. A machine readable medium comprising computer code means executable on a
processor (404) of the wireless client device (120, 122, 124, 126, 128, 130, 400) of any of

claims 11 to 13 for implementing the method of any of claims 5 to 7.




