ENABLI NG LONG TERM COVMUNI CATI ON | DLENESS FOR ENERGY EFFI CI ENCY 5 FI ELD OF
THE | NVENTI ON Enbodi ments of the invention relate to communi cation
systens; nor icularly, energy efficiency of the co nication systens.
BACKGROUND Q%"g%@)ﬂ%ﬁ’él\m ON 10It is becom ng increasi n%@%%?@? o find
br oadband wi rel ess networking capabilities (e.g., |EEE 802.11, 802.16c,
etc.) and wired connectivity (e.qg., |EEE 802.3) in nobile platforns that
favor | ow power design. In some network environnent, maintaining all

net wor k devi ces ENABLENGAIONG-TERYECOMMUNMICAUNIOY IDDERESNIFQOR ENERGYNecessari |y
consunes energy, especially when acggsgg@cgata i s sporadic. Power
managenent schenes are used 15in conjunction with network devices to extend
the battery lifetime of nobile comruni cati on devices. A net wor k
device may operate in a reduced power state (e.g., standby, sleep,

hi ber nat e, e&MWr consunption. However, if the device is in
a reduced 50 - ' e may not be able to receive a data request
or data from ot herEndOdimeitwginticed coteuirdesto cBihibicaDBSGRINBThONpOcukE DRAW NGS
Enbodi nent s of N J JIS.lJ lustrated by way of exanple and
is not Iim tefcmtg;%tﬁﬁ%ﬁéﬁ)gglrcg@lﬁwc{aﬁ% b%1826(?{5'rrpanyi ng draw ngs, in which |ike
references indicate simlar elenents, and in which: 25Figure 1 is a bl ock
di agram of a GANRURGINIPOLRUHG INVENTPONSI Ng a networ k devi ce according to an
enbodi nent, of the invention . . Figure.2 Sh%@'s a flow di agram of one
embodi ment'%of a prot RS IHEtREN AR RHR I AGYOL BTG PUF ST &SRR ong- t er m

i dl eness nodecapabilitics (c.g., IEFH 8§Qr & 882. Bleows) aad fvirawodlicatyitamoiEE®928npodi ment  of
a_ process to gl%lglf%r Mf&%a“i\}a?ﬁg%rp?o%oglgl dell&E {nvqglnc gc‘?&L'c)l'k cnvironmcﬁf, g\%‘iﬁl@linﬂl 'S a

di agram repr esent dtion of a W reless communication systemin accor dance
Wwith one enbodl wdrark dsvicesHirgdy diyeleghet @ fully powered state unnecessarily consumes

energy, especially when access to data is sporadic. Power management schemes are used

15 in conjunction with network devices to extend the battery lifetime of mobile
communication devices.

A network device may operate in a reduced power state (e.g., standby, sleep,
hibernate, etc.) for saving power consumption. However, if the device is in a reduced
power state, the device may not be able to receive a data request or data from other

20 networked devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention is illustrated by way of example and is not
limited by the figures of the accompanying drawings, in which like references indicate
similar elements, and in which:

25 Figure 1 is a block diagram of a computing platform comprising a network device
according to an embodiment of the invention.

Figure 2 shows a flow diagram of one embodiment of a process to determine
whether to operate in a long-term idleness mode.

Figure 3 shows a flow diagram of one embodiment of a process to determine a

30  snoozing interval (SI).
Figure 4 is a diagram representation of a wireless communication system in

accordance with one embodiment of the invention.



Figure 5 illustrates a conputer systemfor use wth one enbodi nent of the

i nventi on. Figure 6 illustrates a point-to-point conputer systemfor
use with one t of the invention. 5 DETAILED DE THE
| NVENTI ON '%ngﬂﬁgpﬁnents of an apparatus to deternlnggﬁhgoﬁ§MG%F buf f er

sonme received packets before sending the packets to a conmputing platform
are described. In one enbodi nent, the received packets are buffered for a
duration of tinme rather than being 10transferred to the conputing platform
instantly. In one ldgdyedilleirite;s a thmputsosyprem ifrgseptititohosrhodibseofds a peri od of
i dl eness when jt.pgicRackets are being buffered. The conputing platformthen
enters a | ow operating power state. | n one enbodi nent, the apparatus is a
Wi rel ess network d@@F&éﬂmﬂﬁwaﬁHPﬁé?p%ﬁﬁ%@@ﬁ%ﬁﬁwmﬁﬁé“%pﬁaF%F%@’F@ma wi r ed
net wor k devi cefthd bbdgntithe fol |l ow ng description, numerous details are set
forth to provide a nore thorough expl anati on of enbodi nents of the
invention. It will be apparent homever to one skilled in the art, that
enbodi ment s ofREIALL N\OHF y €N wi t hout t hese speC|f|c

details. In other Enqb%alap{ﬁ@a,an\Aﬁplallaruk{e,ca\éaamﬁﬁcrvuﬁihwt@ﬁufﬁm&mq?eeblsas are shown in
bl ock diagramform rather than in detail, in order to avoid obscuring

embodi nents oPakf{ebosds W@Pﬁ*ﬁ?ﬁ*@d%cmﬂlf}g@%@@? arg dracriget Jiqed descri pti ons
whi ch fol |l ow arlhﬁbdpiidﬁs antRvddpadkes BB bﬂfercalf@arduﬁaha%famdla&ynmm Helig
representatio ratlons i er nmenory. These
al gorit hmaltO dggnérclnccfl gﬁscom Ut n%g 'Qform llt%ttallabll cnn)gmfnﬁnt t rrc%m utlnged by those
skilled in theb@amabpn@pesxmmqﬁdwks\ﬂ@nmbs@k%ﬁd@mm%@eﬁyﬁbBMNey t he
substance of tdgiufingWMikorah me@a&%}mm oaka!tlllgﬁ%% fatd Ron@EhbodMRn@lpgor i thmis

here, and generally, conceived be a self- consistent sequence of steps
|l eading to a HﬁgWW%HaW@§B$P“WTﬁé°§%éB§n%W%e@%ﬁ§@“¥@ﬁﬁﬁ?@ﬁ@“pﬁ@§¢caI

mani pul at i onsn@korRbysdecal quantltles Usual I'y, though not necessarily,
these quantities trlc etlc si gnal s capabl e of
bei ng stopéd trapgégﬁigdnggﬂc f%édmnﬂo ?%ambﬂﬁag ¢ He Vﬂilg “frani pul at ed.

It has provenﬂppp@EﬂNanvmaﬁCGmmnmﬁspfptmM@mpaH1wmb@mmm@aawmswmﬁoconnpn

usage, to refgg skiﬂeéinﬁlé%rt,ﬁﬁag%oﬁinﬁﬁts pf tBeSinve\{@(ln%ﬁ’be practiced without these

specific details. In other instances, well-known structures and devices are shown in block

diagram form, rather than in detail, in order to avoid obscuring embodiments of the
20 invention.

Some portions of the detailed descriptions which follow are presented in terms of
algorithms and symbolic representations of operations on data bits within a computer
memory. These algorithmic descriptions and representations are the means used by those
skilled in the data processing arts to most effectively convey the substance of their work to

25  others skilled in the art. An algorithm is here, and generally, conceived to be a self-
consistent sequence of steps leading to a desired result. The steps are those requiring
physical manipulations of physical quantities. Usually, though not necessarily, these
quantities take the form of electrical or magnetic signals capable of being stored,
transferred, combined, compared, and otherwise manipulated. It has proven convenient at

30 times, principally for reasons of common usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the like.

It should be borne in mind, however, that all of these and similar terms are to be

associated with the appropriate physical quantities and are merely convenient labels



el enments, synbols, characters, terns, nunbers, or the |iKke. It should
be borne in mnd, however, that all of these and simlar terns are to be
associ ated w propriate physical quantities and .

conveni ent 4%§Féﬁﬁgﬁglled to these quantities. Unless sg@®|5?€gk § stated
ot herw se as apparent fromthe follow ng discussion, it is appreciated that
t hroughout the description, discussions utilizing terns such as
"processing” or "conputing” or "calculating" or "determning" or

"di spl ayi ng" @prliehie thepdapantities Bpless opecifieells steiedotheawige prpressican ©¢ a conput er
system or si mlo@ngaRbRGH B RiafprERTatat My SRV elieschifdh, MRRALBW Rligs: and
transforns data represented as physi cal (electronlc) quantities wi thin the

conmput er syst &HPSSUFRY RPN g ?Péﬂﬁ‘ﬂ‘i‘gl 85 RIFHIING 9 efSIHRRBE 'S i | ar | y

represent ed agdlm&ij{lﬁly&&hheqmaméfhtt(b @8 adtibit dhid Protdaees GQ{ﬂOhhblﬁér sSYSt, ergimenor i es or

r egl sters I‘ Ofegron cscgrrq utmty Jewc rgcg p% ates drﬁ%’dnstf rms ( ata I‘S Sreso QG(P ag p ych ay

devi ces. Enboa nts ot | |on a d’ at Uses PHST perform ng
t he operat|on§J®@%eﬂemmmKS®nbnapp@nmmwsasmhaymbeas@@@mak$yﬁnﬁmsﬁmucted for

the required @Hﬁl&%@ﬁcscﬂéd a!s E)h}m@lﬁ qﬁzfﬂmys Wﬁln%cg%ﬁﬁ@LysgﬁrMQCs%Qrrlet er
sel ectively activated or reconfigured a_conputer programstored in the

conput er . SucHgﬁmﬁﬁﬁﬁUFthﬁ#ﬁﬁ?%ﬁﬁﬁﬁﬁcB@“@Pﬂﬂéﬁdﬁﬁwb¢%8ﬁputer readabl e
st orage medi um smmﬁboa&pntmlwemm bikdrclaR o dpParatasdy fof ppRroQhg tdé Sratishe| udi ng

f1oppy di Sllés’ hc1 m o%le agllia%&%/‘ss)may D S ?Pamélly COINI’U%%C)I t@cm%urcr?wnemt E'e)‘i O tical disks,

read- 15 only om’access menorl PROVE,
EEPROMVs, N\/RAM@Y Cqmgmge@elaipurgm reautecgtedsely estivayortrgopefigofed hedi a sui tabl e

for storing eL&ghlePPbarh n&@amﬁac%ﬁma@gh £arue MR &8 mb PR tQmPHt er system

bus. The al gorithnms and di spl ays presented herein are not inherently
rel ated to an§PAlct ‘i%‘i&\"lﬁi’t‘”é%frﬁﬁﬁ‘t“é}s Susp asobhart iggpip g Pe Sfdisk 54 digener al

pur pose syst ersppiayksDeptitks eiks OMROIMPID VIOIREINEs, 40d nBGEAE-ORRO M, tdad-t he

teachlngs ?ereln ove conveni.e re speci al i zed

.
appar at us fo pay 'm?%ﬁfﬁ q%ﬁ?%ﬁ“ﬁ%?ﬁ“ﬂ““ MS’ he re%%@? 'structure for

a variety of NNBééhsy%m@nprmm¢$ca@p@any®wnﬁmmheﬂd@9@blpmnmﬁkuEMGML I n

addi tion, enbgghg@ﬁggn@&mﬁ&ﬁwhﬂ%gg&hggrgggmgg described with reference to
any partlcular progrannlng anguage. It be aﬁ preciated that a variety
?l

of ~programing | ar %ﬁ@%’g‘n”z%‘h‘%pﬂfé“ Rf%“é’éf“f}&’irei‘“r%?‘%’é‘ ety el dde ivngs of t he
invention as geson degubes eihér.apparatus. Adtﬁfﬁ@ﬁlﬁln&@l ﬁl@@d&?ﬂt@nﬂﬁ@‘béﬂﬁ&d ncl udes any
nechanlsnbgorw%gorln or transn%ﬁ&e% " rmat i.0 readable by a

machi ne (&.g. VUEPTRSHEE afeyrdaeg H%Jgﬁﬁhgﬁf%é”?%gaéﬁpnahﬁdlun1|ncludes
read only nen@myn@ﬁimmmymMMQMMEMMQG@Bs@um@ﬂnnvﬁﬂfmmmﬁyq»ﬁﬁgm@mu@id|sk

storage medi i GBkinfalathalBae SRR L85 RoMRIREL RN bGES: et ¢ 30The
nmet hod and apparatus describ ereln are enabling ong-term
addition, embodiments of the invention are not duscrlbcd with refel ence to any particular

programming language. It will be appreciated that a variety of programming languages
25  may be used to implement the teachings of the invention as described herein.

A machine-readable medium includes any mechanism for storing or transmitting
information in a form readable by a machine (e.g., a computer). For example, a machine-
readable medium includes read only memory (*ROM?”); random access memory
(“RAM?”); magnetic disk storage media; optical storage media; flash memory devices; etc.

30 The method and apparatus described herein are for enabling long-term
communication idleness so that a platform will operate in a reduced power state.
Specifically, network adapters are primarily discussed in reference to wireless

communication systems. However, the method and apparatus for enabling long-term



comuni cation idleness so that a platformw || operate in a reduced power
state. Specifically, network adapters are primarily discussed in reference
to wireless c i on systens. However, the nethod s for
enabl i ng | ong&g%| 1?72%)2m*run| cation idleness are not so | %ﬁ?/uggy?&%gz ?hey may
be inplenented on or in association with any integrated circuit device or
system such as cell phones, personal digital assistants, enbedded
controllers, nobile platforns, desktop platfornms, and server platforns, as
wel | as in compumwti¢aben etk ad tveso lnesd us besnayde ohplagentydpdovar e/ sof t war e

Sthreads, t hatass'd&étioh 48h g@tlﬁeéﬂﬁédwgﬁt' c@‘gce OQ(}Qfe}ﬁ' &) as cell phonéz I &ngﬁil 1 is a block
di agram of a conputing platformconprising a network device according to an

enbodi nent of dtgl‘f@ afsﬁ%ﬁ%t%?ﬁdeq\}@ﬁ‘y)”@éi ‘é‘tbé%ﬂ%étfﬂ%ﬁ@ﬁt?%plétﬁﬁ‘ﬁs 4y Biyges and 10
peri pheral s h@l&&brﬂl@tds b/eleﬂ i Riction wal Bthdl rQRSEM vidh@s hdiBvakdivRRirk on. Referring
to Figure § hred canput.e alstt em conpri ses platform 110 and networ k adapt er
120 coupl ed to acceds” poeidn 1% a interface 102 (e.g., wired interface or
wirel ess interface). I n one enbodi nent, platform 110 conpri ses power
state controller 14l,;Rrocessor 112, and nenory controller 113. In other
enbodi nent, platformII0 further conprises 1/0 15controller and 110 devices
(not shown). I n orféeu&nbiddbladritiasramed depmoudeaprtiem apprisphpitselsdgistpl i ng

| ogic 121, conctcb@lnkgafanjgaxaeduﬁa@@fztnalgwhmemy@llclét& Jomp&ahes Qlch & buded 3nd

transcei ver, 124 | s§ node (LT

fo r.m. ne
mode) buf f e E‘i@hml% “Ot b?mf%)w I*S@Vf”idf"§3°“‘i’§‘5}“c “évﬁﬁ‘%ﬁuf Céﬁl‘lgc%ﬁ‘?ﬁ‘ unit 128.
O her enbodi nértcgmpiter tyhemlcnmlerstsnxbmfomhbl\&evcbmetwmﬂagdaﬁm 180 cqunled)tohemsqm rcuits,

| ogi ¢ 20uni ts mwloﬂ@mn@e%cevm Qi wlalle@m%x@ae%mpa‘leqﬁnwgc@) 1. Furthernore, in
ot her enbodi rrents of the invention may be distributed throughout one or

nmore circuits, | odhecgmpedimeng plageny ldﬁgonilnﬂﬁwwcaﬁ@@ cpnyoligr § Ly arogessor I'n

one enbodi ment 2, ﬂid&ﬁeﬁﬁfy%&ﬂo@equ)mii btﬁ@%m@od&ye‘ﬁ{ §lﬁ’ﬂf01§1u¢dﬂfu&§e1 @orﬁ;ﬁisés ghone, a
per sonal q gi taI

ﬁ} Eil F ntro ’ platform a
ookt op. pl 5Lt ST SEAS G s LB Al aF s ater T 5EFREddf bnt i on wi ¢ h
ot her resour cecsnpnsag@dmmso logic ac@/rslf tZ\R/aweoztdgmamhé (STtdoattollat i2Bj zes net wor Kk
adapter 120 t gdntgc@@fsm Lo G 6L e ggtlwt&nﬂagmrﬁode lr QOR) iFRedi ment,
platform 110 i s coupled to networ
126, receive fifo (RX fifo) 127, and buffer contlol unit 128.
Other embodiments of the invention, however, may exist in other circuits, logic
20 units, or devices within the system of Figure 1. Furthermore, in other embodiments of the
invention may be distributed throughout one or more circuits, logic units, or devices
illustrated in Figure 1.
In one embodiment, platform 110 comprises a system, such as a cell phone, a
personal digital assistant, an embedded controller, a mobile platform, a desktop platform,
25  and a server platform, as well as in conjunction with other resources, such as
hardware/software threads, that utilizes network adapter 120 to transmit and receive
network packets. In one embodiment, platform 110 is coupled to network adapter 120 via
interface 114, such as, for example, one or more computer buses, links, or channels.
In one embodiment, platform 110 comprises processor 112 that executes programs
30  orapplications running thereon. In one embodiment, processor 112 is coupled to memory

controller 113 to read from and to write to memory (not shown) that stores operating

systems, user applications, programs, or combinations thereof.



interface 114, such as, for exanple, one or nore conputer buses, |inks, or
channels. In one enbodi nent, platform 110 conprises processor 112 that

execut es prog&gq&wgggé appl i cations running thereon. Ingggﬁ?%%ﬁggégent,

processor 11271's coupl’ed to nenory controller 113 to re to wite
to menory (not shown) that stores operating systens, user applications,
prograns, or conbinations thereof. I n one enbodi nent, power state
controller 111 controls a power state of platform 110. In one enbodi nent,
power state contr dhberenbidimepowelissie cditrobetlll icopirol§ mphiweestdtd of plagower st at es

of processor 31 SR RbNinkN bk LEE cohfriter O Q&{troﬁpma%gd? bdirdcBP howdiown) , or

conbi nations thereof. In one enbodi nent, processor 1 menory controller
113, and 5ot héRtefprseradit §2. emoy Kettells dive PhecamrgeHagdham) ébnt r ol si gnal s
from power st abbbig@BisiRkdo€n chd Tmbddined) groeRPOdizMBehory AREWRF kizagdapter 120 is
connunicativehﬁ QOﬁEqu‘to.agces$” Qinjdlol égase‘zlationytvia interface
102. In oné eSS CHEAETS KaPHEPR LHABLEFd PO EONRIIRD PRV ess interface
for conmuni cacemgllarddli. o- f r equency (RF) signals with 10access point 101. In

one enbodi ment, a IWOﬁeeclm%§<§mj:rfatn@t§vfof%%§apite§ 1395 éo%ﬁﬁli%ﬁ%@ly Qﬁt@ﬁ:g toHdccf! | EEE
I t K I'n one enbodi nment,

802. 11 conpliant wreless network. n or net wor k adapt er
120 conpri ses PO gdseriBtiGio ik intgiteey A dvotsgpgodiRmE ctvek 2gwipAli cating with a
svr;i) t gh (not Sb@ﬂm&acks\éivﬁrcléésﬁﬁ@l‘fa@@ﬁpém{ﬂlhicﬁﬁgVh@i’okffclﬁﬁlngn (RF) it EfQQ- 3). IP one
enbodi ment . net wor ter 120 .conprises.a cellular network 15interface
For communcation PH T HiscEORESOT Bt hse itiung® BFes bERl il et wor k
(e.g. 3G net w80X)1.compliant witefpssorevogirbodi ment, TX fifo 125 stores data packets

to b_e transmtted H"l OB &Em 11Q(BiethBrk]a9a:lbteYi2% ciomﬁt%gsf%%d%g%prkliﬂer%@eecaﬁirm odi ment ,
RX fifo 127 stores data paciets recelved from access point 101 via

i nterface 102 MNChfopepanngiiseie ishe swilch{of fhaee viaopired senilige Sotypd (o

IEEE 802.3). In one embodiment, network adapter 120 comprises a cellular network

15 interface for communication with a base station (not shown) via a cellular network (e.g.
3G network).

In one embodiment, TX fifo 125 stores data packets to be transmitted to access
point 101 via interface 102. In one embodiment, RX fifo 127 stores data packets received
from access point 101 via interface 102. In one embodiment, interface 102 includes one or

20 more channels or links for receiving and transmitting data packets.

In one embodiment, buffer control unit 128 manages operations of TX fifo 125 and
RX fifo 127 based on control signals from controller 122. In one embodiment, controller
122 directly manages operations of TX fifo 125 and RX fifo 127. In one embodiment,
buffer control unit 128 is integrated with controller 122.

25 In one embodiment, sampling logic 121 determines, for example, the number of
transmit packets, sizes of received packets, arrivals of the received packets, and the
intervals between the arrivals, with respect to network traffic at interface 102, In one
embodiment, sampling logic 121 determines types of packets (unicast or broadcast) with
respect to network traffic at interface 102.

30 In one embodiment, an interval between two artivals is referred to herein as inter-
packet arrival time. In one embodiment, packet jitter is a variance of inter-packet arrival

times (as compared to an expected value obtained from negotiation or predetermined in a



20nmore channels or links for receiving and transmtting data packets.

I n one enbodi nent, buffer control unit 128 manages operations of TX fifo
125 and RX fi sed on control signals fron1contr n one
enbodi nment , 6%%3%%&1‘ﬁ 122 directly nanages operations okfﬁﬁ?o tno 25 and
RX fifo 127. In one enbodi nent, buffer control unit 128 is |ntegrated W th
controller 122. 25l n one enbodinent, sanpling logic 121 determ nes, for
exanpl e, the nunber of transmt packets, sizes of received packets,
arrival s of t otoceldy st worde oedkst jitterigithe Yasiationtobervedl 8meseof yogeatitthe arri val s,
with respect tgagtwork traffic at interface 102. In one enbodi ment,
sanpling logic 121 determ nes types of packets (unicast or broadcast) wth
respect to netonf%?%WTFd“%Fq“?%ﬁ@%ﬁ%u@@%mmﬁopﬁeBﬁémEHﬁUHWWﬁht an
interval betweesipydeticakiids &l ISTH (Redl Efn@iPi@6tol) OEMEREC M3sappaciit €ich 2qo acket

?:1': Ie?’/-alpaf:lkg? énrlllﬂ?econﬁ ?mgbse(tuen%{’ﬂ) ﬁﬁ:ﬁé cndw!fs d& nexjt’ 21I n%lhas'efcglgf; o pdgceg]btyteal ned from
negoti ati on ofs Ipniddetet (ren@id2d)rin gthergmbedirgat, )he phqketomhesr ca‘mlmdé yithacket jitter

is the variati,gg cQErcs@ﬂE)ﬁQ' Hl%lnc érhlﬁgiﬁicﬁ%f Rﬁﬁgh@ﬁ]to Q@Ad 19&@9&@2t§amb of data FOT exanpl e,
in one enbodi ment, assuming that a voice over intemet protocol (VolP)

devi ce sends 8%@5Fﬁﬁw@ﬁéﬁpm?ﬁﬁ%h¢9696@%¥?&FVE?PWﬁFémfﬁggwmﬁéﬁket each 20
5m | | i seconds conhfuntcasdnpseguient., RIB)packet arrives at next 21 mlliseconds,

t he packegojltter enbodi nment , the

1- r
packet jitter is cawmeF%%L%mSS?ﬂﬂm%%gfléthgggmgkgws$hgd“””mnr%ﬁlnent RTP

is used to seWGU¢%§hI®mweusmxéﬂﬂ%ﬂdﬁdmam&macm@sga&Uﬂ@UM@ﬁkmmbn one

enmbodi nent , VQJ‘[&%m‘xeﬁ op@dﬁ%gmg RaiRicRAL ke Qﬁﬁ)@g]emulett\b&?géfﬁc LRI cation
pr ot ocol (e g., H 323). 10Tn one enbodi nent, sanp gguloglc 121 determ nes

netrics reIat%ﬁmﬁﬁmﬁtf?%ﬂ%ﬂﬁ?”&ﬁé@@*%ﬁ@rﬁwF%Uﬁﬁﬁémq tigk PoRedhis embodi nent ,
such netrics af@edio@tichas ldﬁkg@dfuli’m ﬁﬁ“ﬁ@&t@@@nﬁlb(ﬁlﬁndﬁf tlﬁ@ésﬁ)flﬂalvﬂlg tﬁaﬁ'anSf erred. In
one enbodi.pent rel at N or

br oadcast lggc w%lvm éé\%ruéedh blyr dlc;blons grog%ndss 01nsé(qan191 rege?%%t’g 8’3111 azi ctl{rl aferred to
herein as back@ﬁ@@n@w?maﬂﬁmmtﬁmmhmﬂageﬁh@dmﬂemmmpmm@umeswaﬁwmmmmork

traffic 15i nvl\Ming (d3bAniRednRY hﬂ&@leﬁl&ﬂn'neg{@ampﬂﬁgqggl@ﬁ et YSLRTS 1S
referred to herein as active traffic. In one enbodinent,” sanpling |ogic 121

repeats a sanfiFh HPPHEOERYY- every sanpling window (e.g., 500 nilliseconds).

I n one enbodi nent n @aeRbddtgenl, D@kgoukd Iraffe B@ipalk @ SmilLS1tl backadehersanpl i ng

w ndow. 20 packet sizes that are close to MTU (maximum transmission unit) are uncommon. In one
embodiment, background traffic is usually found on the receive path only, while small-
sized packets associated with active traffic usually uses two-way communication. In one
embodiment, the inter-packet arrivals of packets associated with active traffic (e.g., VoIP,
multimedia data stream) are substantially uniform. In one embodiment, active traffic

25 comprises mostly unicast packets. Broadcast/multicast packets are not very common in
active traffic.

In one embodiment, controller 122 determines whether to change to a long-term
idleness mode (LT mode) based at least on results from sampling logic 121. In one
embodiment, controller 122 sets network adapter 120 to operate in the LT mode if results

30  from sampling logic 121 indicate that data packets received are background traffic. In one

embodiment, controller 122 sets network adapter 120 to a normal mode if controller 122

detects active traffic based on the results from sampling logic 121.



I n one enbodi nent, background traffic conprises small-sized packets, where
20 packet sizes that are close to MU (maxi nrum transm ssion unit) are
uncomon. In \98901‘3/]?705' ment, background traffic is usualpw/ %%lil(p «Rh t he
recei ve path only, whi'l e smal | -sized packets associ ated wi o Ive traffic
usual |y uses two-way comruni cation. In one enbodi nent, the inter-packet
arrivals of packets associated with active traffic (e.g. , VolP, multinedia
data strean) are substantially uniform In one enbodi nent, active traffic
25conpri ses nost | yinurd eisdimpdheesundBrafadedsies nreketirdastto packet s are not

very common i ché\@xkl'ed’g%m@rﬁ Ak | h@nagement, netivblkk %@ag@rﬂgﬂp%w’?%ﬂhw aﬁf@@&tfom ler 122
determ nes whether, to change to0 .a long-termidl eness mbde (LT node) based

at | east on ré%%iW‘ggef“r%?ﬁﬂg‘élﬁgﬁl‘?aﬁ@“i‘%ﬁ“&m%*%mg prpligaiianse fiSo@ioRent , control | er
122 sets net V\mmkodﬁﬁiﬁpHﬂdiylrilg%@chtb@ck@lpeﬂcﬁfdﬁiclhﬁb litteimpdkct ﬂﬂﬁ@pdrffnrﬁdﬁé‘elbk the 30f rom
sanpl i ng | qgi udlg fdhndicate that data packets received are background
traffic. In o enbodi ment, control ler 122 sets network adapter 120 to a
normal node if corit1 P cmbpdih @R beititr eotis! wistl PR/@ucs aitkirecibainecken fidnhe resul t s

from sanpling; t&)ﬂbcClO;)th-bc stored in LT I@d%ﬁcﬁ%%{cmm%nmqme&}'@/@(ﬁpahgc@sf fic
i ncl udes packets rel ate to acknow edgenment, |ink managenent, network

management , | SWIBPre Hoigstaatn i ‘@éﬁ% ‘5(5%t 1 ohe qRbHmERL, Plarﬁﬁftﬁl 150 y
appl i cati ons, obsastaperittBs SR@geda g iRpiRkt matdum{gsamcheﬁcaccdvm aesarbodi nent

?ﬁl&a)é::][r,}g_l ISl;dC h Ifq?cwlég[glg%lm 1 ()r cnIcm aqm\b (():apsma{lllé%tﬁ)owar state ?111¥cbf8 CTC flliéb ha&oﬁ{a{ng mjzlcte 2f28

causes sone reﬂ,fefpxmufnfyblelll@ttéan(afm@niﬁurrmeémﬂem(eglﬁmmbt35)()@@) $toced in LT node

buf fer 126 ram@crduﬁehaad@&mhmnm@n Eo%glat\é%da 1&@&#@E@H¥gq>o%a¥a¥e9f m 110
instantly, if the LT no nbodi nent atform 110 observes

a period of i H’I‘%“és‘é"’%ats“inﬁt“é? ’fdéfé%‘ ‘QQH“IEFG?Q“%EW’%?“&‘H %"Hg raediryietpacket s are
10buf f er ed. Pl;eameftwlmeilywpaemsesmcsedan LDWO&H&&H&UQG@)WHQE@J wudtf i nterface

114 has r i ned i.dl e r han rede val ue (e.g.,
100 me, 300 m) .- PhBraou bR SRR AR Sol PR RAE Y "oper ot o at

a | owest oper atdifagy lpb\Aelve qS}tlfalt"@eLT fnoqiﬂiugclﬂé@@\tiambf masX fifer@l, fele Lildl e for 100

m|1iseconds. m&‘l’eqpsey@rl <Ln¥ emg}&fnfleg{ blﬁﬁm({nmﬂ qumji% sg-lgcgs ﬁlﬁ%ff&rh@us‘é@ ei ved
packets stored in LT e buffer 126 to platform 110 in a burs 151 n one

embodi ment , biffié FOIETBIn‘E%%‘P Ofdﬁmthlpiezg C&%‘éé@ b@ﬁ’ﬁé Bfl%%fé?f\?@brmﬁéé%ée@ (from
interface 1029ecd1@dbe:kat QdSradinle nlodle mﬂembufﬁnefonﬂ,m ihasiread o@f in RX fifo

127, if t LT set enbo rol _unit 128
sel ects vv%sch rrg ]éﬂrlt }(l)enﬁnsaen nﬁalgleo?et’lreﬁegwec Sh Ftbfw’g"illjléln %fc?wdle tl%?l pl exer

circuit (not shbwn)l0Bbftdesllydonnthol unit 128 sends received packets stored
in LT node buffer k& extﬂQonllleﬂ{:, B&fe%&ﬂr& uhit'1 3 ipwel%Ble td 1'@gu@d%qletwork traffic

received by controller 122 (from interface 102) by buffering received packets temporarily
rather than sending out the received packets to a destination instantly. In one embodiment,
25 theregulated network traffic is subsequently sent to the platform in a burst. The platform
is therefore able to operate at a low power state because no packet is expected to arrive at
the platform until a next burst happens.
In one embodiment, buffer control unit 128 sends received packets buffered in LT
mode buffer 126 in a burst periodically based on a timeout value. In one embodiment,
30  received packets are buffered until a timeout value expires or until active traffic is
detected. The timeout value is set in conjunction with a power saving profile, an operating

system, a user configuration setting, or combinations thereof.



20 enbodi nent, when in a normal node, received packets stored in RX fifo

127 are sent to platform 110 substantially instantly. In one
enbodi nent optrol unit 128 is operable to regu traffic
recei ved by cont@@/ﬁjﬁ 122 (frominterface 102) by buff%?%ﬁaﬁﬁgégféed

packets tenporarily rather than sending out the received packets to a
destination instantly. In one enbodinent, 25 the regulated network traffic
is subsequently sent to the platformin a burst. The platformis therefore
able to operate atinandephofpowmsbuiieraendobagddisie oprpblsaekeiat ictvakpptted t o

arrive at the g @&k QF Mcklth bherfd OB et vwhich RAPRE EHSby ;Jlaf‘fo&f‘?lo%’f&%% ment,
buffer control unit 128 sends received packets buffered in LT node buffer

126 in a bursFmﬁ@FFbﬁW%5?@9“@%@@8“0ﬁf%?%Wﬁ%ﬁﬂfu§dfﬁemmﬁwnéﬁé enbodi nent ,

30recei ved pack@bser amciauef, pekedo fomdk plourd tﬁdffi@'ﬁﬂlme Rk bEbe @ fidrédeSr lmeunt i |

active traffic i detect The time ué lue is set in conjunction with a
ertog with lit 601 no impac ontle OVGld %el ornjance,

power savrng Forile, an opefa a user configuration setting, or
conbi nati ons therémwwenmmhmmnﬂﬂﬁmmeb@ﬁbEMHﬂﬂmﬁof%&ﬁﬁeﬂ7dmwwroI unit 128 is

operabl e such thalmAet #ak &lﬁ?’f@rﬂb@fs aldarémm?&ag@%fca nRiGEUPRx FirPRRIRd Of
qui et ness which is required 8¥rﬁ%at orm1 to enter a |l ow power state. In

one enbodi nenf?c Bhrdaent. iz WFbP§Blﬂﬂhh@dﬁPéﬁgvpéfﬁvﬁﬁ yé&dntrol | er
122, causes paﬁd@(ﬂzfc sf of mbc&cz)klgrro rzml@I dirc@hifbadzd o ndtv(ZHrlemIfﬁ@zfnﬁ kevido@ndae 1buf f er ed

for a ti S5peri ac L ornance.
In one eﬁgdr Pr%cnc m o{mr?.cnt aéfloc SlSJ feg%bl r}.gf o) c1s cqcnPc[d in En“r%( (ftal bdo% ) h one
enbodi nent , menmdéuﬁufmenome&mnemaﬁdu&ferent storage area in addition to

RX fifo 127. In ormeme@m&r,%ntmegqfremsmzeongémlvz amg@ml%%eea A% S | ess than
3 Kbyte (e.g., 2.6 e). The size of LT node buffer 126 is different

based on netw&?k“WWéFW@@“QH@(%%VFW@HH@HXh“fﬁ”ﬁﬁﬁﬁ@“@%ﬁ%ﬁﬂ%%ﬁ?lba process to

enabl e LT nodewuplsd desiebikeslvik Rirfieks infehccdet alEEE Bed. nwowblidat @eelit)l onal
reference to the remaining figures. I n one enbodi nent, access point
101 connec?s via at | east one wireless device to the network infrastructure
(e.g., network 10€heozinpingemeal embodi ment, access point 101 is coupled to

network 100 via wiyf (ﬁ'lle glﬁ§od§n'ﬂetn? hdRGE a«(aﬁroglw is c%Fgle%@gpega%n(pQ malt*tp@r%wé?et wor k) .

15 Snoozi ng I nterval I'n one enbodi nen net wor kK adapt o
capabl e of op®#&t §-hgreatmikisreyepldls. Yrsnetd ofk Htheddle mode, there fsgiyPpgketto r ecei ve,
idle, sleep aﬂﬂmﬁﬁ&whﬁwé&ﬂuh@&ﬂwﬂﬂﬁ@wmﬂbﬁre is no packet to transmit or

receive b é tr ans?ecl)n\é?rll’lbo fcnet\é% c}agte lf20 15 a ueff q\él% cralpagle rgPOpefatlnr]gelItl wor k

adapt er is a
a power-saving mode (PSM) In this power saving mode, network adapter 120 enters a

sleep state if network adapter 120 has not received or transmitted packets for a pre-
determined duration.
In one embodiment, when there is no data to transmit or receive, network adapter
25 120 goes into a sleep state while being still connected to the network. In the sleep state,
transceiver 124 is turned off for fixed amounts of time that has been pre-negotiated with
access point 101. During this time, data directed to the platform 110 is buffered by access
point 101. After the sleep duration (snoozing interval) expires, transceiver 124 is turned on
to check whether the access point 101 has buffered any data for the device. Network
30  adapter 120 exits the sleep state if there is buffered data, or if at any time data is to be
transmitted to the access point.
In one embodiment, a number of different power saving states (e.g., 5 power

saving states) are supported by network adapter 120. Each of the power saving states has a



a power-saving node (PSM. In this power saving node, network adapter 120
enters a sleep state if network adapter 120 has not received or transmtted
packets for r ned duration. In one enbodinent, e is no
data to tran?ﬁpfggﬁyfégelve net wor k adapter 25120 goesPC%ﬂggg&@gégp state
whil e being still connected to the network. In the sleep state, transceiver
124 is turned off for fixed anmounts of tinme that has been pre-negotiated
with access point 101. During this time, data directed to the platform 110
is buffered bymﬁeméeﬁn@emﬁP@M®ﬁnemWMekwhmg1§®e@wﬂdwwaﬁwdm;©ehdhming
interval ) expicke, heRIRGRIWAN, stRA blet%zeénLﬁrs@tﬁﬁjgtgﬂ 1&&@0&@&% \hehhper the access
poi nt 101 has buffered any data for the device. t wor k Oada ter 120 exits

the sl eep st atsgitingthyt Hapreyef RerfpiRae B @ngRbadimg. § shorigr Isigipeifisie Gea is to be
transmitted t QSEﬂﬂlﬁse&ﬁﬂ@&%etp@lnfﬁovelﬂa baxikey 1T OGh: BRRYdimedt, BWARE list@ifingdi f f er ent ’
power saV| stat avi ng. glates) are supported by networ
adapt er ﬁgfg( qR@mﬂl“ecop(? s\\/?tn mgltoa? %peh S4° di fferent |isteni ng

i nterval bef or e nelnwdmba@mptt etrsu&Qt@e@mtlen &ga ngews pdapay | 20gcompdeicatsor

exanmpl e, user s, AL&s @Jut%ﬁﬁiaﬁhg sHSLBELsRGT WBSL: & RRilihDg qlEJB%Fatc' RhOVES
battery life and a setting that i|nproves perfornmance. In one enbodi ment, a

shorter |isteRPAYiTSHt agogsspoipdOfbuffersmackets patd @ subpraibyr sfadonsednegsdo fipr ove t he
battery |ife. alikeora®. enbodi nent, a Ionger |istening 5interval (e.g., 100

mlliseconds) is set to.i enbodi nent, a
subscri berl%st ati oﬁn 0 cgoodig n? asn%zm%lpn”apm@?ﬁ‘jtqa“m ntﬁwéléfcle”sfccfféi access poi nt
101 that the eerl@rslllmdaberl@ttwha@q injtsthggéopgtatcendcdgain grechingt aitceansivéleptagt at e. I n

one enbodi nen, m@%@oﬁﬁmgpamoo&%mg%] hi&f SindRRKGT 8 wWHizh b Lub@rSURSES Per station
changes to an_awake state. 10In one enbodi ment, a snoozing interval

represents a % EoR HEte Al nof weiTibe by ¥ Rrw e (s RmBRYipRIB A STPOENE iBcRHange i nt o

t he sl eep st aﬁQQelﬁéBdlt@lgﬁlefm&o@a RO flafbOIndie ailighes! AdnBozidg M@ isenbodi ment ,

a snoozi nglsl nt mqlz% . &'1@? duration in which a subscri ber sjtati onis in
a sleep state’ an IS’ fiot > dccessi bl e by a network. In one enbodinent, a

snoozi ng interval I ghrepbagemnt edopzing iptervel iodssigne byripesss pfintflolasvesdind n one

embodi nent , atosar}&ﬂgslt BOm b @&b@(ﬁfﬁ@'lbtdh&l ((1 S@&w&?aé&eﬁi‘ém 25 ms, or |ess. In
ot her enbodlnent a snoozing interval is assigned by access point 101

according to a redu¥EEMPIdIREn, aceey SIS 19k ransmisy adle ipdicagon missegTRDadapt er

120). The TIM informs clients about the presence of buffered packets for the client on access
20 point 101. In one embodiment, broadcast/multicast data are delivered in a delivery traffic
indication message (DTIM). In one embodiment, a DTIM is generated at a frequency
specified by the DTIM Interval. In one embodiment, & snoozing interval is associated the
DTIM interval.
In one embodiment, SI controller 123 determines the snoozing interval of network
25  adapter 120. In one embodiment, the snoozing interval is determined in conjunction with a
power saving profile, an operating system, a user configuration setting, or combinations
thereof. A process to determine a snoozing interval will be described in further detail

below with additional references to Figure 3.

30 Operations
Figure 2 shows a flow diagram of one embodiment of a process to determine

whether to operate in a long-term idleness mode (LT mode). The process is performed by

processing logic that may comprise hardware (circuitry, dedicated logic, etc.), software



I n one enbodi nent, access point 101 transmts traffic indication nmessages
(TIM. The TIMinfornms clients about the presence of buffered packets for
the client o Opoi nt 101. In one enbodinent, brg stlnultlcast
data are del W@?‘&g’%ﬁ%a delivery traffic indication rres§§ ioﬂﬂzf\ﬁ% I n one
enbodi nent, a DTIMis generated at a frequency specified by the DIl M
Interval. In one enbodinent, a snoozing interval is associated the DTIM
interval. In one enbodinent, SI controller 123 determ nes the snoozing
interval of nétuiorskn2badapt @ra gl phmoso penmeirhodiment Jedthel srbiokiamg i nt er val

|s_det er i ned i nGORLHISEOR o dbo A BRYE pr RN ALAL hlofudily QRBLAL | NG

systen1 a user conf|gurat|on set tlng ations t Pprocess to
determ ne a sABYYKAGPIAEET \‘)‘%{WOYWa‘I’aIPtebQO&E%%W Bela opqenby ity theyEecssslis bel ow

with additi On@l:rfdiﬁ&ﬁfyam&ﬁ@tetl Qrsﬁmgﬂd!h@esgect B@{Rperat i ons Figure 2 shows a
fl ow di agr %m of one enb of a Br oces det.er m ne t\rz\,?et her to operate

t
in a long-termidl &RES %ﬂ‘h‘a%“ (1ePTH6Y ngsfhtgthﬁﬁ“gé%’g‘é“ P Sl FoPhed by
processi ng | ogimbodineat, presysicd gk Samelehwadmtries) dssociagd intith yetwolk deffiat ed | ogi c,

etc. ), SOftV"agﬁiod&éggﬁo&% b?d@ijéﬂ)‘% odc%mB i@ o s ra%la uﬁkﬁﬁfé’&%b%o”p“t er

systemor a dedi cat nmacni ne or natlon (0}
enmbodi ment, t HEAPIHERERStS| Yzch rr%wmdiuﬁ %\ﬁ}sl@ﬁ@ﬂ%w%pwcta apethqvor k adapt er

(e.g., netV\DrKlt@ﬂ&%&t@ﬁcn]tg&dl1|1\r:lls|'(_‘1n@1=1ﬁ2@kuls)an1\Jaﬁ) one enbodi nent, the process is
per f or med lay a conputer stemwi th respect.to Fllg ure 5. 5l n one

enbodi ment'" t he proCESECHRGh TS ‘P’Ff& T ipguE e aaprling “B‘Ff‘“md??i one
enbodi nent, phedesdi(rgeebsdogibocks2udplihe dapling time hasinospsak socisatgdaiov t h net wor k

traffic peri Ogdnﬁﬁj n%% Ip@l@d’fng%%ﬁlll%hrp&lﬁwglg@fﬁc &%c&@ﬁo&?@ﬂ%ﬂ&@ke the sanpl ed

data include a nu t packets, sizes of received packets,
arrivals of tH’@Cq&é*tgé?%ocﬁ%’éIk‘éf@@fmla%ﬁhoﬁhﬁiétol‘)?ﬂ“é‘? aficd Toeadgeeed aesully r i val s

(inter- packet &r ?gﬁ{sbf/ﬁé§§ultb)mml1@§aﬁp1ﬁ{gb0dl nment , proceSS| ng | ogi c det er m nes
whet her ?anpl In

9, L ndow has Ila sed g‘proces %&B? ock 210). If the
sanpling tfme has hy¥ CPS‘# G PP OERS'SF AEIPIGT et OHET okl raf orm
sanpl i ng on nétegeidkvatue ghrdoes b(opkmdeﬁsonbbmbddnﬁ@ﬂ)lm tiStshed valieds S0pbpeessi ng
logi ¢ proceedi fndet s resﬁxpﬁéﬁﬁgw&%ngﬁahﬁiﬁl il T E0flG.Rased. on

results (or parts o fro e sanp i ng e enbodi nent,
processi ng Iob’glé“‘éﬁh‘i)la?@@deé@Qfé@“{?%*fa@%ﬁo@bd packets with a threshold val ue

(process bl ock 21bknervis, @o&smb&geu foRHa Gon{ptil@\ \Lﬁbﬁ}%ﬁth&h@r\/ﬂl@b&@edns 500 bytes.
I f any recei ve . ckeetu Si z ze ﬁf 1 t he bsc?rrlpt r1e”v01 t\ ar ger t han 500
byt oo, pr obestrbgr o ear ety Rotmeatorr. tirBesbethimiie subye
O her wi se pr beelepackgts hiogbice dvar P liesIP qariean @packhxe fdnenl tinkatreantier val s bet ween
multimedia, for example, video conference, web casting, etc.) associated with active
traffic. In one embodiment, processing logic compares variations of the intervals (packet
jitter values) with a predetermined packet jitter value (e.g., 2 ms, 4 ms, etc.) (process block
25 212).
In one embodiment, if arrivals of received packets are uniform, processing logic
determines that the LT mode is off. Otherwise, processing logic further compares the
number of transmit packets with a threshold number (e.g., 5) (process block 213). If the
number of transmit packets is higher than the threshold number, processing logic sets LT
30  mode to off (process block 200). Otherwise, processing logic sets the LT mode to on
(process block 202).
In one embodiment, operating in the LT mode indicates that network traffic

comprises background traffic. Processing logic causes those packets to be buffered for a

10



20arrivals are substantially uniform In one enbodi nent, uniformarrivals
of packets indicate that the packets are voice over |IP (VolP) packets (or
packets for real stream ng nul timedia, for exanple i deo conference,
web casti ng, &§30@ gﬁ%%C|ated with active traffic. In oﬁg¥éﬁﬁﬂﬁpﬁgﬁt
processing | ogic conpares variations of the intervals (packet jitter

val ues) with a predeterm ned packet jitter value (e.g., 2 ns, 4 ns, etc.)
(process block 25212). In one enbodinent, if arrivals of received packets
are uni form pmeocesdi hptfogi ceaater tordsiftrabtackeheobbTvaradeniitgrupfd .

Q herwi se, pr gg%awagnéq@q&l&pl&f&m bes opﬁ&@ﬁrﬁ%&&%o@é}m@rm%e transmt packets

with a threshold nunber (e (process blo . t he nunber of
transnmit packéF%“W@mhﬂﬁﬁﬁwﬁ@ﬁ%ﬁwﬁﬁéwﬂhﬁ%@ﬁ%@ﬁﬂﬁﬁWﬁéﬁemﬁ%@@é@@@ng | ogi ¢ sets

LT 30node to (ﬁfnémﬁ P iO$6 Sin 1k RO ctive kRIS B e R G RSRItIBPad OFi C sets the
LT node to .on gg q%s bl ock 202). In one enbodi nent, operating in the LT
node |nd|c§te§ etwork traffic conprises background traffic.
Processing | ogic daQSﬂﬁmmhms$ppaﬁkmgEom@ch&MbuhkenmdmgwhmmxHMpﬂmeperiod. A

platform ar ?nctﬁé ﬂ”ﬁﬁxoc&fhasth'E?l?l%%mUEg (a%%h?@%‘ﬁa%ﬁt%@&@ A bRt nUtWoH(t errupt ed

period of idleness atformthen operates In a reduced power state. In
one enbodi nen?dckfthéwcm Flercat Pgere ks asior Fapaeofsletmmities Yisdiopb apetast m (t he

recei ver) afterthart inbRAHhoW@kcaliific M Qﬁ@&%rﬁgcdd&g biahsRteet ;&c@ez,t invge traffic
based at ﬁa n.as 5 nbodlnent,

.a conditi
o oeasal ngd ogrieied Bt R AT T RGeS tstsb e o T ho LT
node based onbssesanlit @ résnionfosesapplinggvithdt h@umtnrmmong)achats chacontsedlys of
net wor k paCkeEr% e@ sQAGhE [@s%ie%? QEsuﬁB&QeCa‘?él%%;ﬂgd 0 gllf(g‘m tl§e d%%‘@tﬂpalngn of

deternlnlng mhe er to operate In hout readi ng and
interpreting H@é‘&é?@boélﬂnctﬁh@mﬁ@t%‘?‘ l@OftS‘&@RseﬁtmsmCOmWéfﬁen DpRREsEdP nent

processi ng |Ogh&mhﬁ“@@ﬂﬁhhgnﬁﬁmd@m@Lﬂhﬂ&gmhether to operate in the LT node
based only_on resylts net wor k packets that

wi t hout decrypti
are usual Iy encrypt® em@ﬁph HEFﬁW ?“Wwﬁ%m%?sﬁ E ?%%%BW%@ "are required to
perform t he deti@remi(9atilliseronds nf idle peiod emtbadiemintform switcies ora sfeepveste.condi ti ons
ar e incorporatgdo b nf)nr} R'Eh%‘ﬁ&@&kt fi’dgﬁf O 1\4@%%@1%1&30%&%3 gition to the

LT node. 15In one e recei ve ron1the net wor k
adapt er, requicfesd BOGT it lrercglefctbmstfoafl rchee D5ty %Yawé%b tet00t he platform

sSw tches to amsh@endsst. @-t ki3 ml‘ld%écbﬁddtZSl}tht&BﬂdQ @r @)Q)mﬁlheﬂlyﬁﬁ{ M\@E%b(ﬂdﬁaﬂ{ er, the
pIatforn1I Ss frgg%ent r educed tate g%ause the

Do orm 7S ot VA SRR B30 R st P a6 P M e Bt e
m | | i seconds, dizBiomis|detesded g thagrowsipaviads oairéved cveh if tl@mﬁcmmdlbmt

energy used when transitioning to different power. In one embodiment, receive packets are
buffered at the network adapter for at least the duration of time.
In one embodiment, by switching to the LT mode, a network adapter buffers

25  packets related to background traffic, until a timeout value expires or until active traffic is
detected. In one embodiment, the network adapter buffers the received packets for a period
longer than 100ms (as required by the platform) such that the platform switches to a
reduced power state to save power. In one embodiment, the timeout is set to a value, such
as, for examples, 25 ms, 50 ms, or 100 ms.

30 In one embodiment, whether to transition to the LT mode is determined in
conjunction with a power saving profile, an operating system, a user configuration setting,
or combinations thereof. In one embodiment, the LT mode is an optional feature

associated with a power saving profile.
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20a platformsets a duration in which the platformoperates in a reduced
power state. The duration is determ ned such that power saving is inproved
even if the n includes energy used when transitioning to

di fferent po&gbgM‘ﬁ%gﬁe enbodi ment, receive packets are%khﬁg%ﬁg%ﬁg? t he
networ k adapter for at |east the duratlon of time. In one enbodi nent, by
swtching to the LT node, a network adapter buffers 25packets related to
background traffic, until a timeout value expires or until active traffic
is detected. |n orfagwenbddivneiiw didere dfehawrbkdimds pf errodsssfid datgminhe recei ved
packets for aqmlhg)ﬂtewtgsefmmmm% A ekt 1R 1Y ploligs P! @t form such

that the platformswtches to a reduced power state to save power. In one
enbodi ment, t RET¥MeRRyPEoctssing legic that mpyeampiee hadiee (gigcuity ofedisketipties, 25 ns, 50
ms, or 100 WBetc3Qbﬂf\NMK@ucﬁE¥b@ﬁltH’iﬁDIun omgénﬁerputmbetcbﬁﬂﬁélkybﬁkﬂl dr@ the LT node is

det erm ned i n d& alehlglgtlfuo rdcomBlnatg)a\I:)ﬁtioHlaf];/oéggnl{) Iél}eg &é an oper ating system

a user confi gdf&¥icoRedu PIROhe enmbodi nent
the LT node |smémm@mnc@mmhwﬁ@mmmn@wak&bnmﬂbedmmwwhmampdﬂ@nﬂﬁgmahg proflle

Figure 3 show@@cw@amn%a&tmmm9&&&4&%99%&}% Qstc PR OGHZ S0 F Eget erm ne a

snoozing interval (SI) an apparatus (e.g., network adapter
process is pePfornEd by proceSS|ng | ogi c that may conprise hardmare

(circuitry, dedi cakes chogiiGent, a{c@naozm@mfchmg @ete(rﬁiﬂ@d’hn@&mﬁlﬁﬁbntvhﬁta is run on a
gener al pur,pose conputer system a conbi nation

of "bot . "1 oRe B Rk b BB L B PUTHEF 1 8RR T on it h
net wor k adaptémw@émgmemﬂeﬂmmmkmamapvﬂmgﬂQﬂmmnwﬁggmmsmﬁmmmﬁmmahﬂaenbodlnent,

the process isrRELSQPRE: WOC@SQ%B@W%lFEft&yLS[t 58\ dobiy eﬁé:pgﬁ)%essn% lgélgur e s In

one enbodi nent, the snoozing Interva determned I n unctton with a
10 power savi rf@dwﬁﬂciﬂ%&plwr&@&caww%9%9&%%& mgc‘éwnéé%f‘:u gaimitcE dn setting,
Fr con13| nat i Oﬂliilﬂuhﬁ{}afhféfandz“ﬂa)@rﬂﬁn equshtﬁ@smozmg e, Q&@ﬁ%mb@i@reﬂt Eﬁé pr ;)ceSfSI ng
ogi c det rnln ect roce ock, 321 I

the D1 e | SRt F g S sBE Suteiy ™ Gt B R P ol at for m
(process bIocwh8®iwenEMh@mwmseN6§ﬂﬁ@eﬁswwgeEo@mmnmet@wmlnes a mni num val ue
and a maxi mum val lﬁ?onta@&b&dﬂﬁen? 91%9% umgoéupbe% Yl@tlwmklaﬁdp%pﬁ) oﬁgmggld%%k\: the

15val ues are user-configurable. 1n one enbodi nent m ni num val ue is 50
m | | i seconds, Miffépracess bckh:é3%>Fr<f?ﬁmn%&glﬁeenidsmsoemwrmwwwwr@m(@ g., 600
mlli SECOndS)mform the adddss PO &aﬁmdmmrﬂﬁe,newoﬂ@awr NEockNGiock Fat & @ networ K
adapt er tg,operat ke node roce Processing | ogic

sends trlggermgwgﬁgéﬁ mmwak YARELEHY %?“TB%FEP%gﬁ$@ﬁggé%fﬁé§”$0|nt about
status of the net%onkemuapmmnp@pmnmﬂsgc@h@e&maﬁm¢m@mdMQﬁam%)wbe
received from the access point. In one embodiment, processing logic also counts the
number of received packets which is referred to herein as N (process block 302).
In one embodiment, processing logic determines whether the received packets are
25  related to active traffic based on sampling results (process block 322). In one embodiment,
the sampling results include several data with respect to network traffic, such as, for
example, the number of transmit packets, sizes of received packets, arrivals of the received
packets, and the intervals between the arrivals. Tn one embodiment, the process to
determine active or background traffic is described above with additional references to
30  Figure 2. In one embodiment, the process to determine active or background traffic is
performed based on fewer or more conditions described in Figure 2.
In one embodiment, if the traffic is active traffic, processing logic sets the LT

mode to off (process block 310). In one embodiment, processing logic further sends the
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20i nformthat the network adapter is ready to receive data packets fromthe
access point. In one enbodi nent, processing |ogic causes data packets (or

data franes) &82Hﬁnﬁgﬁeived fromthe access point. In o g?@@@ﬁ?éﬁﬁgg’

processing logic also counts the nunber of received packe

referred to herein as N (process block 302). In one enbodi nent, processing
| ogi ¢ determ nes whether the received packets are 25related to active
traffic based on sanpling results (process block 322). In one enbodi nent,

t he sanpling resuddpsckien e thakempeting phifordatihomianirddidepbpfietng snet wor k traffic,
such as, for examlugckthg number of transmt packets, sizes of received
packets, arrivals of the received packets, and_the intervals between the

arrivals. In one &RB¥dMreHRentitfhe fffidsad aqliye gt pirsdnsdesis dersinesiackgr ound

traffic is desewidednganava vitud br @eetintdrionaptel Biogs @itoaigeiitoprd@finger 2. I n one
enbodi nent,. the process to determn tive or. bhackgroun raffic is
per for med Bas e BheF B8 S Pl TP Rl Bl B iy 5. n
one enbodi menblock 231 keont pralfofdingni, & Naie t.ipweestin@lp§ir &f thpsnocamsitergal kapginc sets t he

LT node to of {,&R0f@R8:sPb106%0810) . I n one enbodi ment, processing |ogic
further sends the recelived packets to the conputing platformwthout any

addi ti onal buf f er iThepestriermeny igY i deecphar ke progepying logic feducpsthyigaoziighodi ment , i f
the traffic i swdmeld Bk icmBodiriaf bloCsssif 106€8Sictghd D@izhg dRéreN B} RESora New

snoozing interval value.for net wor k adapter. |n .ope embodi ment,
processindBIoﬁ%%hgﬁg?g?ﬂgﬁg%&g“@ﬁ%ﬁgg??W§g%ﬁbgfngmﬁégégtgﬁtche nunber of
recei ved packetimmfmyalfegproeesdockB@ok 323). I n one enbodinent, if Nis 1

pr ocessing | 0gi ¢ ligbycLhuSRAARAE of AIRINEloclk ERLR: HEGRBAGERCARA AOESS bl ock

305). In one enbodinment, if Nis |arger than 1, processing |ogic

reduces the sAYETPHEMFHIPEIENS login deghlss Bpberiteaherval g 6¢el8sinAtriNtogi ¢ r educes
t he snoozi ng infar s @e ndyinfaal vhlue @khehOS alt@val B er@NOAZIhOGadii@ i@ to the
nininun1vqgue(kkegggdg%h; interval is lower than the m ninum val ue (process
bl ock 303)7 ‘P°YR8he embodi nent, if Nis 0, processing |ogic increases

t he snoozi ng i nt edwvaic emplirame pepdod Ingntapsep the cegsidmeckkto gibe baftuklies t he

snoozi ng i nt eEo\ﬁﬂllnetioﬁ’ Lvith gﬁeﬁatitnﬁ%f ﬁ@g@ﬁo@eg(process block 305). In one embodiment, the
received packets are buffered in a buffer region (e.g., a part of receive fifo or a separate
buffer region) until a timeout value lapses. In one embodiment, the timeout value is set to
20 100 milliseconds.

In one embodiment, processing logic determines whether the timeout value has
lapsed (process block 324). If the timeout has lapsed, processing logic sends the received
packets to the computing platform (process block 311). Otherwise, processing logic sets
the network adapter to operate in a sleep state for a period of the snoozing interval. In one

25  embodiment, processing logic also resets N value to 0 (process block 306).

In one embodiment, processing logic repeats the process by setting the network
adapter to operate in an awake mode (process block 300).

Figure 4 is a diagram representation of a wireless communication system in
accordance with one embodiment of the invention. Referring to Figure 4, in one

30  embodiment, wireless communication system 400 includes one or more wireless
communication networks, generally shown as 410, 420, and 430.
In one embodiment, the wireless communication system 400 includes a wireless

personal area network (WPAN) 410, a wireless local area network (WLAN) 420, and a
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interval to the maxinumvalue if the newinterval is larger than the
maxi mum val ue 15(process bl ock 304). I n one enbodi nent, processing

| ogi ¢ causes ved packets to be buffered in conj

oper ati ons ofévtgﬁzgmﬁﬁeir%ode (process block 305). In one eﬁ%@@%ﬁ(ﬂp"‘%{) he
recei ved packets are buffered in a buffer region (e.g., a part of receive
fifo or a separate buffer region) until a tineout value | apses. In one
enbodi nent, the tineout value is set to 20100 m|liseconds. I n one
enbodi nent , praekssictigrdlisyprea it ek (WYaY) 4lieln other anthedimpmiewirtlesyal ue has

| apsed (pr OCE%§mQL19&Km%%3m 4dofindinld& dabilBRMr (AP wi@RS&ShmRlRRESSI Ng | ogi ¢
sends the recei ved packets to the conputing platform (process bl ock 311).

Ot her wi se, pr GEREEH R $oRple Vigles C?W@“%E‘WWOMW%W%6‘1%‘#9@'1‘16\’&’%411% a sleep
state for a peviad, afi/ot Wmmﬂmmoumleappaﬂdm id3crDBEhe 2T liRatia

processi ng Io%lc ah§o resets N value to O (process block 306). I n one
enbodi nment proce%3|ng | ogi ¢ repeats the process by setting the network
adapt er to oper at dnpr cahodimek.evimbaeofiprocesssyktndd) iB0@Is one or more Fi gure 4 i s

a di agram r epLesentallian (Of, sBowi & 8438 mrmrun&@tg) ¥ SYshEM n accordance

with one enbodi nent of the’invention. Referring t gure 4, in one 30
enbodi ment , mﬁW%¥@§§mﬁﬁﬁﬁﬂhF%%?Hdﬂ6§?§ﬂﬁﬁ$%®b““ﬁ@%ﬁh@%mﬁﬁémbﬁ“ﬁbre wirel ess
comuni cati on asﬂﬂir‘éﬂfdﬁﬁ: a @Ry oalnblycrseh@Mb @B #dOa hafd@Oid caiighicd 3Qablet I n one

e et Rl SR AT A T BEBLETH AR oL C1e%) a0
and a mﬁreIe@yDnéwmeQanamwwp@amhemm@wkaqyw¢&mm¢3&mwgmwoﬂham(embodlnents

wirel ess CO”W@'P§@év'1cQj"a%Mé&x@ﬁé;%@@al'(é‘@h%iﬁél addhdt QR@kiscPh KL BYRY, oW T €l ess
communi cati on network For exanp e, "W rel éss conmuni cati on network 400

i ncl udes add|FPBﬁa?CN@ﬁW@PﬂQNEN%§g 2 Pray G DYUIRRG 2 DITPPIoT B hBeRioR i) appar at us

descri bed her gidotaf @itdbdd fided, rﬁbﬂt@@ dr ﬂlo&ﬁdBle‘étldlﬁgﬁfnﬂas In one embbdlm@e enbodi nent,
W rel ess Clg i,cation s uaes O ubscri ber Stat|0ns

o O B S R e T P RS L T euboer ber
stations 440, 442 nd4mbatidtent, subscripdtations H4H éd42nfiddedésmd é4%act £ omics devi ces

such as, for examhEon @ndgRklePGHIRUD ;mm?no}nﬁﬁmpe gcgqpcvgeaﬁenceaw@@ndhe' d

conputer, a tablet 10conputer, a cellular ephone,” a pager,

audi o/ vi deo ptixyiap mv@plﬁdccebaﬁPﬁ'r\/ﬁ@MﬁD év@wwhoeplwepilﬁy@wulﬂp&e f@afm ng devi ce,
a video caner @H- (aDMAglot Rth) GREREEsionBnuN@Ndxga i TIM) deMiaGen, fra}ugicy daisfS devi ce),
coune! o S0PhRNEhALs b 8P L St R0 S ARG B SgPoer e @
pressure nmoni modulatiet, gwti;camomeduhen @M althe sfiiakle chodyboiot abiinguesosr nobi | e

el ect 1 oni ¢ _deyjfbfiiont AeBNG, SARRHIAERL wird@WhiRE! s communi cation system 400
i ncl udes nore or fewer subscriber stations.
In one embodiment, laptop computer 440 operates in accordance with suitable

wireless communication protocols that require very low power, such as, for example,

25  Bluetooth.RTM., ultra-wide band (UWB), radio frequency identification (RFID), or
combinations thereof to implement the WPAN 410. In one embodiment, laptop computer
440 communicates with devices associated with the WPAN 410, such as, for example,
video camera 442, printer 444, or both via wireless links.

In one embodiment, laptop computer 440 uses direct sequence spread spectrum

30 (DSSS) modulation, frequency hopping spread spectrum (FHSS) modulation, or both to
implement the WLAN 420 (e.g., a basic service set (BSS) network in accordance with the
802.11 family of standards developed by the Institute of Electrical and Electronic

Engineers (IEEE) or variations and evolutions of these standards). For example, laptop
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I n one enbodi nent, subscriber stations 440, 442, 444, 446, and 448 use a
vari ety of nodul ation techni ques such as spread spectrunlnndulation (e.q.

di rect seque _division nultiple access (DS-CDVA) ncy hoppi ng
code divisiog&ﬁﬁﬁ@gg?% access (FH CDVA), or both), tlneTﬁFégéﬁﬁ cabo

mul tiplexing (TDM nodul ation, frequency-division 20 nmultiplexing (FDV
nodul ati on, orthogonal frequency-division nultiplexing (OFDM nodul ati on,
mul ti-carrier nodulation (MDM, other suitable nodul ation techni ques, or
conbi nati ons tchrepuo 40t comgonrais iwith tieyiogs @sogiarcée vels the WLARE420 bwhenginenbodi nent ,

| aptop conput QEM ‘ﬁ%q}l&(p&‘ﬁx?ﬁt@l%% Qm@ﬁ %59?4@ Cst cMﬁuﬁtl&H'tﬁe%& xq?.'W1 JI&L .

communi cati on pr ot ocol s require VeI’X ow power, sucC or exarrpl e,
25Bl uet oot h. RTM , lapeereabgdigent, B’%WRH COUBY Oraésa|0@mwrwﬁew&1ya010@emlmf| cation

( SEI (I;)) or clor(mh)ma@ h@lﬁlﬁnr&l&@ [1%2]‘81) usn i Bﬂbl aﬂﬂ@ﬂiouﬁl&ﬂo VR&MS@L@ destdbeORE q "
e odl nent p r CcCO tes devi ces. .associ ate W t
Che VAN 450, MaheReSRBRRL ARt AT SR E3 488 b SN SR RER S8 %0 "hot

via wirel ess hmmkiughnwan&uembmdlnent | apt op conputer 440 uses direct

sequence Spr ead SREGLI Ak %@g)c%@%vw {Qrch EAHER V@yto%ggm?go pread

spectrum ( FHSS) nodul at1 on, o i npl enment
basi ¢ serV|cea§@ﬂm@éésﬁlﬁéﬂ%ﬁ?%“&ﬁ“é&%@%ﬁ%ﬁb%‘WJ@W“WHQKQG@HT@ fanlly of

?t and;:tr ds devebpedhibyin gdme ate lﬁlﬁﬁbhﬁt%ﬂ eimetanhEduelS} tatrdlman ﬂ%@ﬂcrﬁicﬁ &t dRNi C Engl neers
| EEE) or variations and evol utiaqns ese standards [

| apt op coﬁpuf@?mﬂﬁﬁt@%ﬁ%&ﬁﬁ%@k%@uﬁfﬁﬁDQ’ d8%§mé%§ﬁ”?5%\ﬁM§fVﬁ0? WLAN 420
such as pr|nt@mﬂénmmﬁhammhehd4@qnpu$3mwdﬂﬁmxgmammSQhUﬁ@mQAESmmmMS

conbi nati ons E,Q,@]r Ee(afby Yﬁﬁ t%l{)@h@&)?ﬁ){]b gyét%able mobile b%%b%fw@é%%bé@ nt, |aptop

conmput er 440 also comuni cates wt cess point via a mnreless

link. AP 450 [BWopsiearisyes yhaelGhpredog6o Ipl%iﬁlﬁl@ﬁ 2005 opeomipmaiions herdofith 5f ur t her

detail bel ow. coMdu@ica@ivith 8lsY statidfk, 4RGn aubor BLIt8 46453 weqb@nw@mt egrated into a
single deV|ce (e. SS,_router | apt op conput er

240 uses CEDM md%“&wggﬁm%offfl?gwgﬁwmp‘)asrﬁ%&a%t%@gvea&“hdfqgﬁct data by
splitting a radw@di&ﬂqmemcmeEgh@mmhmmQMMmmmm®hedSﬁmh¢msubﬁmmgnals, whi ch

in turn, arc n s. In one 10
enbodi ment 1 IBRABR G X AU LADEAUB e Blorth b S1POkal L RALEBEUED. LN 430,

For exanpl e, ftdtegeveloppint eeanizatony (e AY ieckesy lﬁdeéze/d%ﬁaﬁé@n% kridtide 802. 16
famly of st aHlda&prx’&blhty for Microwave Access (WiIMAX) Forum, Infrared Data Association

20 (IrDA), Third Generation Partnership Project (3GPP), etc.), or combinations thereof. The
methods and apparatus described herein are not limited in this regard.

WLAN 420 and WMAN 430 are operatively coupled to network 470 (public or
private), such as, for example, the Internet, a telephone network (e.g., public switched
telephone network (PSTN)), a local area network (LAN), a cable network, and another

25  wireless network via connection to an Ethernet, a digital subscriber line (DSL), a
telephone line, a coaxial cable, any wireless connection, etc., or combinations thereof.

In one embodiment, WLAN 420 is operatively coupled to network 470 via AP 450
and router 452. In another embodiment, WMAN 430 is operatively coupled to network
470 via base station(s) 460, 462, 464, or combinations thereof. Network 470 includes one

30 or more network servers (not shown).

In one embodiment, wireless communication system 400 includes other suitable

wireless communication networks, such as, for example, wireless mesh networks, shown

as 480. In one embodiment, AP 450, base stations 460, 462, and 464 are associated with
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devel oped by I EEE to provide for fixed, portable, nobile broadband w rel ess
access (BWA) networks (e.g., the I EEE std. 802.16, published 2004), or

conbi nati ons ‘R,Bez\ 0 75520 com‘rum cate with base stations, 8%@@%&020?%%%60 462,

and 464, via rfelﬁess link(s). 15Although sone of the a bs are
descri bed above with respect to standards devel oped by | EEE, the nethods
and apparatus disclosed herein are readily applicable to many

speci fications, standards devel oped by ot her special interest groups,

st andar d develoopmrante wrelpaimhehndteeks. [nengembodinest &R 450Rouabnicaes (WA ofFi )

Al liance, Wor logéﬁ\étg%s !)r{%to?g ﬂ@l@{ﬁt?@f rhéqfx ¥01I1t9(MIN£e %WVQe%ABQ%%@M(JW4M Forum

Infrared Data Associ ation neration Partnership Project
(3GPP), etc.) onoimbedimpitih 458ﬁ6§61t'%é%feflbmwﬁﬁéta OSSN Al osp EVEhs descri bed

herein ar le nO&h&plu’fﬂéﬁy&ﬂ MPQ 4¢d1InI-:0né s%ﬁ»ﬁi@lertl)tl the pluldM&GN/[ﬁsQ@O @ﬂﬁdé’ﬂhgw& 43]‘0 are
operatively coupled.tq petwor pyblic or private), such. as, for

ool b St e’ PR Srtid RS Rh rd Ao BHG oo Bt Rt o SRR D6l ephone
net wor k ( PSTNyhereofot to€fal floas eia naght paths. RIS KAN)sg ay noalblh@nnehvigrek wiraled anot her
25wi rel ess ”%M&w‘éﬁc&% p?&&@@%dc&nﬁtgrﬁcc@%r ELRELAGE theRoe@lib@lanURscriber line

(DSL), a tel ephone I1ne coaxi al cable, any w reless connection, etc., or
conmbi nat i ons FHEREEREC. I n one enbodi nent, WLAN 420 is operati vel y

coupl egot 0 networ kn %Qmﬁi)cﬁim&l?wﬁr@@%@&dmﬁrﬁé&}(l&if%/g&mm lﬂébmmwhwlcsw(b@;ii Zg gt
WVAN 4 I oeralve t 0, net wor Vi a e station(s

262 a0a. B R ENAETINERY ReF St B e A R S L B RE0 s or o
net wor k ser ver4) qprrates is hawm)nce with other uireless @orenmipidiiongmdtocolaits @b@sts . .
communi cat | Onwﬁxyﬁﬁ%‘bé&%bbd}ﬁ%dﬂ%‘?‘e@e mm COMUB@Q of I\M&(gl zﬁéedb&wmm cation

net wor ks, such as, for exanple, wreless nesh hown as 480. In
one enbodi nentialogpligimipor dﬂ’lﬁs%)d%?0&*}@1@%“0460‘6“14!6?21101% melzpbéﬁléxae%cu ated with
one or more WG[OBMSS}GenﬂﬁSMolﬁl%@bﬁlﬁﬂﬁﬁlcatlbﬂ» (@Bﬂ) eakedkyT®Ndchardie odS0ivERAMUNI cat es

with or S,.one I 490 of wirel ess
mesh net &@Blpﬁ g\pcteDrPgéﬁ’ %@ﬂ? éﬁﬂe‘lfls%e ‘?eé%@w%gm&%@ﬁbnsm ts data in

connect i on W tebhnology, En hanpaad @ataﬁswiewmlmreaﬂ(ED@EmC11WSgyAEﬂve14athﬁb enbodi nment ,
the plurali tyT‘QéCOll}{BﬁnlCd%QDb SQ&&IH&W%?Q%%]O\E;Q%IJH ﬁ)en%drlﬁg&’nﬁﬁlg Pa%&k&@sspm nts, end

pOI nts, ot her suit connecti on UpOI nt i nati ons thereof
traffic flom;s(HﬁDe?APreelwolﬁ%x Héh-Speed Upbik Pueletéwbﬁ%%}éﬁ%ﬁqcml%éeﬂm ques,

Wi rel ess comuihigadeh@itiop bokiatd! &cesé/\deélﬁﬁioglﬁt(@ﬁfﬁ?&@;et@ﬁbtaﬁ&mlbﬁk@& bPNns t her eof
described bo%

Qgﬁ,llo m"rymcatea nlon s Vg WI’G|eSt% conmuni cati on
syst em 400 | nQFSGFEYORE PUPEYS 24 YUYy % ° sr’iag“f? KON Such as a
cel | ul ar radi wirdiet womkin{cmoh sehoun )Althbigp Fgpreddnpet €WPANO: WpaNadngés i n
accordance W {R; Q% Refne Wb &GRS WHORTUSH AR LOSR i RPHARuabQuRHPPOT T &
combinations of WPANs, WLANs, WMANs, and WWANSs. The methods and apparatus
described herein are not limited in this regard.
25 In one embodiment, wireless communication system 400 includes other WPAN,
WLAN, WMAN, or WWAN devices (not shown) such as, for example, network interface
devices and peripherals (e.g., network interface cards (NICs)), access points (APs),
redistribution points, end points, gateways, bridges, hubs, etc. to implement a cellular
telephone system, a satellite system, a personal communication system (PCS), a two-way
30 radio system, a one-way pager system, a two-way pager system, a personal computer (PC)
system, a personal data assistant (PDA) system, a personal computing accessory (PCA)

system, other suitable communication system, or combinations thereof.
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WMN. Tn one enbodi nent, these w reless communi cation protocols are based
on anal og, digital, or dual -npbde conmuni cation systemtechnol ogi es, such
as, for exa | System for Mobile Conmunicati ons, nol ogy,
Wdeband Cogglvgz\oﬁg?g% 15 Multiple Access (WCDWVA) t echnof g@%@%@?al
Packet Radi o Services (G PRS) technol ogy, Enhanced Data GSM Environment
(EDGE) technol ogy, Universal Mbile Tel ecommuni cations System (UMIS)

t echnol ogy, Hi gh- Speed Downl i nk Packet Access (HSDPA) technol ogy,

Hi gh- Speed Upl i nk Ipaw@tbwi@elégsb%elﬂ@tm)m%(egh*ﬂ@l “ayidd.dtthend Bl Alxbi0e

gener ation of (whkehfSs @eCHDSh ea‘ﬁﬁ‘@(g? RELES a (BialnterfdCa péAHel Bifeftack, St @andar ds
based on 20t hese technol ogi es, variations and evol uti ons of these

standards, and™e HEPUETYIEhING Tige S & haveicee; ad%ﬁ“v§‘tsﬁh‘a’&]rtﬂ‘§ Al t hough
Figure 4 depl G(‘USB)antM\Béé\l,a high ymﬁmmnadwluabMMfdcé ®.29 IIBEEGIB’@DﬂieﬂBsBI anyWM 1 eI ess

m ni ;atl On ﬁé bu%r:lqe %:l Wi ded TiCT dlcé) tor c%rmbindtlonatgesr(e:orf? CO mHm vu 1rre}eﬁl not
limted in thiligksr &i¢fangh 0612@1 wampies h@vﬂmm dremibed ahwceth@sspe@@mmmecmhuson system
400 i ncludes QthghrMAANimYAN . WWAN, or WAAN devi ces (not shown) such as,
for exanple, network interface devices and peripherals (e.g., network
interface cards (Nigbegientyefdhedavepiisn max by mplsentsdigp s4iepie FGMNipoi nt s, end

poi nts, gat eV\ﬂM&cs&ﬁll@gﬁ&cunﬁlmﬁhcnﬁ&e dC\tIQb bx@h&tﬂ'&iﬁtm@lcﬁehbdﬂﬁlﬁﬁltsbﬂ ephone

system a I%at st er.sona ni cation F}?
two-way 30ra e 6nvcnqlo{1 Y3 n){ gcrr}mludc&) w1thmavauc sy IS’IiplétrQﬁ Sybat.CKI%S Elx%xmcn 6 2 sys t em a

per sonal conp mvgmm( PE) al‘@)bs tﬂemiedan Qiém smmltel data tasbpist an tucl(lt@mys system a

personal conputi ngﬁ@%@eﬁgfdﬂlpl@ RliefMratSWSh @ Mrer QfsRGT in Sdhih &R §ith GRETUNI cat i on
system or conbinations thereof n one enbodi nent, subscri ber

stations (e.gCmboARRsnt of s invangien. PaoggssorgAiacasesy dakpiropsfyvel b LIngashe st at i ons

(e.g., 460, 4612mo@nois #64 P (L2 ccici@ema@y S indlmaintiddfofyame, matdiear al | el

i nt erface a smal ter St em i nter C . ernet int erface,
2" ver odr s EFR e DU gy okt SRR IR Ry R TR PSBT ot ' D
interface (e.gempribREEN 1L BQhe togethefvathe)her menyorbotheran $2cichbyighitype of wired
interface, or &om}Rath 9@%&'&1@&%{3&&%&1@% 68 £o Ml QbW f&liolliksr Al though

certain exanpl es have been descr| above he scope of coverage of this
di scl osure i sC4RRMIMOR] WEpsEhbT ks or more m”“Ejﬁtﬁ%&ICP(%ﬁt‘@e‘@Tm@t Hetichvent i on may
be i npl ement eébodin@nty,alid cOinyu@fysehnadyhan dchd @6 1@Rd shagi achefdrcui ts.

Furt her NDLE, %er\élﬂl(%gg or C(e:JbOrr%ull ts that include enbodi nents of 10 the

i nventi on rmay be SIHdEa Wt Ri n a vari ety of conmputer systens. Enbodi nents
of the invention ﬁwyebw@% rbzefhamlnwdwer ¢f pordreing @ompQtherenbydmers dfopol ogi es
and architect f‘HE ﬁl%entlon howé\:/érgﬁ‘lg}ﬁoe E&Jntcﬁmﬂﬂ loﬁlel dejxfllzelg%vrltﬁlﬂtﬂ%§ys@enp(9rmUt er

1
system in conj.uncti on W th one enbodi ment he invention, Processor 705
accesses dat adifFiyyRd|thguehouy the E&?%%E%@%H%WWW@@OW @pbatpn thepyf. cache nenory

710, and main rrerrmdm n7e1:5ry11s n@p Be€itnpltme: g0 diridey thén 6of bOtnIa@ dBygntion, cache
menory 70

L] cache
t oget her \% t h‘y %HHIC mnCrlroénrr%')crce\R rsnﬁ%l?ﬂry AW E%HEQMHWC\(/%%S%O léda Lflfé system
menory hi er ar @hyasaheh MMM tevbmpbagy. of 4 Ge@pnz sune 1®@|tb<$eqluf@1mtfrotnokreer | evel cache

menory such a%mdtedsgstGRGRNFor@8i MG GeMb bivid V%ve@“ GRGNE 740%4&51%@ more, in other
enbodi nents, the conputer system nmay have cache nenor as a shared
cache for various storage devices and technologies. The cache memory may be ocated elthel within

the processor or in close proximity to the processor, such as on the processor’s local bus
30 707. Furthermore, the cache memory may contain relatively fast memory cells, such as a
six-transistor (6T) cell, or other memory cell of approximately equal or faster access

speed.
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20nmore than one processor core. Processor 705 may have any nunber of
processing cores. Qther enbodiments of the invention, however, may be

i mpl ement ed er devices within the system or di i .

t hr oughout tmbgg}/@t@%ﬂln har dwar e, software, or sone cong%@gﬁ?%(ﬁgztﬂﬁereof.
Main nmenory 715 may be inplenented in various nenory sources, such as 25
dynam ¢ random access nenory (DRAM, hard disk drive (HDD) 720, solid state
di sk 725 based on NVRAM t echnol ogy, or a nenory source |ocated renotely
from the conputer @Y&rapdinatspéhooydtipmnberdeacuaayz8t inptheicacuil.leliess

interface 740 ygRNniAbALO itV e %msotfwgag@ }%ﬁﬂénﬁ@@ iRABEer %ﬁ&t&ﬂ%@gr ﬁ%@ The
cache menory may be |ocated either within the processor

proximity to tHEMSR Beeletyrid u?ﬁH’I‘iouélé‘)ub%‘i"fi‘ﬂ"\é“%%@’é@é‘&‘?b" %rdP‘ﬁ‘i?éilluBﬁEed?)O?O?
Furthernore, tiegeagthe menory may contain relatively fast memory cells,
such as a six-tra | .. or other oxi mately
equal or f §St er a(r;szrrel{zaély, dtﬂe -D)ne em'bodlmen&nﬁl be 1m%mg?ed¥v1t 1 dgf)m{tﬁé)glpl{]vent i on,
however, may exnmster pystent ﬁl@rﬂeéJ o, illugigpites 2 ot system devic eemgatiit hi n t he

system of Fi IY5EinBo-phitl (PBSEARESation. n BE G ar, FTRRY RISy Qdm \tvﬁb?c i nvention may
be distributed thr oughout “several circuits, logic uni { or devices

i | lustrated i ROPTSHYY BOBOY-S pyigpipy doviges ?‘é&écfc%‘ﬁé‘c‘b‘i’?w&% PHYEYO-be
i npl enent ed whpbihiimerdac@0i Nt -t 0- poi nt conputer system Figure 6, for exanple,

illustrateg a compyt Sistemh E‘wulcéma allso 1%0% @c@ e 1ocgqsa1 RO WHI on?y tR/OI nt (PtP)
configuration. In parti cu gure TPIEYSYE er€ processors,

nmenory, and |nlf9€nssfomﬁ7@l§§0 @emowe;fm alrnetylPm@wqr@&?ﬁe&aﬂe@ybyhammmlewl of

poi nt - t 0- poi ntneh&&%&in@ﬁe@%ub(h m@mmt@eanq&t l%mgm&ﬁmgggws1aﬂn§&qslnncl ude
several processors, processors are shown for

clarity. Pr océ@s%&oémg?@haf%éa“h’ﬁ?a @)é‘lfﬁo P%‘EI@i@é“‘%ﬁqcﬁ%ﬁl““ﬁ%ﬁ%l‘wlﬁ‘%t roller hub
(MCH) 811, 82dirduiks S10/MRChocksdrI8 TVEIROWnaP &ddh exEhahge amcle@&mb&t 80Gia 880 nay

exchange ta.vi ai n t. i.nt. er ace P interface
cireutvs 32 ngsBud Bkl 8y Bhunggnh b RS RERIL AT B o
chi pset 890 vPE. ABPsadio) mduiabo dRelRngenipte mithe bigh- 8@®1n1®%rMI0ﬂglcw@8ﬁtvmt 0 point

interface cirghibf. ﬁm@%&mc@g@%ﬂncﬁﬁgrfdc@§é E%&ﬂﬁ@ﬁs B0 m@?rlyw@}n%pbe%wnge data

with a high-performance % hics circuit via a h- per f or mance
gr aphi cs i nt elPFaBRMBEY (8 s prttin 6"f‘p5€‘f§80’|0h%ﬁ€‘i‘t@r‘?‘“r‘rﬁy”%?ewéé’upl ed to
conput er bus ((ﬁﬁléd@lhle%&)&SOOfrFlgMetd’ll n Chl pset 890, or coupl ed to data

st orage Séé or C(a)'ﬂ%lr eenqaodlments Qﬂf %lmventlon Wlé\llegl'rlna eg t in ot& Cucmts [Tb%dl ments of
t he i nventlon, howeve may e In Oth circults, ogic Unlg{ or

devi ces wit hi wnits, Wedwsi\emmhe ﬂ?btgru pErigire Ftlimttﬂwenqmmwther ﬂnlwtiilnents eftbodi nents of
the inventi Onm%}{oxnﬁ"dyq;eﬁkﬁlbgw tﬁx@u%x'[]ﬁt%&%ﬁ?&km&%@& ﬁ'rlltsci)'r H&web Iﬁustldtgcgl C unit S,

or devices illustratéd in Figure he invention is not limted to the
embodi nents dés&Ped, but can be practiced

The invention is not limited to the embodiments described, but can be practiced

25  with modification and alteration within the spirit and scope of the appended claims. For
example, it should be appreciated that the invention is applicable for use with all types of
semiconductor integrated circuit (“TC”) chips. Examples of these IC chips include but are
not limited to processors, controllers, chipset components, programmable logic arrays
(PLA), memory chips, network chips, or the like. Moreover, it should be appreciated that

30  exemplary sizes/models/values/ranges may have been given, although embodiments of the
invention are not limited to the same. As manufacturing techniques (e.g.,
photolithography) mature over time, it is expected that devices of smaller size could be

manufactured.
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25w th nodification and alteration within the spirit and scope of the
appended clains. For exanple, it should be appreciated that the invention

i s applicabl M th all types of sem conductor i rcuit
("rcY) chlpsewégﬁmeis of these I C chips include but arg%ﬁgﬁgﬁ&@% %d to
processors, controllers, chipset conponents, progranmable |ogic arrays
(PLA), ‘menory chi ps, netmork chips, or the like. Mreover, it should be
appreci ated that 30exenpl ary sizes/ nodel s/ val ues/ ranges nay have been
given, al though enfbdtareatsltehidreaidmedificition e embrdindundftiednvesionhe sanme. As

manuf act uri ng WiesdustBeSmk @ppdrent t@?ﬁ’etl 8h bf ch@l r%@(hyl)x YR Wi hQ/‘ﬁFgrreah ke, it is
expected that devices of_snaller sl ze coul manuf act ur ed Wher eas

many al t er at i SHESCHR deshitionitanieibe rulersirod thy a‘é"rﬂ?B’GFli”FéﬁlbO‘B‘Tle“tt He™p Akdent i on wi | |
no doubt beconescaippay et oftitisteatipe f01 waf/ HﬁHndddﬁ(aIS@/coﬁdﬁleleH limiinghe art after

par i cul ar eroar e, A TRE BBk gl g R EE SN ¢ no
way i nt ended pﬁmbéme©n@m@eﬂa@ﬂh&nwnm@b%5$h®m@®0wsn&meﬁ@ﬁmmdegmio details
of various enmhpdiyggnts are not intended to |limt the scope of the clains
which in thenselves recite only those features regarded as essential to the
invention. CLAIMS What is clained is: 1. A network adapter conprising: a
first controller to change to a first node froma second node based at

| east in part on a nunber of transmt packets; sizes of a first plurality
of received packets; and
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intervals between arrivals of the first plurality of received packets; and
a first nenory to buffer one or nore recei ved packets, wherein the one or
nore recei ved packets are buffered longer in the first node than in the
second node, wherein the first controller is set to the first node if the
nunber of transmt packets is smaller than a first threshold val ue;
the sizes ofAibg first plurality of received packets are smaller than a
second threshold val ue; and differences of the intervals are not within a
first jitter value. 2. The network adapter of claim1l, wherein the first
buf fer con@iiSesiafnddilst menory for use in the first node and a second
menory for use in the second node. 3. The network adapter of claiml1,
further conprising a buffer control unit to send the one or nore received
packets fr n1thgnW%%¥ﬁ&£H%?qpter.to a platformin a burst repeatedly every
: e

first duration. ﬁd?@“%ﬁ%pter of claim1, wherein the first

controll er is opéirsabdrgroller Wathenige toe, findd ibdsfromeadcngl modd eed atoibasn@t wor k
packets and wi thout decrypting encrypted network packets, whether to
transiti olP¥'®t he first node. 5. The network adapter of claim1, further

conprising a buffiffibet offrdrRitpatiets 0 send the one or nore received packets
fromthe network adapter to a platformin a burst repeatedly every first

durati on, vvhe_reﬁizf?sf’ﬁj%ﬁfsfP‘é‘fa“&bmfe{?‘ieé)‘f?dipéc@ésﬁ ?‘éjccordi ngly to a power saving
profile associ %@Rraﬂ'Hehwéeﬂ%rrmaﬁtoff%erﬁrg%‘éﬁt'y%f H&@iv{?& pickagmagnters a sl eep

state nore - 20 - frequently if the buffer”control unit operates in the
first node thare fifst mamoputofterfer omt eromongrieteivedaagetss whareirhdie sue onthonmde.

received packets are buffered longer in the first mode than in the second mode,

wherein the first controller is set to the first mode if the number of transmit
packets is smaller than a first threshold value;

the sizes of the first plurality of received packets are smaller than a second
threshold value; and

differences of the intervals are not within a first jitter value.

2. The network adapter of claim 1, wherein the first buffer comprises a first memory

for use in the first mode and a second memory for use in the second mode.

3. The network adapter of claim I, further comprising a buffer control unit to send
the one or more received packets from the network adapter to a platform in a burst

repeatedly every first duration.

4. The network adapter of claim 1, wherein the first controller is operable to
determine, without reading contents of network packets and without decrypting encrypted

network packets, whether to transition to the first mode.

5. The network adapter of claim 1, further comprising a buffer control unit to send
the one or more received packets from the network adapter to a platform in a burst
repeatedly every first duration, wherein the first duration is set accordingly to a power
saving profile associated with the platform, wherein the platform enters a sleep state more
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6. The network adapter of claim1l, wherein the first controller is operable
to determ ne whether to go to the first node in conjunction with settings
in user profiles. 7. The network adapter of claiml, wherein the first
controller is operable to repeatedly determ ne, at every sanpling interval,
the nunber of transmt packets; the sizes of a first plurality of received

packet s; aﬂé?(&h@y inthe bY@ rScoR@bMaRNoRFidsVigtl tBe Bfst hid@e kilahSE tR! BUTRL bdrddf
recei ved packets. 8. The network adapter of claim1, further conprising a

second contfibpnesytesip thefepanddeodsr t o decrease snoozing intervals (SI) of the
net wor k adapter based at |east on the first node and a nunber of the first
plurality of received packets. 9. The network adapter of claiml, further
conpri si ngba setndeponkt radifjter of oladecl, eslsecia thadosgti paptioltreisv aperdtdt Jto of t he
net wor k ad r. if reth ope, packet is recei.ved,.. 10. A system

compri s ngtorg bt 4 B SR PAIC P sauin b B SE e st BTy
controller; a network adapter to determ ne whether to change to a

first node,fro second de based at least |n part on_a nunber, of
transmit péckeﬁ‘% SFOEC gflantery o §]F‘“’E)Ia1ur‘511‘qr‘f‘9 s fﬁgc%qrveaerpgcﬁ%eﬁ%hle dhd
interval s RptaeBNdastiinRhsevely saRglifd mikvdd] urality of received packets; and
a first nmenory to buffer. one or nore received packets, wherein the one or

nore recei ved p&eReNBerH Eapyit eackels onger in the first node than in the

second node,  (he sizMEEr éﬁﬂ§m9%¥%9&5m?&ﬁQ&§%nhs operable to transition to
the first node if the nunber of "transmt packets is smaller than a first
t hr eshol d val uethe intervals between arrivals of the first plurality of received packets.

8. The network adapter of claim 1, further comprising a second controller to increase
or to decrease snoozing intervals (SI) of the network adapter based at least on the first

mode and a number of the first plurality of received packets.

9. The network adapter of claim 1, further comprising a second controller to
decrease a snoozing interval (SI) of the network adapter if more than one packet is

received.

10. A system comprising:

a platform comprising at least a processor and a memory controller;

a network adapter to determine whether to change to a first mode from a second
mode based at least in part on

a number of transmit packets;

sizes of a first plurality of received packets; and

intervals between arrivals of the first plurality of received packets; and

a first memory to buffer one or more received packets, wherein the one or more
received packets are buffered longer in the first mode than in the second mode,

wherein the network adapter is operable to transition to the first mode if the
number of transmit packets is smaller than a first threshold value;

the sizes of the received packets are smaller than a second threshold value; and

differences of the intervals are not within a first jitter value.
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the sizes of the received packets are snmaller than a second threshol d

val ue; and differences of the intervals are not within a first jitter

val ue. - 21 - 11. The system of claim 10, wherein the network adapter is
operable to determ ne, wthout reading contents of network packets and

wi t hout decrypting encrypted network packets, whether to transition to the

first modey;, 127heTBRicaY 5 8800, ChRdrbh 1R nMiBHCARPIP & ORI 6 ALBRERS
conprises a buffer ‘control unit to send the one or nore received packets

from t he neitheit keadingproatentsoofanepyaak fpaeletsi andawithous dearpiaateaetyptedvietwork i r st
dur ati on. %&gﬁt?,m%t}%}!?ot& I%m 90' tﬁ% ms}gfogg\!her ein the network adapter

conpri ses fer control unit to send the one or nore received packets
fromthe network adapter to a platformin a burst repeatedly every first

duration, erei.n the first. dyration set accordingly to.a_.power saving
orof 1o asthor ol Beareene st s Rh i ar SR s Bpvess i BLFGT o) o
st at e nor eudif ©GuRNE ¥né br hbiR rbitiedpackRBt ffadh tHenictw@R @t $o h Plattben id 4 st node
than if the buffer control unit operates in the second node. 14. The
system of RurshireRedgdIvgneny dirs dpréomet wor k adapt er conprises a controller to

i ncrease or to decrease snoozing intervals (SI) of the network adapter
based at |east on the first node and a nunber of the first plurality of
recei ved pktketEhe systsm ofipdaimgy k) stieisin BE aptyotioadapis cenpriseh @ Wéﬁemrﬁmﬁdapt er

conprises @3:C8nRLL, oleral i et wor k

adapter if rlmr eE tﬁ%%ﬁeﬂéﬂg%&é@ﬁﬁ%g P ?Cekégi ved.{hg r{fg‘?c’?g’%%lp éys% %&B‘g? ItITtl(;?ahazlpm 10,

wher ei n t heirsietpvatreklyachapt Erst idsrapian,t wiadreintbe fiksatdotion is $6t. acfordimghyo a

conpri si ng; . det.er m ni. whet her chapge. t.o a, first de froma

cecond: moditsastine PR RO WG BE DB 8P’ B Bl pERE 6 Ses

of a firststgpémoad frdgueaty if dreiuvdfetdcqpaokeatiSopetind ih teeirviahsdeliRinvg ére lifter val s of
ofér.e ei ved{lﬁggkets; storing one or nore received

the fi rSto‘i%l urlal lté
packets f o4O BHSEFA|5E M Ba SgRn #irst node than in the second node; and

14. The system of claim 10, wherein the network adapter comprises a controller to
increase or to decrease snoozing intervals (SI) of the network adapter based at least on the

first mode and a number of the first plurality of received packets.

15. The system of claim 10, wherein the network adapter comprises a controller to
decrease a snoozing interval (SI) of the network adapter if more than one packet is

received.
16. The system of claim 10, wherein the network adapter is part of the platform.

17. A method comprising:

determining whether to change to a first mode from a second mode based at least
in part on

a number of transmit packets,

sizes of a first plurality of received packets, and

intervals between arrivals of the first plurality of received packets;

storing one or more received packets for a longer period in the first mode than in
the second mode; and
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transitioning to the first node if the nunber of transmt packets is
smaller than a first threshold val ue; the sizes of the first
plurality of received packets are smaller than a second threshold val ue;
and differences of the intervals are not within a first jitter value. 18.
The nethod of claim 17, wherein the determ ning whether to change to the

first node is peidsRloNBE WittcN@YE mb&AFIRhuRAE 6f‘ttr§1sﬁhﬁt glteOisknf&KBLP2 and
wi t hout decryptlﬁé encrypted net wor k packets. 19. The nethod of claim17,

further cofistiheishejdsalieli ng the one or nore received packets to a platform

in a burst repegtedy SUGE ¥l }glﬁxtagg/c{)@}écg@ed a8ets THE JRNBP guaﬁf ?%I%k@o%wa

further conprising increasing reasi ng n002|ng Intervals
net wor k adtéipiskold balsedndt Ieast on the flrst node and a nunber of the first

plurality of ved packet i% | aim 17, further
conpri si ng decr‘ggfl feﬂﬁesg?é’ﬁd‘a)t?ivﬁ]d S0 Wtohdna( F‘)J“g"f UYet wor k adapter if more
t han one packet is received. 22. The nethod of claim17, further
i Si ' ng jnterval (Sl). of a network adapter if no
(F;g(r:nlzre![ S: 2 g}%g o lgearlngtgog ? Ql?uorr% I17 gwherem the dete(rmn)ling whether tow?lange to tﬁe Erst
mode is performed without reading contents of network packets and without decrypting

encrypted network packets.

19. The method of claim 17, further comprising sending the one or more received

packets to a platform in a burst repeatedly every first duration.
20. The method of claim 17, further comprising increasing or decreasing snoozing
intervals (SI) of a network adapter based at least on the first mode and a number of the

first plurality of received packets.

21. The method of claim 17, further comprising decreasing a snoozing interval (SI) of

a network adapter if more than one packet is received.

22. The method of claim 17, further comprising increasing a snoozing interval (SI) of

a network adapter if no packet is received.
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