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and the increasing demand for WLAN coverage is driving the installation of a very
large number of Access Points (AP). A variety of other wireless networks have been
installed, such as cellular and other wireless networks. Some wireless networks are
based upon the Institute of Electrical and Electronics Engineers (IEEE) 802.11 family
of industry specifications, such as specifications for IEEE 802.11b, IEEE 802.11g and
IEEE 802.11a, etc. A number of working groups are working to improve on this
technology or family of specifications.

[0003] A High Throughput WLAN standard known as IEEE 802.11n has
proposed a media access control (MAC) frame aggregation technique to aggregate
multiple MAC service data units (MSDUs or MAC data frames). Multiple MAC
frames or MSDU, e.g., having a same destination address, may be aggregated
together into a single MSDU (A-MSDU), with additional fields inserted into the
resulting aggregated frame. In this manner, additional efficiency may be obtained by
eliminating some duplicative overhead for the multiple MSDUs. The Enhanced
Wireless Consortion (EWC) has proposed a similar MAC aggregation in the EWC
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values or with difterent access categories
stream or AC. The transmit timer may be set or started when a frame is received at

the MAC. According to the 802.11e draft specification, if the value of the transmit

timer for the frame or MSDU exceeds the Lifetime (or delay bound), then the frame is
discarded without further attempt to deliver the frame.

[0007] However, current proposals do not specify how the frame aggregation
mechanisms may relate to or operate with the Lifetime values or with different access

categories (ACs).

SUMMARY

[0008] Various embodiments are disclosed relating to the use of timing or

2



SUMVARY [ 0008] Various enbodi nents are di scl osed
relating to the use of timng ortimng-rel ated
wonbavoseisd on f or handl i ng aggregated frames i nPa@T/IB2006/003162
networ k. According to an exanpl e enbodi nent,

. W reless, ) [
tlmal%eéﬂt%‘f infqrmation forhesdlingadgeegateddianeas in Avicdgt agmtoskl
fra sed, on.th lyralit f .
' comecdtiihe 18 AERRAAL BALRRRRY Srbn Rulrtfefies apike received,
Anaggreggied dmbmayebergeyetatddebarl 6i M PIRAKO G &teRed frames. ‘A
transmﬁgl on ltletIzetl me of one or nore of the recelved

transpiysion lifefimg forthe pearesaterbbamemay berdetermingd asesisinon
adshfigtd : . er m ned
S Prell of D GUABAREE e biOIP AR M Sl o,
embesimant, thertenehissidn fifeimes for theapgespated femenhopbaBatmiged

Lity of r ived. frames may be aggregat ed that
basi o RisphotpRtion Bk a s Nacer st FsAnbt reagsed Hameokn an
exafifhll @850 BMEAOA pludity 8f ﬁcév@@ﬁ%m]@Q ﬁﬁﬁ%e %?%rggﬁég tH3t are

e enhbo t, a

. traffic class. In another exanp
diregfed ta the spmstdestingtior ondsstibetiorearidiase dnd/ér thatare nahmt ackess

tRBF be determ ned for one or nore of the
A

ranes. The tinme-rel ated paranmeters nmay each

e lasmotheat:athplé éhbaiiteans piuealitobf Fhhel AP bt %ccang. of
An_aggregated frane nay be

b
. the received franes.
tlm‘ijéeﬁ%t?fg%fams%?g BYY R d@ﬁémisnea 3@1 qneyor gfore of thieveasivedframsss. A
t . ined for. t .
e SRR R A S i
onefogthegmecived fames. dfn dgdpeegaadidiaredmby b5 @encritOPBed Hathe

detaid s of .qne or nore inplenentations are set fort
Pl“rﬁﬁtytﬂféecﬁévéé%%i égtﬂa?'é‘?/!%a Aagmeter praychestetaripinedrfor the

HRehtelvf; iB%-1 t :
aggleg rafdetRked GAhY HER-1Matdd aﬂr?gar?ﬁglf‘nfo? E%e {)31{ r?all&lﬁs c{ﬁ%ﬁeﬁgved

description and draw ngs,
framgsSCRI PTI ON OF THE DRAW NGS [0010] FIG 1 is a block
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aggregation. [001 3] FIG 4 is a flow chart
illustratin Oﬂger ation of frame aggregation according
to an exarﬁl%@E cRESERIETION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram illustrating a wireless network according to

an example embodiment.

[0011] FIG. 2 is a block diagram illustrating a general operation of some
layers of a network protocol stack.

[0012] FIG. 3 is a diagram illustrating operation of a frame aggregation.

[0013] FIG. 4 is a flow chart illustrating operation of frame aggregation
according to an example embodiment.

[0014] FIG. 5 is a flow chart illustrating operation of frame aggregation
according to another example embodiment.

[0015] FIG. 6 is a diagram illustrating operation of a wireless station and AP
according to an example embodiment.

[0016] FIG. 7 is a diagram illustrating a format of an Add traffic stream
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[0014] FIG 5 is a flowchart illustrating operation
of frame aggregation according to another exanple
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Points) may be coupled together via wired links. One or more embodiments

described herein may be applicable in Ad hoc operation mode, where the stations
(106,108) may create a network together and communicate directly without an AP.
[0021] FIG. 2 is a block diagram illustrating a general operation of some
layers of a network protocol stack. A network protocol stack may, for example,
include a number of layers, such as a media access control (MAC) 204 to handle
various functions related to control and media access, and a physical layer or PHIY
212 which may handle various functions related to transmitting and receiving
information over éphysical media. A frame, known as a MAC services data unit
(MSDU) 202, may be received and processed by MAC 204, including adding a
header 208 and/or a trailer 210. The resulting frame (including the MSDU 202, header
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AP from a network such as the Internet. Ifreceived at a station, the frames may be
received from an AP or from another station, for example.

[0024] At 404, the wireless node may generate an aggregated frame based on
the plurality of received frames or MSDUs. For example the wireless node may
aggregate a plurality of frames or MSDUs into a single frame or MPDU, where the
aggregated frames may be directed or addressed to the same address or destination
and/or that are the same access category (AC) or traffic class. If the MSDUs are
directed to the same destination or destination address, this may allow the MSDUs to

be aggregated or combined in a single MPDU and share a common header (e.g.,
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specified by a receiving node, or may be negotiated between two wireless nodes. The
delay bound (or MSDULifetime or Lifetime) may, for example, be specified in a
Traffic specification (or TSPEC), which may be specified or provided by a wireless
node in an Add Traffic Stream Request message or other message.

[0027] Three frames of a traffic stream, e.g., frame 1, then frame 2, then frame
3 may be received at the MAC of the node. The receiving node may, for example,
start a transmit timer for each MSDU or frame when the MSDU or frame is received

at the node’s MAC. According to an example embodiment, each MSDU or frame
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the FHMG 1%59 bE disBaatd Eehg.,tftga%ne may be transmitted until the frames transmit
timer reaches zero). Likewise, the transmit timer for the aggregated frame may be
initialized to Lifetime (e.g., at the time of aggregation or using the timer value of the
newest aggregated frame or other frame) and count down. The aggregated frame may
then be discarded when the transmit timer for the aggregated frame reaches zero, for
example. Other techniques may be used to determine a transmission lifetime for an
aggregated frame.

[0031] FIG. 5 is a flow chart illustrating operation of frame aggregation

according to another example embodiment. At 502, a plurality of frames may be
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i ndi vi dual frames or MSDUs, the aggregated frane

(A-MsDU) nmay, for exanple, be discarded when the
woibEocemo f or t he aggregated frane has been exeewaBz06/003162
rp’ tiner for the aggregated frane exceeds

e.g., 1
I ec‘%_l?e/?cg?ti Wﬁ?‘gfc\ lshé’ % ?@F‘F?l_éteg i @maxde det@odedd for one or
mofd dERLEVE Hranfls ! i Hahpld dodiBlnr! DRHAANRIL Pl rameter

frame may be initialize
mapbeessgeitied Withaarranssiivi@slifetime forggr & gad Rdeived ﬁrames). Inan

start r initialized at the ti of aggregation).
exas R ooRigh madTewn Bmst ek N6 caReshior piuraes (papLRU)

dERASKY . i . > X | each
T e B el P ek b e A AR B
timergnay beassoeiated withe bagvebdudiditivetodrirankmidsfoartfetiae since, in an

el ved,.at the node.s. MAC,. and then may count down.

exal R R i U DO RisBio M inE ek AR b be et tier
excéddafiie DilMtihe Difswas #a9, fHe e;&t_mplé,rb%f‘.eievaéri:a?evints’h‘%aﬁ,;gﬂél1 R

until the franmes transmt tiner reaches zero
delqy; (Reglaw bourkh at 3 apdanior a fiameor treffia fieangyrAGaie 404, rotine

i Gh B8 AL L AUAE IS Sgmgdla, AL o o

tiron or u
transggsiegaifeiing ohom: armaet iereathpsahe RREIVEQBAeslown. The

egated_frane nmay then be di scarded when the
[Oﬁggi]s mi 1A% 300epn pEFregatd ps Bgube genaraied bassdoindbe plaradity

f réRfve@fRRSE F e t (oo
O tr ansm 8si o‘%?fﬁ?g{eiﬁég%i‘g%ﬁgﬁ%gﬁgg‘?@%ﬁg@& thiay Be
aggreg@ed [ntep@: fimie AaVISDATY ot lreio boné MRIBUT @lthdi@y R Glahen

of frame regati,on accordi ng to anot her exanpl e
asss tbo&’ilﬁ%ﬁggﬂf‘%?@; a plurality of franes may

. t i -
[0083Jecei vab08! a 8nRaERtedVarantder Br fh'ed"ﬁgg{e%lé@%l 2@%’?\%@@ er

may be determ ned for one or nore
deteringd basedrpnahe Exernslatedaatasatiters fior, the ashot e reediwddeftbhmes.

g ter be ;associ.ated with.a transni ssio .
Aco B B o U BRIRRLY Bt b Batdrite R b easaniprce
for therhgtegamad frame by aslelidg 4 fiErelARY phRnRIR I 86 of Bk r&RRRI

DU) and nay be started when each frame is

frame (qr M5 ) ,
(andraegéﬁgé@g) famgs ArMSRUs\@gs seteried timprselpted parpsreterayayiiben be
[ lt r 1. ndi Y 1SSk on
PO il SO\ LA
transmigtiger xithendwdsevr mostregentdy piceiedifimmet hay be adednik the

ti. ds th ifeti Lifeti , f | e,
tranggy ¥ BingE 1 08 Rpsriesc . ke e Py (05 en g6 el
as theloldest@&ife f@levan hil aVRadd tiﬁérafafde%@bﬁeeés%ﬂp b\;\ﬁaﬁgﬁﬂr}rggﬂéh

other tine-related parameters may "be used
paraggters may bereseda yuchaasadifetime timer that say count down, or a transmit

timer for the aggregated frame that may be started or initialized when the frames are

aggregated, etc.

[0034] As noted above, MSDU frame aggregation may be performed in
which multiple MSDUs are aggregated to form an A-MSDU. An A-MSDU may be
provided within a single MPDU. According to another example embodiment, MPDU
frame aggregation may be performed where multiple MPDUs may be aggregated to
form an A-MPDU and may be provided in a single PPDU. This may allow multiple
MPDUs to be aggregated at the PHY level (in a single PPDU) even where the

MPDUs are being sent to different nodes or stations (different destinations).
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transm ssion |lifetinme of one or nore (or each) of the
received frames. [0032] At 506, an aggregated frame
woay7mesigener at ed based on the plurality of reeeraBI06/003162

For exanpl e, the plurality of received franes
[({dz%igDUS Agegyding t%ggtraélgﬁleewamnloem edimeatyif t(lédrhﬁﬁhi):te@r

Rl e e oD e S ICLA IRV e
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traspsyion i AE g2egegatcdiiame PeMSIH maﬁ@ﬁtset awcording to the
trarshiTRidil e 8 0P SRy (rBE A EH T N80 1L i svquid

aggregated frane ngatlmsre
allogf t ﬁegmgatcmM&Md éA\MSD(U&) nd caggin@di édnek HaBmykiend

oo PR e e T B e e e et
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ageregation chrdiiRU) notde vsed sinpreit agzgradigwttsmhsmrsmm of Mi8DUs

bey?ﬁc?ﬁﬁ%fpd(elagr IELd Broﬂlg N9t g@{ {p‘g{ﬁ%g’lﬁg?@ﬁ f%ﬂﬁqjﬁ!%s%iﬁmd)

, or-even an

Ho@vhe,rMPDUEaglgﬁdgaﬁ@lﬂ (ANPDEY &2 ? beRN¥edRr HEREr ABY Cﬁcﬁﬁs s,

etinmg timer that may count down, or a tran

s1ncF Iarpglnsmg e glaé(dqua@@g@ for epch M SDR kfor rﬁlgwAk}‘dP@[(h(retg,ch or
sped[lﬁé brn@dnliz@sh Hletfﬂxeegcﬁ r %h@ggl\ﬂgﬁiég]@y 89% lﬁeavlgggsted

As not ed above, range

for lpéhﬂ(fﬁ@mwh s W@BdmmAM&DE nﬁ@[}h}svﬁé %n@ﬁﬁﬁs@ﬂ@%&g 1if®ime
in a

d
for P e NS AL e rangealoBge s R AlARS B LSt the AATDU).

¢ tipl
e R ] AR

aV016rvgp§‘p%@etwﬁrlgreg¢urg¢sé, IPIDDUchHJpIs elﬂlhydlﬂiehDWA'dSUbﬁiir@ t@lan

I I n a single
exa“ gtéjfhbé@lgﬁe%&h%% at e%ﬁ?&%ﬁ E@ﬁ?eﬁg%&ﬁft‘e@é@ @ FemPEAng
multiydld §ames oSMSD)Sthé Sirhé a6@D bt 1@@5%51& Mé ORI, da@%@ka able to

According to yet another exanple embodi ment

de-aggregatpiheragaroghtgphirame taﬁlﬁé@@mﬁllaidﬂfi?gm@ may ha@ or
en .no
e e AT Lot LR o pired

forth@g\dlSDWhe transm ssion lifeti (rjre for tthﬁ a?gregat ed o
- t e transm ssi

[OG63Ct | i G e BBl imbr R GHB b CHERE o ABDRY Proyide power

man&peaiEat By opddatin %@uﬁinﬁa‘i’l #o%r-@ggrd%gengQA%Byn{dﬁé MEDU)

to contain ol r frames that may ex
APSD may, for example, provide two delivery mechanisms: scheduled APSD and

unscheduled APSD. Stations may use unscheduled APSD (U-APSD) to have all or

some of their frames delivered to them from the AP during unscheduled service

periods. An unscheduled service period may begin, for example, when the AP
receives a trigger message from the station. According to scheduled APSD (S-
APSD), a station may receive a data transmission schedule from an AP indicating a
service start time and service interval when the station may receive and transmit
frames during scheduled service periods. For example, by using APSD, a station
may conserve power and extend battery life by remaining in a lower power state, and

then waking during a scheduled or unscheduled service period to receive and transmit
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beyond the delay bound (or Lifetine) specified for the
traffic stream or AC. However, for AC3, in an exanple
wenbwdicemsnt , it may be suggested that MSDU aggpenaB10061003162
( A- MsDU) not be used since it may allow transm ssion
datgyt  \BDUs beyond their delay bound or Lifetime (where

: h d
LODBT) ' (PR B2 Uk LW St Bt i 38 R e AP
accendoty tasnASAmpleientedindnt, amsmietex&mﬁﬁ IShwRY anIGarasph arlidsor

for t eA-I\/PDU e. speci f
Stat{of‘adb&rﬂlqu?edﬁ irg @ﬁ.cm@ica@a@ i ¥ (avpess PoWB04may
Stat'i’c?i 662€m§n§;§9p 18 dgf QleithLANOIA PSS n?%%?vﬂ?h@%?&dséo%erlsﬁvee

one transni'sSion

dehaggmm,eadsmu mode(sbhalmskeﬁ asomatid pdvesk sae detiferd ﬂmde) or
The transmi ssign of exp

 nQ R SEHUHP L BE S e 8t PR RPGhoSIZRP 613 gy AL AP 604
an A&} @afﬂc tsﬁe@ﬁ &’dm% (‘lgfd"l’@rlt\eq‘h@%)@(%cl%n%‘%esuhg ¥ etup of a

exanpl e enb |rrent ccor Ing to an’ exa
newetmfﬁg Stieau. Asodﬁ@gbghbqlggrtég atdeld Sfrequest majsmohxela some fields

desdHHt ?1% %gﬁ ic SS‘E%% (%gcglga% c{ellaryg%f)gllﬁldtwpakg %ng%r he Frafichot

strelir, &bl) end ouste pAgdiyagakeesh b&egag (A03t&dnd fraR s¥r@am request
discard a particular MSDU that may have extended

a Se’afé%?fdfﬁnﬁ@lsa@iiéghqéé@n gmeng pibeeficlds AP ¢4 may mwrdemlh on
anot her

el MR 5 e Y5 (OO0 T a

datarteanaméssiontsclndutepds ai lAki@ trafifi@gtreatt QURITISY rdd g-save

(A RAST o DT EA S e e02 Do dos s el Kgoment 612

to APsyghedul ed APSD. Stations may use unschedul ed APSD
éU—APSD to have all or sone of their frames delivered
[0938) he mlEohistshdiagiemdUnstraging mfoinead o enl Asld traifiestream

b f
roqu 88 ecc QR B Shmpl Btnibghn Ragd S e Tod
1nchid¢&1 BIAT héder 7ARCAGhABIntRIdS GHGEN £ oﬁ?@%%@@ a ﬁme

tation may receive a data transm ssion schedul e from
bodsa?ﬁo‘}md eh@w@atchwg sgqusaes (TeS)Sh04r fn e pxamapiel embedinmeet, frame

t el ve .and .tra
o P TR b B B S e s O e
Addbg remlemg&aa@mdyavcmtmﬁy rmnluﬁayt cmlgsl@rﬂ/eed PrOst t(fl@ Slalaa«st e 3 d
. ..batt in a | ower power state, an
md“iaﬁéﬁwe %%ﬁe[?&’% ecﬁsn adiopdielth T manbe et de pyplve
mdl@ghgggidt[gr&ﬁggﬂ ve and transmtdata. [0037] FIG 6 is a
diagramillustrating operation of a wireless station

[0039] AP AddTS request frame body 708 may also include a traffic specification

or TSPEC 714. TSPEC 714 may include, for example, one or more parameters or
values that may describe QoS characteristics of a data flow or traffic stream (or
requested traffic stream) to and/or from a station, as well as other information. Some
of the example fields that may be provided in an example TSPEC are shown as
TSPEC 714 in FIG. 7.

[0040] TSPEC 714 may include, for example, a TS Info field 715, which is
described in further detail below. TSPEC 714 may also include one or more
parameters that may, for example, describe a requested schedule, such as a service

start time 719, a minimum service interval 721 and a maximum service interval 723.
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according to an exanple enbodinent. In the exanple
shown in FIG 6, a wireless station 602 may be in
WoR00e6180 conmuni cati on with an AP (access poi RCY/IBDM6/003162

Lon 602 nmay he operating in either a U APSD node
TSTR LR iR 00 AT VAR e e chamaserkSpofodsa
flow d I ' i ver.y. nod r
o»ﬁl]oﬁ Hgﬁg}&sﬁt‘_églg\lfgp{%gées?edggﬁgi gt?rp Sfét?ch:jlras &1%1&1%%% _ra%e 795,
peakidatairale 7202delay bamd 720160 Deday Pl tniBf dpeifis tfoe@inple, a

AddTS) reques AddTS, Request) 606 requesting the
ma’g&q’g‘bt%%‘fmﬁgﬁ’]%‘hﬁ?léya?‘ﬁr aur ditFidags framme delivieryp ebhip 8pldvnat he
indibale TR magimash domy fdrracﬂrééﬁ@at%os%cinib&'ﬂﬁ describing the

traffic stream (such as a delay bound, peak data rate
[004] t he Inraapther esbodimnent, et A-)ISENA delaybenndo?40aniyt e or

pro@EEE RS} £ ARl it b st el eyt Serrercgriad.

franA( ) Ze RO A OMB D)) & Thid g )
mgf(at i ém 602. AP 604)r maly(Htﬁllgygélrllpl pro?/tiag(gH ?Iﬁépﬁal%g&%glfferem

delayhoynd pr Ay giims foranseategatcd fiame, for etaidpler ASPEC Bldrmeaym

incledS D rdigsponse (AddTS. Response) 610. The station 602
e may tﬁ%er@%fow de an acknow edgenent 612 to AP 604.

[0042138] ?}f._(ﬁerrl?lgits adowkiragftiomn dfﬂFI(}S 7riaé iIBg_nﬂ) £iQ8 T84 oPfhean
affic.stream.request franme according to an
Ts@ggﬁf{ WAL HgaHie rﬁ.’lc B 750 W\%@Jﬂe@@y,ffpvawma:g@ indigate a
ibdhie 4 DMAC b2t At 1L NG] L ddr ess _and
P ot her I;kiixcn or mat %ﬁfﬁglﬁg r arredi’%%%@@%w %ﬁgl%gd?rf‘? ai@é”c‘kr

othes gig{femiype.( AGSID70S. providesn eaffiopirears D Gilleittfidr), aht ame
may be an AddTS request

. bod f ddTsS r.
o A S B D

to AIPNSthtisietodstarine e didfredlodaly 1 253 IAE; gﬁf% I ng
° QgS (e.tg. ,. QS rel atredlof ?Iangf?&EAﬁBg%ﬁ on #led;e i@é may
accegppelray fopthg tasfieerdamiiecatdontgnioin bSed eharest acceSOIHDCA,

o] 708 nmay, al so. incl] ude
confEELERERLs! AMBGH G A8 Ll iy o1 ey
be s¢trig [l ud éndidane thakanmigeega®¥Rheduldra skAoaNB e !irﬁiiéh&ing ghues

t hat y descripe QoS characteristics of a data Tl ow
agerggats pchefinle 1ot putiplq Dvall irflie ireams on s SieboRis being reqvested

(o SR ok ST 15,8 AP Pl T Wit (e 4 SOR BT R gy an
AP.exanpl e TSPEC are shown as TSPEC 714 in FIG 7. [0040]
[001@) ECWIZ %%iﬁﬁa Z2é r%:l}l/ gg gét ‘cc])c ?Eco 1n %:gpel tﬁét a?ltc;rrr?at{cngo%ve];-lsgxlfed
delivery (either U-APSD or S-APSD) to be used for traffic associated with the
TSPEC, and may be set to 0 otherwise. User priority 728 may indicate the user
priority for frames of this traffic stream (e.g., 8 user priorities may map to 4 access
categories, including AC0, AC1, AC2 and AC3). TSInfo Ack Policy 730 may
indicate an acknowledgement policy to be used (e.g., no acknowledgement, single
frame acknowledgement, block acknowledgement). Schedule 732 may indicate
whether a schedule is being used or requested for this traffic stream. When the
APSD 726 is set to indicate automatic power-save delivery mode, then schedule 732
may be set to 0 to indicate U-APSD and set to 1 to indicate S-APSD, for example.
[0044] A No MSDU aggregation field 734 may be provided in the TS info
field 715 to allow a station to indicate (or request), when set to 1, that no MSDU
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described in further detail below TSPEC 714 may al so
i nclude one or nore paraneters that may, for exanple,
wdesimrichso a request ed schedul e, such as a servPCE®I1B1086/003162
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OB, 1, it BT A
denied #irfd bightA@atredre (gg., AGB) bp usihgtlied¥io llVisSIamAIIAcgg;igaggllﬁ’lﬁg?
cce
73435385088 ity e Bt S hotbe JSPBY tdanarte i
comBiunRABA(t6 aﬁ@theﬁﬁlﬁi‘é?ﬂﬁﬁ&ﬂmb@ls)qg aﬁ@ﬂﬂlﬁ?g es%%e%f

control |l ed channel ‘access or
Addds|rpspppse mesresyetspeeifzthe stream b@c&mg spe:mﬂc paramatém ate

r a st.ation
Aceliie @ A ER TR ATIGE OPL e R0 P b pRus ejner
the trananitiet o6 thee@DB TSQEqResitidndMiticr F BRI ADDTSAHGDhEThA/R ¥et
ion) or set. to 1 by an AP when an aggreégate
the @%ﬁ(@}ﬂ e ggeeggtion feld, Bdi taédA@x/ other agEregation 3jechmEDN B4 be
t t tomati c power-save

usedqg)élll(?l:cra?/@ ag{:cg}ﬁﬂenlg t%_a}&gg{sﬁ@'é %gl%g@%ﬁ?vt 0 be used for

[0047]1 f i c AasSCepatifid Lifetilne firean BgRRgated MSJDWAEMM to 0

728 may | ndicate the user
Lt ERRY B et dRbetimctoss coescar (AE)-s i adtio, or nodes or
APs baffbritf fr@héd fose fﬁﬁyarﬂ@cptoté)stﬂloﬁq £98 oS RGO o e@rerr save
i ncl Igng ACQO, , ? %%I? %o Ack

delivegomeadg/(e.g., U-APSD or S- APSD) a larger AC-specific delay bound or larger
A-MSDULifetime may be used for such node that buffers frames for power save
stations. Thus, the delay from the power save station being in a sleep state may be
compensated for by providing a larger A-MSDU Lifetime. This Lifetime
compensation technique may also be used for non-aggregated frames, e.g., to increase
Lifetime for MSDUs that are to be delivered to a node operating in power save mode.

[0048] As nc\>ted, AC-specific A-MSDU Lifetime values may be provided. In
addition, a node buffering and forwarding frames to a node operating in a power save
mode may also employ a (e.g., AC-specific) minimum A-MSDU Lifetime, which
may be different than the general AC-specific A-MSDU Lifetime values. The use of
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i ndi cate an acknow edgenent policy to be used (e.g.,
no acknow edgement, single frame acknow edgenent,
wohowlsessinow edgenent ). Schedul e 732 may i ndi earaB2006/003162
ether a schedule is being used or requested for this
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; ' f body, 802 |
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softveteCGand7y mefnory @0GBBk@e dAAGAT oF BEROA RS CBRBLIRADY4 %Q%r bde
ma iBIcI ude a r}unber of fields, such as a category 71

prog(r%‘%ﬁ‘.a, % M Carbla gl expsyptingisaftvene Qogthélelngtmctllonslgtomign tg
hsig Fl \ at a

o oot on Shedur S i8R Al Sl Rblgher

descgiped pledwgs Fouetangde, oSOl 94 Sedy\bieqRo edttb iedRt a
. [0046] According to an

oAl e 1 gt i
oM AT By DB O

transpgsgren lifetime ofieae PemRE dlithe nevyivioé fraorsuhi atlitih, hGtorage

i
Ny AP) . i n ADDTS reque
e B0 e BRI i e SRS e
contstlleeanproessbri thg sPeekdli & BataIRIRE 504 ﬁ&%%gﬂ%éé éu}s filke of

xanmpl e enbodi nment,, MSDU aggr egati on nmay not
the iﬁ’FCtggﬁ Hépsk%fgs?rib&ﬁﬁpﬁ-er of the ADDTS request or

' t: T h et..t he No DU
ooy s Ao SRR S e B
implemerta irsdigﬁdypld@&onﬁs&diﬂcilimrﬁbnzinh cgi(i:ﬁﬁteé gﬁlfﬁlﬁi{:aﬁﬁi Fﬁ?{gﬁx{arnegnf of

i . 47 C- speci
S"ﬁ“za)r’(ﬁgrgélﬁ ‘é‘gtﬂnﬁgggfiq%eé%%ﬂtekg %@B{?nlqnfaélopﬁﬁl)ap y ieplepenicdesiaf | ed
compér REERMAREARS, @3 TRIAPatdr Hidgrah arBMl bh®Bdich 9 ap0deS
or

information carrier, e.g., in a machine-readable storage device or in a propagated

signal, for execution by, or to control the operation of, data processing apparatus, e.g.,
a programmable processor, a computer, or multiple computers. A computer program,
such as the computer program(s) described above, can be written in any form of
programming language, including compiled or interpreted languages, and can be
deployed in any form, including as a stand-alone program or as a module, component,
subroutine, or other unit suitable for use in a computing environment. A computer
program can be deployed to be executed on one computer or on multiple computers at
one site or distributed across multiple sites and interconnected by a communication

network.
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[00P8Li dedWhila certiii féabmes of tho deschibiéd eiplagemaibrs bavebehnng

. S to de.operating.in a power save node nmay
111u§at{a§%? aesrP‘SP%{@”g%(‘”ée}‘b .@W@%‘%ﬁ%ﬁ“ﬁl&)w AN, Aanggsgnd
equiviafeits Wil nodb&dur fRdhofeaskelddfif gt t e

1 AC-speci fic A-MsSDU ﬁifetiné vaIueé&ﬁgﬂggﬁg%’gﬁiUCCEgumd
thatthe:anagnded ¢laimsmse ingandedia eaveyalbsuchraedificdtionaambelenges as

£ . 0 | .QvVe Oor increase the
MI?@éﬁ?@%gﬁ?gg%ggfggﬁgﬂoéﬁ%%ﬁ%%n?ﬂ%'aggregated frame,

e.g., to inprove the likelihood such an aggregated
frame will be delivered in response to a trigger frame
fromthe power save node that is now awake. The
mninmumlifetime may be consi dered a secondary
mechanismfor lifetinme setting and it may be used
together with other lifetinme setting nmechani sns

descri bed herein. [0049] FIG 9 is a block diagram
illustrating an apparatus 900 that may be provided in
a wreless station according to an exanpl e enbodi nment.
The wirel ess station may include, for exanple, a

wi rel ess transceiver 902 to transmt and receive
signals, a controller 904 to control operation of the
station and execute instructions or software, and a
menory 906 to store data and/or instructions.
Controll er 904 may be programmabl e, and capabl e of
executing software or other instructions stored in
menory or on other conputer nedia to performthe
various tasks and functions descri bed above. For
exanpl e, controller 904 may be programmed to receive a
plurality of franmes, to generate an aggregated frane
based on the plurality of franes, and to determ ne a
transm ssion lifetinme for the aggregated frane based
on a transmssion lifetime of one or nore of the
received franmes. In addition, a storage nedi um may be
provi ded that includes stored instructions, when
executed by a controller or processor that nmay result
in the controller 904 perform ng one or nore of
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the functions or tasks descri bed above. [0050]

| npl enent ati ons of the various techni ques descri bed
woeo@ioac1say be j inplenmented in digital electr®araB2006/003162

circuitry, or in conmputer hardware, firnmnare,

software, or in conbinations of them |nplenentations

myWHRTaRESE K§VvaS) §g.comput er program product, i.e., a

conput er progran1tang|bly enbodied in an information

carrler e.g., in a machi ne-readabl e storage device or

ated signal, for execution by, or to
con roﬁggﬁglgﬁ@PgF%HW of , data processi ng appar at us,
€. Grecei RinB () A PIRAIIE HIRHRISOr, @ conputer, or
mul ti pl e conputers. "A comput er program such as the
co rﬁﬂlﬁ@?ln&( ampggregaied fratne awdonehe phinalhg ofactived i n
?rn1of programm ng | anguage, including conpiled
or in erpreted | anguages, and can be deployed in any
f ordﬂermﬁtﬁhgl H08) 238 emEioN AR r ], e‘?\% c} on a
nodul conponent subrouti ne, or other unlt Sul
tranﬁlarsswél ?tﬁn%loﬁ@li*ﬁpfmm@rg of fhei teenivasiframes. conput er program
can be deployed to be executed on one conputer or on
nul tiple conputers at one site or distributed across

mul i prée metles] @fudaiimnt arhe@ﬁlrtﬁ@ B eifbrath gt RPN LA JAl0 o
I ﬁﬁ g 33#&& hod ste may be perforned by one %r
PRy o ,S?CG e %rabf‘c@% Oéﬁé@etdieﬁglaﬁo@ owebibtare a same
accdak @gé@ﬂ},toptrgﬁfcfcqgsrpfunctl ons by operating on i nput

data and generating output. Method steps also may be
per f or med by and an apparatus may be inplenented as,

R SR R G
aggr(e@zﬁt@dl frembivathis mrénlsﬁlgsfa)hmaﬁﬁ@f’br Ghd %gggégated[f?eﬁé@.]

Wil e certain features of the descri
i npl enent ations have been illustrated as described

heyei n; ti titutions,
equi vaFe%?]%ymﬁD naér\ll(%valo %r?m ﬂi ‘?%%‘?En@ﬁlcpmé’&ls‘?srfpegq{@mlng a
transmission tifdtime foh eteefogrepatetl GrabR HapsiesS4 %@alﬁlﬂgﬁraﬁﬁﬁlssmn

lifet f?ded clains are intended to cover all sSuch

ICW%S‘? A RENS LA dSCRENRgesIvad fireel wi thin the true
spirit of the various enbodi nents. WHAT IS CLAIMED | S:
1. A nethod conprising: receiving (402) a plurality of
fr érresThfgmn’élOdtoif alpirg40Mberein tiegtaegatiag chbmariseshased on

th | urali. cei ved, frames;
getgrmmlng 1%2{ de tmaF 10n node for the agf,rreg{:l’ceéi frame is operating in a

power save mode;
determining a transmission lifetime for the aggregated frame based on a |
transmission lifetime of one or more of the received frames and based on whether or

not the destination node for aggregated frame is operating in a power save mode.

6.  The method of claim 1 and further comprising discarding the aggregated
frame if the aggregated frame is not transmitted within the transmission lifetime for

the aggregated frame.
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determining (406) a transmission lifetinme for the
aggregated frane based on a transmssion lifetinme of
woner7oe61s0r e of the received franes. 2. The nePooABDNG/003162
claim1 wherein the generating conprises aggregating a
plurality of received franes that are directed to a
same deshielRid BhRthet hat are a sanme access category
or traffic class. 3. gThe nmet hod of claim 1l and further
c ontsediving ¢542) andwdatityi ofdrantes; aggr egat ed frame within
the transmssjon lifeti for the aggregated frame. 4.
Th edeﬁ%ﬂ’fBHg gﬁ’ﬁ?é’i@ﬁ"@ﬁ%ﬁlﬁﬁ%@f QBE er Wor ¢ighe received
frarBOBAchIBSe-RHEd PArRinBfr 8sshbiaRaWisd ﬁ’c{hsl‘rtigs%ﬂ Rl ot 88 of
aggregated frane based on a remal ning transii Ssion
the rqceived fiemes; a newest or nost recently received frane.

5. T t of cl ai wherein t et erm ni ng

corfst el (O e e eyt g bised o s Mt ko pbrepgved ne
framgpgra@gat ed frame i s operating in a power save node;

determning a transmssion lifetinme for the aggregated

f r ZieErmingegi(398) a timeaistatedprrametey foatheraggripated dranre tmsedon

t GEInY ase whet her or not the

the gfélsetrlg%?? i%on neg%efg# %rg%zla g?glé) g rgagyér)cpa%%mf’% operating in
a power save node. 6. The nmethod of claim1l and
further conprising discarding the aggregated frane if
the aggregated frame is not transmtted within the
t r NsSNrgsi [ i 2 L A
et hod oo (TR Rtrei i BRG RRrshEeifjoe'

plurplitypéd4Addtasrasi ning (504) a tine-rel ated paraneter for
one or nore of the received franmes, each tinme-rel ated
par anet er associated with a transmssion lifetinme for

on@. of ThmefRAI\¢REMT T RARSIn tRERBEIHNNGnipRR8) reflvin
aggregated frane based on the plurality of recei vgoél1

) [ >
leﬁlﬂtﬁﬁég@AgﬁﬂVﬁétd@ﬁﬁWSr{Mm) a tine-rel ated paranmet er
for the aggregated frame based on the tine-rel ated

paranmeter for the one or nore received franes. 8. The

nmetlBodThé methaid wf ¢lanh & wheteinhie deagiininB @ tRARIAtEE Parameter
receivi ng % plurality of MAC franes..
for one or more of the received frames comprises initializing or starting a transmit

timer for one or more of the received frame when the frame is received.

11. The method of claim 7 wherein the determining comprises:

initializing or starting a transmit timer for each received frame when the frame
is received; and

comparing the transmit timer for each received frame to a frame lifetime.

12. The method of claim 7 wherein said generating comprises generating a

aggregated media access control (MAC) frame by aggregating a plurality of received
MAC frames.
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9. The nmethod of claim7 wherein the receiving
conprises receiving a plurality of MAC service data
wonia7e¢isbDUs) . 10. The met hod of claim 7 wher eCmiBive6/003162

det ﬁ]m ning a tine-rel ated paraneter for one or nore

of e Hhsairihediof ¢lainpd wherpin thealsterminingd timerglated parameter

for Steolotddgt AN driskd for . one or re of the

o ecéglrg v e? rffzfrre V\:ﬁl g%ls{eén%‘f{o;uggg e ?egaé%%%metﬁfor Prigwest or

mostetdeotly ofcedledifmmmé. wher ei n t he determ ni ng conpri ses:
initializing or starting a transmt tinmer for each
received franme when the frane is received; and
CONPAT iTHE héiBod SRNSH F whiih hd £65L Y6l ane
toa frame lifetine, a%&lkgwﬂ{ethﬁgtg ﬁgﬁﬁg}fgr aﬁﬁ%%\éwg]gteméfia@?eﬁer

for Gigiagereanted Atamegonprises Skstinga éinatelgedparaasteci el oldest

i@ access control (MAC) franme by aggregating a

rec%?%rigﬁup?'y of received MAC franes. 13. The net hod of
claim7 wherein the determining a tine-rel ated
parameter for the aggregated frame conprises sel ecting
a thome-Themgted ¢fplaimet wherkirthe detemmistngor timestlated penileyer

for fi ' : : hod of claim.7 wherejn the

or 8 BEpEed SAE cobrisVAIIRNAE B Fuorip g ifaepatied Parameier

for thg phegiity ed récevee fianipIths 8¥ers® REid RcRdtds 1R habatisdd
received frane. 15. The net hod

arameter for an_ql dest
parag'?et?ﬂr}g? ﬁﬁe?g%%‘?‘t%‘il T?Fa’inﬁe determining a time-rel ated
paranmeter for the aggregated frame conprises
cal cul ating an average the tine-rel ated parameter for
t hd 6pl Thamethodof clagnéi andduftharemprising dseardagehbaifagated

elected as the tine-related par ter for the

tran R G0 g Rl v BB aves meek » cfa
further conprising discarding the aggregated frame if
the_tine-rel ated paraneter for the aggregated frame
nedt's Ahepicihediod claim 7 and durtistr lsouhpuifing dascandihgathel aggregated

| SJ Lscarding t regated fra i f
RS AP SR B8 AR SERLES LRl
exceeds a frame lifetine. 18. The nmethod of claim1l,
Whigeif t he dgtgrm ning a tine-related paraneter for

ealh ofh e

¢ Wethod ok rlauy 75 Whers the Apfeiiaingiatime-a¢lateiing or
araflefh For@ciRof the Rlved i i it 0i7ib 0 §r 8GR MG D nsmi
1? frames when t hg&ﬁ ane aIE{%EF élgl {1%%3%?1&%%1?%%5’[ o8 ae[ransmlt
timegjgar epett off the rezeivediframe’ svhenl thearaneiseecchvad; t he
aggpeQat t%g d];{eglrlﬁing a time-related parameter for the aggregated frame
comprises selecting the transmit timer for a newest or most recently received frame;
and
further comprising discarding the aggregated frame if the transmit timer for

the aggregated frame exceeds a frame lifetime.

17



conprises selecting the transmt tinmer for a newest or

nost recently received frame; and further conprising
wdaize@aweismg t he aggregated frane if the transnmPCTABI0BE/003162

for the aggregated franme exceeds a frame |ifetine. 19.

An apparatus provided in a station for wirel ess

. ; i sing: ol
(00 A bt OB AL Eoor RERclest S PO 6 o
appafatus| cegwprisimgnscei ver (902) coupled to the controller;
dth dapted to: [ 502
Srtﬁ%m%@@rg&?ﬁ;us adapt e o: receive ( ) a

anes; determne (504) a tinme-related
Par2Rineky (906) Eplbdab d@nhBAG: Yedl frames, each
tine-reldted paraneter associafed with a transnission
| i faewirpkess wansediverr(8¢Diconpled tcathe cogiesibtpdnd (506) an
aggﬁhgggﬁag%ag é‘%{l%d ased on the plurality of received

frames; ne (508) a tinme-rel ated paraneter
for the Ieggg{/@gs@tg}agipmgg opﬁ%gs;on the time-rel at ed
parameter for each of the recei'ved frames. 20. The
appar at Uistesming @0 atmedmelpisi patameterfpogash of thegeerdiadt ed

t o: eLn . e~ aranet.er for each .th
o e B B RO T i g Tor
or th¢ mctivad fmmesnit timer for each of the received
frames when the frame is received; determ ne a

timne-r e|g&P@&%ﬁP@rﬁé@éﬁr@gé‘ﬁdﬂ@@%@g?%@athéwlmalatw@f received
| Nnqlaclisn@npei ng adapted to select the transmt timer
for a newest or nost recently received franme; and

wher ei n detremiea0Ytatimbedlagd paatieesr fhethe gegedainddetiaho

di scard the .agar ted fra if the transm{ timer for
£ h PR e B8 B RR Rt ool 1rfned hemem - an
article conprising: a storage nediunm said storage

medi um i ncl udi ng stored thereon instructions that,
whéefl: exXbe apragatyy ofclpinptewherein the gpparatisis adegted td:ng a

Pl e Rlhing aocfmé-iﬂqufg& i)arameter for each of the received frames including

being adapted to initialize or start a transmit timer for each of the received frames
when the frame is received;
determine a time-related parameter for the aggregated frame including being
adapted to select the transmit timer for a newest or most recently received frame; and
wherein the apparatus being further being adapted to discard the aggregated

frame if the transmit timer for the aggregated frame exceeds a frame lifetime.
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determining a tine-rel ated paranmeter for each of the
recei ved franes, each tine-rel ated paraneter

weazsamiceised With a transm ssion lifetime for tReET/IB2006/003162
received frame; generating an aggregated frane based
on the plurality of received franes; and determning a

timerrelgl sd E%ﬁg%’%ﬁl .for the aggregated frame based
on the ti rre-rcel at ed pgrarreter for each of the received

fr asterag@ mediimes article of claim2 1 wherein the

instructions resulting in determining a tine-rel ated

par Sikittnedy BreaBR fpclyhe dore T et chudnstfushions Behties eseouted
byélﬁxiot:és’gbﬂ,iésﬁﬁi&r starting a transmt tiner for each of

the received frames when the frame is received,

wher ei n reprivingstpluglityorfdranesul ting in deternmining a

time-rel .paraneter .for the aggregated frang
conpris ecgeﬁteﬁ'gq@gg iaﬁ‘gn‘i‘%at?‘{ %aﬁirﬁ?t?lgﬁﬁr ﬁgﬁ% ?’%}w EFCFI’é(Wé §9m6§a
nosdach GarAklayed Reahstetaskscied watld tHankhielonAF8RhE &irilke

i nstryctjons, when executed by the processor, result

in rgredva 83 t he aggregated frame if the transmit
timer fofntRanga0asdesat FLAB.RYGR4HS pff‘lrefhrt}é1 OFreceived

lifeti
frames; and '

determining a time-related parameter for the aggregated frame based

on the time-related parameter for each of the received frames.

22. The article of claim 21 wherein the instructions resulting in determining
a time-related parameter for each of the received frames comprises initializing or
starting a transmit' timer for each of the received frames when the frame is received,

wherein the instructions resulting in determining a time-related parameter for
the aggregated frame comprises selecting the transmit timer for a newest or most
recently received frame; and

further comprising instructions, when executed by the processor, result in

discarding the aggregated frame if the transmit timer for the aggregated frame exceeds

a frame lifetime.
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