[ 0001] METHOD AND SYSTEM FOR | MPROVI NG RESPONSI VENESS
I N EXCHANG NG FRAMVES | N A W RELESS LOCAL AREA NETWORK
[ 0002] FI ELD OF I NVENTI ON [ 0003] The present invention
is related to a wireless |ocal area network (W.AN).
More particularly, the present invention is related to
a nethod and system for inproving responsiveness in
exchangi ng managenent, control or data franmes in the
WLAN. [ 00041 BACKGROUND [0005] In | EEE 802.11 W.ANs,
[0e0i] access poMETHRPAND SYSTEM FOR VING
man agenenRESPQh@éVEUE@@dMXCHéN% t
functions. BExaNIRES.ESS HOGAL ARy NFWORKames are
Associ ati on Request, Associ ati on Response,
ssoci ati on Reque Response, Probe
[@azguest and Probe E&Eslb]%?gg aﬁg‘ts@ﬁ[ 0006] The | EEE
[0(8132 11e Thetmeasbat idventisEis Med. to stvaimelassdgcaliaren meiork
f/fgﬁg %af‘tg t?é) 8881];.13 ﬁnﬁgﬁoﬂqg‘%e BROSH ?ﬂ&hgd Qﬂﬁés
are ‘ca acti o e actl on ranes are used
syétem fowimehroting gespennm‘aamsa‘mmmhaogmgsumga@enfq epaitiof gr dgfa
ﬁagﬁrV|%Ee traffic streamset-up, direct |ink
-up, bl'ock acknow edgnent (ACK) set-up, or the
L| ke. Exanples of the action franmes include Add
ffic Stream (ADDTS) DDTS Response, Direct
[Oq_dﬁ:k Setup (DLS) Reque‘K? 3?5 esponse, Add Bl ock
[om now dd @EEﬁﬁoz(lA@ﬂ)ANé,Aa@m)ss Reqtl@é’t) or Aglatiph 6EIA) ASK

ELBA)
L e e L
mdmnmpnbpﬁamésf calre Ashiciationg lﬁe:q;iestn tAssaviagioput R¢spmyse,
| t he. I
Repfhortdfioh Reqirs praur o S, Raspolibe Pk Reqde OGRS B
Relspdrie ieatnean feedback Tr ansm ssi on node feedback

OoWws I
oe1 15 o T YRR B02 & Bty 8 hBE DA orkb ARV
maegeinehbfrsmes. Thengeafi thosulesr mehagaeent frampger called action

n%gse l:I‘tlrlle action Bf'rayng]ees arg CuesleX If rgco%tdac(,tk é]CeIJJiE ﬁlﬁclzions such as

quality of service (QoS) traffic stream set-up, direct link set-up, block

acknowledgment (ACK) set-up, or the like. Examples of the action frames
include Add Traffic Stream (ADDTS) Request, ADDTS Response, Direct Link
Setup (DLS) Request, DLS Response, Add Block acknowledgement (ACK)
(ADDBA) Request, Add Block ACK Response, Delete Block ACK (DELBA)
Request, or the like.

[0007] Currently, the IEEE 802.11n extension has been proposed for
achieving higher throughput (HT). In the IEEE 802.11n proposal, new action
frames are introduced for providing transmission mode and channel information
feedback. Transmission mode feedback allows a receiving station to inform a
transmitting station of the preferred mode for the current channel conditions.

The particular choice of mode is determined by the receiving station. The
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transmtting station may or may not use the particul ar
node, depending on its capabilities. A receiving
station may al so decline to provide a preferred node.
Channel information feedback provides a nmechani smfor
atransmtting station to |learn the precise channe
seen at the receiving station. This infornmation may

trEhdilind S atsE ﬁxa%sor Eﬁ'e{yt nRfus@tikpdricalul fldde,fdpesdits GRS
that assune C anne recl rOC|t or as Irect c anne
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unicast to specific In responder e.
acneq@@mes amjmmg Regaes Ngée Rgm@sqz@q&é@%mwé( 8@19198@&
ﬁhﬁﬁ%ﬁhe(gfe%&&& mm MM el RRanast sigsponse) . Wen

a nmanagenent action frane is unlcast to a SpeCIfIC
[OQQ&pondéYIanQMeDEEEmSQEDSﬂBd@S@ﬁ@@? frames)uppike hrpedcast or

mi R &19 ﬂulﬁ%&%&%ﬂﬂé\érg qg. %1 “}h bera Qﬂlep br ﬁ%ﬁaﬁ%%a? y

sen hand,
berramg@rf@na specifie (¢ipgle} reapendes, @@agﬁéﬁgg A Reagsts ADRRBA
Résgoﬁgél Mﬁe%éqﬁ&%oplg&é ﬁgsgﬁ)ﬂge MI@EEC%Q&&&&&%%E@IMS
require the responders to acknow edge the receipt
Chﬁfnr@hﬂfzspbn%meWhPo e0Fnapeyenrtor pctien amwe iienicas tap WgPAmM
reforfleR HAOTRHH Bo1 PGRAGrh Whndifls thEXEAHI Atk JRARRELFNE

t'1on ranes t ween Initiator
rep@ippoieieh f1one bylsendingtanad 6K mketac@@stbe@thqﬂélamr dithgs

mBIR WD, YU £lin REGHSs b%Q{@isﬂﬁ‘l tlga%li: {oeﬁ DRk ﬁ%%ogﬁelts h&e

coritent1 on or access E
1IR3t dgandard dg@srm@reanlradta I@spofndenséo aqk@ogledg‘athwefélpt
o REAVES frane), to the responder 104 (step 112). Upon

correc y receiving the action franme, the responder
[000% accedsigutend imier sge@lmgrémgmm om @hovalasfopm%sl%f%

I r
ext n%%fn% gr?an% em@nt Gf" ?’%ﬁf_%ﬁ[&% 1&1%9 102 and a

rame spaC|n sen s an packet
respondhe 194 tfhaummaﬂ_@zloesetceq@s@lﬂn)e wiT¢lessy mgqlim éwhltioneeds

so%&e&]el ‘é&?&@&a&&ﬂé tthg gont]:eﬁﬁgﬁ? or Q@ce S del@.%r I\{Qﬂgr a?es

I NC ata requeste |n|t|ator
802012 shamtlaréis and s@ebmgctmﬁwdbss 8 Masld ﬁ@rﬂl%sgﬁ‘ame), trheh

respon(agr Sl%ge(step 112). Upon correctly receiving the action frame, the

Q_m

responder 104 access the wireless medium, which also needs some delay, (e.g., a
delay corresponding to a short inter-frame spacing (SIF'S)), and sends an ACK
packet to the initiator 102 (step 114). The responder 104 then prepares an action
frame, (e.g., a Mode Response frame), including the data requested by the
initiétor 102 and then accesses the wireless medium again, which needs some

delay due to contention or access delay, and sends the action frame to the
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del ay due to contention or access delay, and sends the
action frane to the 2 initiator 102 (step 116). This

time, the delay may be substantially | ong because it

is possible that other stations may exchange packet at
that tinme and therefore the responder 104 may not be

able to access the nediumas it wants to. Upon

infR6LRIY (¥te§@.@€) VIAgtiieadel 9 ndy Bi@ubbtaa8ialli ®ong because
respaonder he initiator 102 _accesses

t he
it wmalb@@%ﬂh@ﬁ?amsa%ﬂxgm@ag %aﬁﬂwaém%ﬁﬁnd therefore
the w@oﬁ@éﬂ 048nd R} R heoﬁflé 8fladcBds RS R Gs iOwh AR 6 E@m

sends an ACK packet to the responder 104  (ste
comgi)ly r¢epiying thlerﬁci?‘ﬁé Trppe, frogy ‘therfﬁ%)é‘égr I&h the jng etor H82
acﬁﬁm%lrélgs‘]s ]B@&ﬂl&p WHiIS hiso $86¢: RheefaiR AGHRialll Sl 18R

and then has to incur a contention or access
pea@rlawesmn@maéqthe@lﬂ@b andsendp anALK| Ragketipthegasnoaderdfd
(m%gqlgﬁsponse frame at step 116, the responsiveness
r exchangi ng such managenent or action franes is

[0 at i vdpythe paigr aguerecessMOnsinedydiesisspandend 4 §as Fcr arb
segli& ah Qﬁﬁpa{zﬁ& 9128 endREn RES Jo%é@%%@nt‘%ﬁh&ﬂ@r AN delay

] e information may not be valid or relevant_ at
mtoln@erttp eceisy thewa@mwp@am ogeng fhasasponsg ffipeee at step 116,

thg rx%g dﬂsﬁféh%@ ﬂ)? %{ ?%c | ﬂngﬂ\%en{elﬁ@ FresRRdaEmE4s
eCIf | cate initiator
retatvarﬁ rﬁl%l Smcbr sé¢vamagezn¢@tr qreaction friame| rgsponge maydegrade
thb g%xg’ rd?ax?@ %QW)?AN ale %&hﬂgnﬁﬁgﬁ ﬁﬁy aVER) valfdhﬁ relevant
er o

spati a treans 1n MM and the guar
atithe ¥meal is delixsmed. Ffaseramplersincsizansaissionanededepgbackadlows

thd l‘l‘hig}ﬁ!n&ela %L Jff or Wg lto th? gﬁﬁa{otﬁ %rﬂs‘nﬁﬁsgﬁf telated

ange o such informati on ma
infomipetion meéudlyg d deteyrade, § wodulptinnane pesking scéle:pp@\)(}\ICS), the

ndm&é}ao@ ggmah%t&é&'gfm é\&@%nﬁ%ﬂé‘%ﬁ g&; é}'{ralagﬁéhoi%forfﬂ'aﬁﬁﬁs

y short perio time’is si rabl e.
sh@umvxch@ngs Tiwickly es aossiblay eHevereri yndex| téxeewmroalé

scﬂahgqﬂem Y& b&Mch Wtorrh ARGLCHEP ek %éﬁ&e&b@%%d' n

exchangi ng nagenent and control frames WLAN.
[0@HLI ni t iTtevefoxeemdew mechamiem t¢ exchirge thﬁmag@ﬁmw or action

£ 580 i Q%Ye%sﬂcﬂtt?\%xltl Hftar%uen ];gc?esﬂ'aﬁfeSponder Upon

correc rece rane, the responder sends a
response frame to the initiator instead of directly
méﬁgding an ACK packet. Taevmniggponder preferably

ccesses the wireless nediumto send the response in
[001s8] The present invention is related to a method and system for

improving responsiveness in exchanging management and control frames in a
WLAN. Aninitiator sends a frame, (action, management, control or data frame),
to a résponder. Upon correctly receiving the frame, the responder sends a
response frame to the initiator instead of directly sending an ACK packet. The
responder preferably accesses the wireless medium to send the response in an
SIFS. With this scheme, a long delay associated with having to contend for the

wireless medium to send the response frame is avoided and therefore, the
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SIFS. Wth this schene, a long delay associated with
having to contend for the wreless nediumto send the
response frame is avoided and therefore, the -3
responsi veness and tineliness of the feedback
mechanismis significantly enhanced. The response
frame may be piggybacked on or aggregated with
re%%%\%i%ﬁesg a&hﬁ timdR@dd bt BRE EEedPRSCRh &b Nk Béﬁlﬁcantly

015] Figure 1 is a prior art signaling
enhipnenda rﬁ[‘h%) rewemﬁgmgmaWa@swkﬁr O OF {PGRFOER BRIt
zuﬁﬂ&a SRaN initiator and a responder. [0016] Figure 2
IS a S|gnaI|ng di agram f or exchangi ng nanagenent or
action frames between an initiator and a responder in
ogegOr dance ikl DESORIPERON GIMyem DRAWINGR 7] Fi gures
and 4 show exenplary processes for exchangi ng
[0ptT ket s Figaewdeis n Hriirt psh Gisnabias adiegsgsenter eXphppgingn
pr ot ocol
m AR SR A n‘:%ﬂgé’r Ao 2 No-
[0 for Et@mg%rﬁemslgm@ng aljegrapy Br sgehangmeamgpagement or
% m(ﬂq t -
sl T, b Ah R or Ml o 38 ook QMR R the
stxmhan@nhgﬂpackets between an initiator and a
pond r ' -
O A e RS by SRR Pa i e e
betwemnndamteandu g jespdvder psing an pegragated mediun] aygesy pontrol
ORETALER FEERLETL N OB BREFERRER MO S No-

termno Ini'tiator'
ACKé@pmnI@emelnh AR daten protacol d@ta umlﬁKMMfmés)an @S@rdance

Q&m%HE%& g Wreless transmt/receive unit

, no |ﬁe station, a fixed or nobile

[0glMscri Rgungnbtand  shagexemplagy peocBsses fiyggehangingnagkets g
beﬂvée% a%qghfaqui ald f:} ﬁg%cﬁﬂgﬁ Esﬁng Q Er&iucgﬁ ﬁé}yfrﬁhg %ac&)é@ﬁﬂfg)

devi
wighen A@Eﬁmhpy segified ps Nme&@ééqrdheml\@wvhm qyp@"ééme with the

y be incorporated into an integrated
‘”ea%@ﬁ&?ggﬁg§ or be configured in a circuit conprising

a multitude of interconnecting conponents.
[0019] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] Hereafter, the terminology "initiator" and "responder" include but is

not limited to a user equipment (UE), a wireless transmit/receive unit (WTRU), a
mobile station, a fixed or mobile subscriber unit, a pager, a Node-B, a base
station, a site controller, an access point or any other type of device capable of
operating in a wireless environment.

[0021] The features of the present invention may be incorporated into an
integrated circuit (IC) or be configured in a circuit comprising a multitude of
interconnecting components.

[0022] Figure 2 is a signaling diagram of a process 200 for exchanging

action frames between an initiator 202, (also known as originator), and a
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[0022] Figure 2 is a signaling diagramof a process
200 for exchanging action frames between an initiator
202, (also known as originator), and a -4 responder
204, (also known as recipient), in accordance with the
present invention. The initiator 202 is a
communi cation entity that holds a transmt
redpi et WU4{ Yalbd RelBWwnan¢! rbdipiest)] 1® adcdrifuide évftanﬂlel preaent
franme exchange sequence |nclud|ng a gr.egat ca
inregRien. niBe e Rtod 204 13, A CPEIYIRIGABIONEP %?3 mit
o@@ﬂﬁ:hﬁ!y (TKePRaad IAQ@shes RANEeirard4n laSrané @iﬂﬁﬁﬁg&éﬁqh@ﬁhe
E ity that responds to the jinitiator 202 in a frame

thphsical Reerriptogoladapppuits @hBPDHgragategated

coﬁ%l frﬁineg I THE 5espﬂi&r'2@'4t1é aleohmiicatRA @ﬁum}ﬁ@ trés‘f;@nds to
frane, (usuaIIy a request frane such as a

theetnidstor 1403nin 2 figme pebaBerISpAuRge (1§E’1§Bmglé)PPDI€lbcﬂd

g‘gi‘ég‘a%é‘d ¢ahitoE BaeE NInb Ratiatd | 209 sbAY R act#38 ERakk, Glsually a
rectly sendi ng_an ACK packet, the responder 204

regporldrame saghorrst Mods dtqayestrirame); tq @ respondengidelstep 212).
Uﬁ%ﬁﬁ&ﬁfb%ayframh% ¢Rd %Io%lfﬂame, h-!ﬁgt%h@ af i®botly! RAIRESHEAEK

I nvention wl descri b reference to action
rackefdle 1egRpRdey 204 tseadp@| EPSB@D%W.?I eerlqm demen de-gp s dfnde

Résﬂyﬁé'étﬂ'éiﬂe) '(s?:eﬁ gy Héréiﬁﬁ’tércﬁﬁl PRedeBt ﬁf%nﬁlé&pﬁﬁl B described
ranES such ‘as anagenen ranES contr ol franES

wigh referangpin agiion frames. |doweves, it shewld emotadethah the present

YERRANRCeoqubll pRetfhd, tof E)RGS, Shichl 49HBS ¢
m[0023] Tﬁ@'rggﬁgﬁﬁz 204:%?%ﬁ%f%blﬁgaccé§ses the o

frafness | canizolraingem dada feameps qrriderliep ohbe reguestoiame and the

re%a&is@?raﬁi%%&ﬂb&@ffﬂ‘eﬁén% sR@fhhedN SIFS. The initiator
02 then sends an ACK tfrane after a short del ay

031 er apfhe regrondergimaplatphinacchesestimgviraessmetinn to jerd
theGeOsH8d GeiM Blhnlde R1tESE &xtmbm&%éfpggmtnﬁtthead SNk, dahay

associ ated with having to cont end e wrel ess

inftisdon B04t thepepends) gnj ACK] fiame pften a\shpriedelayidpreferably
co%@ﬁcﬁlﬁiﬁtrg% thd &F%%%BY qﬂ%&r@@ﬁce@ﬂﬂﬁe%é&%n?invﬁﬂﬁﬁn,

nmechani smis si ficantly enhanced. [002

thpfomeaipaserpied nihkesie e enier on o ndoarmelion sbathp
1168Y FiRire RiOS¥RRAKAT 1R, ﬁg@epﬁﬁgﬁ%nesg BR4 Hﬁrehness ofthe

managenent or contr ol frane or a data pac et or may

.fe@@a%w@%ﬂ%lﬁ/\ﬁ%ﬁﬁpﬁél}ﬁ@ba@ﬁ%et anot her rranagerrent

[0624] Contﬁl‘c—grngtﬁ@éﬁ tﬂ%r r&pgx?steaa K ﬁtameV\Q@ 'gt he 4\ y be
packet is pig or aggregated, CK pac

plwbevkeidsm@@rﬁcg% naqkétr, ﬁ@ﬂ@ér menpgEnentior pmtrtéénamw F @m ,
packet, or may be aggregated with the ACK packet, another management or

control frame, or a data packet. When the ACK packet is piggybacked or
aggregated, the ACK i)acket which is sent in response to the initial action frame,
(i.e., the Mode Request frame), is not eliminated, but. sent together with another
frame.

[0025] The signaling mechanism of the present invention may be

implemented by default, or in accordance with an established procedure common
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(i.e., the Mbde Request frane), is not elimnated,

but. sent together with another franme. [0025] The
signal i ng nechani smof the present invention nmay be

i npl enented by default, or in accordance with an
establ i shed procedure common -5 to both the initiator
202 and the responder 204. In this case, additiona

tdBoth € 1ﬁi’tﬁt01j Joelndese i.'e@%wﬁﬂef‘ﬁéti qf ihis @g%éa((dlﬁ&la}l' ﬂélﬁgax%

“ﬁgage"e”t rame, a_con frane,
k@) action framae.dcldings mpaagesent ifigmad, Brgntrol frame,
ddTRGhaib,SeR tlﬁoflke ewm&te BNBrekdthdd & %ﬁ%h%e%%ﬁ]\g“or

request frame, ) e reques
exaiRin &b \nefq%r@s?o%marréendemremt frameciets., vRGe réquesiefrarae,
a mmﬁiaxﬁbﬁeﬁueétq;é%%'l\@@s g@egt &mg rC2nnd stat,
.calibration start frane, enna hflect?gn

infymisbion {CPR genuest frameea cai;rbratnm start fngne,eaqtressm(cm@)m
selec £0 me u r te e
16c0% solidd Bablk e, 56 £h At G 0F IbA PR A5, Il

I equest rarremlcatlng eres

Seétk% aw Zeldeinibedequest freme dudieating hamthe feSR@Epr Teis
e@%étﬂegﬁoﬂd%ltﬁgfe%gwﬁ,&ag not limted to, at |east

one of an d, a request identity nunber
(0636 q, é[‘heeyrzvdiﬁi@sw e ok argmfcheiltédacndtbast one of an ACK

pofiePfisidal {'é?fﬂle&qhér‘ﬁﬁ'tf dulhidr sl a’%gégg% fifh s éjeé% and an

i ndi cat es whe he responder nhee
aggragapae pelicydieldoThe f\@mwﬂ feldrindigates wh&ﬁmr ithy respoditer

20418bd doMhURACK PERPSI ndent 1y number. A Tesponse

frame uses a sim request identity nunber field
0¢Hdse Vieurequettr @@pbtyd sumbet lfield ewpheks 4 deqidst ydentity

e 1 ]t e
o e HE B oo e R U bes S e
valey parresppnds o & Sp@gumt ldahu’e' infirbhe inetheonameltr Annd, S

| ai ned in
AGEk by 94 0, 0304y B L Hopbe R B
to g chﬁﬂ valiedEthe sespopsdizame fssentayifteters patible) xshae}x prit bed
exﬁlQm% @ﬁaﬁ%?&ﬂﬁﬁex“a”e tothe initiator 202

SIFS), or within a specified tine
IOQ%} i od Whﬁ e¢EppBsd timgpelidyiahl infisatok orttetitelthy respndat 204

o S O SR RS i 1),
or Wﬁb}rcsamslﬂm sinteeperiod evhichsip bmger th2@4he shortdqiey beds times
tha%%ﬂg résB@mie?‘%g @ﬁ@osfeé % &s%ﬁéé?ead? ked on anot her packet

[0029] The aggregation policy field indicates whether the responder 204 is

S

expected to send the response frame piggybacked on another packet, or
aggregated with other packets, such as an ACK packet, a management or control
packet, a data packet or any other type of packet. Multiple management frames
may be aggregated within a packet. When an MMPDU is sent stand-alone, (i.e.,
not part of an aggregate), a simple ACK is used and when one or more MMPDU's
are sent as part of an aggregate, a block ACK (BA) may be used.



aggregated with other packets, such as an ACKpacket, a
managenent or control packet, a data packet or any

ot her type of packet. Miltiple managenent franes

maybe aggregated within a packet. Wien an MWDU i s
sent stand-alone, (i.e., not part of an aggregate), a
sinmple ACK is used and when one or nore MWDUs are

[(meo]éI as mgié ggé A%z Ry eegcale Gen 1 i_b&lﬁ%aﬁ\@EK #Ahe F@poRR
used. - en the \ DO S chosgen (O
e eSO T R RERes R secthplie MMEIS fara et Ssagee
nﬁﬁﬁ%@&SNi(?)gyy he éﬂiﬁ?ﬁd&;ﬁg Lfé&@%ﬁnglegoaﬁt.‘éhmdh Eﬁ?t&ﬂx@@le
nu er e_LnLtl ator usi n a s gl e
PIFEFROBAST, m'\‘?% 3lso vred f%brﬁ%asﬂﬁéﬁtl?aégjﬁaﬁa%@d%ﬁﬂonaﬂes-
déthS$abtype dradnids. ThardadahéeWith tEapresbitAn®ontaRg n{sdagement
non- QOS- data subtype franes. In accorda)r;t%ggwth t he

ﬁ'ﬁPé’% BRY herfgavRTIceh USINg PR EspRrate ISEYemREd

redBéridr. A BEWaHORR) B hRagoheb PEFRINGS mbhBS sdqfientdll 4B B same
responder. Alternatively, managenent franes nmay be .

SH eqtiisr as thasi o dhe ﬁ%tasfilﬁ% magRERRTHiEAmessate pgereghted ygith.

Aflethar 4163hatiPORIBARIHe shhRTEEFAS02. AGSH QB @fdas\ﬁigﬂh SNis to
Anot her alternative is that the same | EEE 80 .1fe

MARREFRPTS T rawes @fenysednent othegprpgaign£04 r Bak snodr geogdeq

mahRsedntat F 88Res)dghee QApsBY el rdc8REM SENs BAAGC BB Nised to
frames, since gaps .in_the received SNs cannot, be used

: € e
unainbiguonshy ety yissing fepsey brihis resgonqes 284 bye ingiador 202
islBBReREeLA 18 Gfbre ddifed dTthds8 iidhagdRentifian iy i WiBEIHt sFstifled
.store_copies of those managenent_ franes for which it
ndhe AGK reficyifisld, patihthey e pekporledegd oy theiy lifehime oxpies.

[08gknow ewaradedect H3@iHlodk ACH tdfBeZXBAR ah 83t Wb lds,
t to ae%{egck AC?( re eers(‘?tﬁe()IgiAR))ei_f&tc’)IrIJl managemnent °

th?ﬂ?éﬁggyohcyhféels&cﬂf the| new Mﬂﬁiw gray pe inesrrratebesnayBAe
Aj&s/%%aﬁfag,t e%élpﬁﬁaté‘Bm/[AO?’rBt%Edl ahiasliYMPDESRA LIS BASRL

pr ot oco ata unit (MPDU) for managenent franes
frames may Besant 38 a Raphef pn ggeragatadye-etfigiageregptecontaing? BAR

fraQ 64: 8848 dSAH AhOSn PtHRAher FE 3RS ge PR e aliferh 41308y,
and the_other for managenent frane). Alternatively,

the geigia] BARM P BRHomrtinapheitendsy tajaclude amadditippal portion

fol: Bfdrdgemany #adled,| @B2khD Q%éﬂe@aﬂ:e b aiAPARIBAR ra ik GBS 2
t he aggregate-contains one BAR frane with 2

P(%%éfé fontherprnigeaion fragramndi date ARmearRFPERALD 1 ane,
(008APeCt iwib¥apebOB3HA Wi, b a8pAte BOMPIAGRAEK Skemnt

separate BA or nanagenent ranmes nay be séent_ as

fraypes mgy by seniorsy Rayhoban pggregates (he., b pegragate conirissBa
pa%ﬁ\ets: one for data frame and the other for management frame). Alternatively,
a conventional BA MPDU format may be extended to include an additional
portion to acknowledge management frames, (i.e., the aggregate contains 1 BA
with 2 portions for the management frame and data frame, respectively).

[0033] With respect to the format of the BA and BAR packets that support
management frames, the BA and BAR packets used for management frames may

be made same or similar to the conventional format and may be explicitly

7.



packets: one for data franme and the other for
managenent frame). Alternatively, a conventional BA
MPDU format may be extended to include an additiona
portion to acknow edge managenent frames, (i.e., the
aggregate contains 1 BA wth 2 portions for the
managenent frame and data frame, respectively).

1d4n@s@i%& Lsﬁélgfafblf &SPEGhI fiddd higalRETRrhe BAl i AR a0 @é\&e

packets tThat support managenent franes, fhe BA_and

cogapt phae lgtarting §eqpeme¢ npEhal SPRN follpwed bY Aebitmpe. Hhadit
posiBibE nOdf tPle BA Blteda@ it RE EPDVE atakmaédgfeg R pt YR dnPDRE

explicit identified usin it _or special field

ha'a@guamqgmce cqntéola'AlwuBm %%SDIS“E nt fa big @ﬁ%}@ﬁ? ngf the
B Sl#l%&% 0ko® BAY QDR RAWENS Lt Q:?@fIBDIfJ YoM Ye eﬁéet dfﬁﬁi'ol

OSI tion n of the |trmp|sse

valelenuol f@dgésssl\é ¢a pos oot mnwsfhléwmgvad s@tﬁm}éﬂb'é the
ag%x%&gi{?ﬁ ImaB%lg%Lﬁ cfidthed e ﬁﬁe@%&h&véﬁcﬂeﬁaeﬁtﬁ ISP @S il @B N

tmap Is set to 0, it |nlcatesthat an
whivRDbevageneadbBlnnsaaement Bomes dlave valarge sappain BYs( e
g$’§%ht1 et%‘?a La REaRs 344 31%\%751{*%@5 ﬁﬁﬁﬁﬂé’ 845 can be used

aggregate managenment frames are
(aggirégaityd) te@clmm@Cknwledgng al dlf@ngnt npnagemenh ame g dramese

Fo?g)g:{rﬁ&@t i?ghm%g TESYL é)fr&?e%ﬁéd | . Qai?a bfﬂs)sl}&d

aggregat ng retransmitte ranmes and
the aggmressyed mahageplent Bames havelsequeneemumbeyg fleay &r%@;fel@aéw

mo?@ ﬁla?lcﬁin ﬁggecg%&%e %CEAJVK?Q&%HH% f@%ﬂﬁ%aﬂ a{rﬂf%o%er BA

predefi ned

frameeds nacmsw.rzeTh@ BAgmd BAR maV§§mplaﬂiét thtGI&N ﬁ’g grdpanesgned

A\ g§?5 franes have sequence nunbers that are
mea %gren ]By nore than 15, the¥ cannot be

[008eknowl BERR draicrest ME Ssfaedbagk (MED) fiames nod Taainirg Requave
(T]?%% BEGRRS ﬂ{cYudJ% %g@%e%”ﬂeﬁé% osoiihed ¥ ek&&pieg eherbin,

concer man gemsn rane.
Hofwresiens &, shmﬂs beaetidabht LNFRher managsent) cwaplmrr@g Aes t

maévTﬁQ}udfer e\!v r![‘fél&’sd lt{%nﬁ!&?ce nx%g\éotn's s og%g (E)}L &ﬁgi@%g?jﬁ% ked

exa Rer el n. wever hat
padnysother nanagenent control or data frames may

0083F g b S Falhety Epikhal B AR ARSI SPAS Y
ﬁam&nageabﬁh@ﬁu@méﬂﬁﬂﬁ@db@@dhynaﬁ%M$héﬂMN@-ﬂh@%ﬂ&%ﬁﬁnﬁ
c'f\ll)ﬁ% fong of GAYE 3% arlvgélg }?0%%9 %%ﬁi B'&«Q&ﬂe@t {cﬁﬁa%pgl%&lbgpﬁeld T&' e
response time policy field and an aggregation format field in addition to an MCS
request field, as shown in Table 1. The ACK policy field is set to either "No-
ACK", (i.e., asking a direct MFB frame response), or "ACK", (i.e., asking an ACK
packet). The request identity number field is set to either a request identity
number if the MFB packet is expected to be one time or '0' if the MFB packet is to

be sent as often as possible. The response time policy field is set to "immediate",
(i.e., SIFS), "delayed" or "unsolicited". If the response time policy is set to

"immediate", the responder 204 is expected to send an MFB frame immediately,
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i ncl udes one or nore of an ACK policy field, a request
identity nunber field, a response tine policy field
and an aggregation format field in addition to an MCS
request field, as shown in Table 1. The ACK policy
field is set to either "No- ACK", (i.e., asking a
direct MFB frane response), or "ACK', (i.e., asking an

G é%thﬁ?@fﬁ%)) Ift‘-h'@ Bes ?@ﬁ’éé%ﬁhe ¥>&lfc5}t1é bt t5‘ Laéw df itBd Fhshendeet

to either ues dent i if the MFB packet
20dgis @%B%Q‘%EP % Héed\%Btfr%e m thy SHeﬁlﬁﬁﬁ deloped simac elf the
regﬂ%[ns@ %n?eeﬁ?hc?rsm Qbt @d“"xﬁ:%oﬂ&ﬁea" bihg- reJﬂb%déﬁ@@@%?r dehfiBhe
i's set i nedi at
resm@rsgywme@ that @h«srﬂsp@ndee §94 chaosesiy Ehse éwe&%t@nt fpméat field
mBPhd &Y td & a{eﬁ MAC ﬁ?&%@ﬁ@ta’ urfif? ?A-rl\ﬂsﬁg@ AREFSPADIS or

expected 0 Ssend FB frane | mred late

"Nar tAigeregatips) | If 1fhet agérqrg@@;ge rferanati fiddd g Wc% %B@PéISU{ dhe
reﬁgﬁh?y% and DR fn%%e%{‘ﬁ dez%ebt%d eXR&A &siAtMPw dietihe

ane 1n the speC| ed tine.
agerasptins domarefigld i 6t tos "&JE{S -RRPU| rf@éllleé?@éél‘ 204 gad the

inftfad ectrre %%%cﬁzg)fo SR GB gle MPBPWiskhg @IF@ bﬁﬁﬁa& é@a‘érétg e

resp 00Ses. areg ation format Ti el

annvé;MBEUs etIf the agayegadipat @amm e}s*r ¥§t el Ilﬂtaﬁagnﬁﬁwm the
reggﬁn&g%z}; anBthS bR QH Qﬁfg are I\&geé%gxg hE08d E}egatle fthé herB
e U

gregation format

frarrgg, phs derlipmptiyedif ttheeaggrezat@mfpm@ﬁ%d & @tg@@u@sl inghe

Mﬁapﬂaﬁ]@ @I @Dgfggk;ﬁamg Y gg&gg@& f%@?ﬂeﬁfoﬁﬁ&ﬂ ab She

respoinderddror 2opiator 802 denidased iisownerithong bavipe éo heapejyucted
{ [

by L P ERy e e R e Rl NSO P idiemtep

theéﬂpﬂﬁ@&ﬂbaﬁﬂfanﬁﬂﬂhe initiator 202 are expected not
to aggregate the MFB frame. As an alternative, if the
aggregation format field is not included in the MRQ
frame or tBediFB Hieldffeame Bodn§iplé ffbirontiorafpr be
per f or ned dethe  re BequegOfragre i nitiator P02
decides onjits Dmn wAKHOpﬂnﬂaV|ng to be instructed by
t he ot her party—yia- 5 “ﬁ“%%"at—eﬁ +e+at—H el d. The
MCS r equest |n&%cate eqPﬁg S BFPEedback request ed.
Body Fi el df'T oneg Body|gsl ﬁdn@eh&e%dﬁ%&' on tor Oder MS
Request frane 1 _ACK baolicy 2 Request identity! nunber

4 Aggregation format
5 MCS request
Table 1
{0036] The MFB frame is a management frame of category HT. The MFB

frame is sent either in response to an MRQ frame or independently. The MFB
frame includes one or more of an ACK policy field, a request identity number
field, a response time policy field and an aggregation format field in addition to
an MFB field, as shown in Table 2. The ACK policy field is set to either "No-

ACK" or "ACK." The request identity number field is set to corresponding
-9-



3 Response tinme policy 4 ggregation format 5 MCS
request Table 1 [0036] The MFB frane is a nanagenent
frame of category HT. The MFB frame is sent either in
response to an MRQ franme or independently. The M-B
frame includes one or nore of an ACK policy field, a
request identity number field, a response time policy

re%ﬁe@l: Huﬁgelr 25mang mﬁa&@ if Rl Jﬂ seL- g& 05 AU BlrdeGs

reld, as shown in Tab . The ACK pol.icy
sep a8 eftansasspossible ajunseliciterl ThA@P@POB*Pe tﬂmemohcmﬁ@d F%%ﬁfj &t
vich A8 @atd Yi.d) ﬁ?@@j "&él@gréélﬁ bﬁ"tﬁ@&h&t@d g @He%%@&%%&%m&t field

request nu frame if solicited or set

masobeoset its "A-HEPIER "Ril%ﬁrBPDy" oz eNe-Agsreghtion " Jheppewtignef
thshcm m]%gbfdephe r}&‘?eSE £RRA e bémienp lch&»esﬁan%la@mép&e}t

ﬁelclmsb#he@lggeegaﬂloxrfp@mag@ﬂég%ﬁan@mtoﬁbatméMRQ énaane apghyvifaot
Sfilbedida mliGy. P ¢ g bRfes

beo% Fat?flol%r%@ thsém &%poﬁggywsef%@b%%eﬁ}aggﬁest o5 2

respgeer-ity nunber field, the response tinme policy field
and the aggregation format field is same to that of
MRQ frame and will not be repeated herein for
si npl i ci t yBodyne NBSdFesubRddyt Fieldd lifrhaties fvCs
response. Bodgr Fi el dMC3iFeedbadyfriingl d | nf ormati on for
O der ZCS [Feedbhck f pariepdlicgK pollcy 2 Request

—ey—4—ggtegat i on’

format 5 [CS fe%dbac}gE 3}% Qém?tfﬂﬁ')%ﬂ?ir ?I'he TRQ frame is

a managenent Trane omegﬁhgggméﬂdﬁcyme TRQ fflanme
requires the next trhnspmission br 204 to

be a soundj ng 4PDU Aggwgsbe@foﬁmeﬁ physi cal | pyer
attri but eS‘.'"HTeg‘FRQ G@feeﬂﬂé‘ﬁxuu""b OTTE 0T

Table 2

[0037] The TRQ frame is a management frame of category HT. The TRQ
frame requires the next transmission by the responder 204 to be a sounding
PPDU with specified physical layer attributes. The TRQ frame includes one or
more of an ACK policy field, a request identity number field, aAresponse time
policy field and an aggregation format field in addition to a channel sounding
parameters field, as shown in Table 8. The ACK policy field is set to either "No-
ACK" or "ACK." The request identity number field is set to a request number
based on training procedure. The response time policy field is set to "immediate”
(SIFS), "delayed" or "unsolicited." The aggregation format field is set to "A-
MPDU", "RIFS-PPDU" or "No-Aggregation." The operation of tj:xe ACK policy
field, the request identity number field, the response time policy field and the
aggregation format field is same to that of MRQ frame and will not be repeated

herein for simplicity. The channel sounding parameters field indicates the
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nore of an ACK policy field, a request identity nunber
field, a response tine policy field and an
aggregation format field in addition to a channel
soundi ng paraneters field, as shown in Table 3. The
ACK policy field is set to either "No- ACK' or "ACK'
The request identity nunber field is set to a request
nathiibesind 98 6FHTNodd ShHIAIHANOQRT
olic fi@gl d |g ijt; ton'[}]iﬁmmdl at eﬁ%h%%{?%ggle&ﬁgﬂ%ayew
‘g‘“"e kg rdfe ikehe aggregation format field is set
to "A- MPDU', "RIFS-PPDU or "No-Aggregation." The
operati on ‘ the ACK palicy field, the request
i dentity niffipldiOnder| (Frape Body Field cnformmtivol fody fi el d
and the aggregation T@mgﬂreqmﬂ(TEQ)sﬁmeto tihat of
MRQ frane a;nd WJII ncACKepohapeat ed herein for
si mpl i ci ty [~Fheschramer—sotrti-n . at-areters—Hel d
i ndi cates {he 210 n SRR T?( Rfer LT | ong |t r ai ni ng
fields (LTFs), Bhe n gbndeftirhé phlgyn T and T egei ve
ant ennas, ¢ i { Lel d
I nformatioh fo 4Trai jregeRéigadermatTRY) frame 1 ACK
policy 2 REGUESE 1 1 e sRarse i ne
policy 4 gtegatiaon f rﬁﬁdélfyleg%&dmnﬁ& rsoundi ng
paraneters Table 3 [0038plefhe new fields, (i.e., one
or nore of an ACK policy field, a request identity
nunber field, a response tine pollcy field and an
fo%ﬁjr egatThernevofields, (6., enadr mene dfeniACK polde field aruyeqﬁgs@e

B e
eihanmebe mg},tpiydgg anfrtgpreof faar@l, sheeatbacdodeaguest fibmae,
mﬁie@@époﬁ?@ﬂgﬁx &k NERRPASEnd 53% uest i’%‘am%%lsl\lgﬂgé gh%l{]n %e%;r)gnse

frame I bration Soundrhg fres
frame na g $1 f%ﬂb@knaermesteﬁtamn as@ﬂioﬁee@abkmeﬁdnsé rfedfRe, &N

Ab$iah | e

“Ar0639] as'ltalgc ﬁo & ?e%agigs?{% r %onuél %algdr‘?sﬁ%nsﬁoﬁgmreegp%ﬁ%sémt
qrmq@e]@p@om@dhgmequest frame, an antenna selection feedback frame,

or the like).

[0039] The mode request frame and the mode response frame are used for

exchanging the best transmission mode to employ for high throughput
communication. The MIMO channel request frame, the MIMO channel response
frame, the CSI feedback request frame and the CSI feedback response frame are
used for exchaning CSI Between the initiator 202 and the responder 204. The
calibration start frame and the calibration sounding response frame are uéed for
calibration purposes to remove differences in transmit and receive chains in the
initiator 202 and the responder 204. The transmit antenna selection sounding
request frame and the antenna selection feedback frame are used for antenna
selection by the initiator 202 or the responder 204.

[0040] Figure 3 shows an exemplary process 300 for exchanging packets

between an initiator 302 and a responder 804 using an A-MPDU with an ACK
-11-



exchangi ng the best transm ssion node to enploy for

hi gh t hroughput comuni cati on. The M MO channel
request franme, the M MO channel response frane, the
CSlI feedback request frame and the CSI feedback
response frame are wused for exchaning CSI between the
initiator 202 and the responder 204. The calibration

po?t‘:}a L@e&ﬁ&{“as aqe Uﬂ@ f&‘ar\{lgpﬁtﬁsoﬂl SQUREINRY W8S RAS S153'esent

are used or ati on gur poses to reno
invinftiony he initiptpr3P3 genaratey adeqeast %enérﬁﬁifﬁkfrmeﬁh%when

thlary ik 12301 ¢ APth {iGed Jﬁxﬁﬁ&n rargpﬁm%lg— he R’T@ﬁ%ffh el312 to

ntenna sel ecti on soun reguest rane and
thamsenm@r%# veing eha$1ee¢tbaek—agmeteéﬂ°é’m§%h4 fldpongaeciptpd

FRSGHAER0 (LRt 81l S AE) foinelt
the xwhiatvyi30g usacledhasic tabe m;eaga'ﬂgatﬂg PEM 18 fftegrrgeadving

thb f{}Qx%r 3§8 ‘éﬁ%@t@“so‘é NEDLL W L1 APk 320 Hchpi%%
Specl I n accordance wth
MBRMMRDU Bm/ae detadPDTse820hiand atAR BFDT 8Ae: dthed)- MPDU
UL ST L by
onflraaiveMBMQ and defdvdt M&Sponder 304 using a basic rate

aggregat d
0PFl]; 29T Y A pottheid e MIGE VPR 23035s Kt No-
ACKTBE réspanéeriﬁl)& dumcﬂy h@ds rint BB MMBDL &h‘iaw‘glthmttﬁn@ng
e
ary ROR (0 3B BTG T Hhe 16h nALE ST SBRCIL Bbpod 8 561
genacltercimey- MPIDUNR@ m&l@btjg SROMF EMMPINP B2 32dh W“é’ to
DU 32 u MI@D
g[g“é“rdée et %"%Wﬁ 3 %g@v% ?gheg*g ner alt9 2 3t Barg
anof-HFasT 62€M MO and defaul t MCS. [ 0041] Since the ACK
icy fiel.d.of t
0fRL' Y it 06 MG R i Mniriid Spad B dgadn
optiiniibal MG ivd angrdaace AGkh tlme VIS freldbatdreinchiledl jn the MEE
20 a... Ih e I
M e i R el R R R 2o s A OB o ol ide AR
MAEDkiz@2Badgda stz&mmmds RBlug 23205 PRRH3 3 wpse
he PR
raliF PSS BT WO Gt e Rispiy i 854 1 yonds o
BAB32 tptepinze tb TMEBARMRING B2%nesngh nbn-abgrelggd FEENHad%
er sluléléjeg q"ui transxglsé\{gnB of the data, the initiator 302 then sends a CF-Poll
END frame 336 to release the TXOP using a basic rate non-aggregated PPDU
338.

[0043] Figure 4 shows another exemplary process 400 for exchanging

b~y
-

packets between an initiator 402 and a responder 404 using an A-MPDU with an
ACK policy specified as No-ACK for MMPDUs in accordance with the present
invention. The initiator 402 generates an RTS frame 412 when there is a data to
be sent to the responder 404 and sends the RTS frame 412 to the responder 404
using a basic rate non-aggregated PPDU 414. Upon receipt of the RTS frame
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MWDU 324a. The initiator 302 generates another A-MPDU
328 including data MPDUs 328a and a BAR MPDU 328b and
sends it using an A-PPDU 330 whose rate is optimzed
based on the MCS feedback. The responder 304 then
sends a BA 332 in response to the BAR MPDU 328b usi ng
a non-aggregated PPDU 334. After successful

412,aRs i’@s?&ﬁdé&‘ 404 s&ﬂﬁ a@@ﬁaﬂn'@@nb o) Eﬂéhﬁ{at%gtlﬂﬁlgﬁﬁmc

aCFP END frane to re ease

Taj5 opR-aggegated KPR LA LY a%fé@ reqebling HBETS @M@Fl@lt@&mmad;or

46N @8RcralRt N TA ISR | SDYinl gi.n
@ gke?s bet vve%en an |4%Pt| g{“gggzgz a‘%dwres onde an?ﬁﬁQ

HY Qb pdaipMFRys M%@ndm JERY 420d chie M/ﬂaaU 420is
selﬂ@, u§Q§ aB%%g‘P%E%PﬂU A %{11% geﬁ\érta{t}edtbtggecp ?sm M%O

e initiator 40 ner at es an
a%ﬁ‘iefﬁh]éﬁd@%ere is a data to be sent to the responder

d
ot o saspe R AL R
8&208far@ et RTNoAGHRethe regponder 494 dlree;is;pmnde ranAdEB
UMD s LS Tendidl o oAt AT b3l R Ba By Bripe
Hr4a"49b The reﬁphed‘#rrﬁofil@n@ratemg\éﬁBUaméSmdndmg

O e DU R DR e s Ao e i
4%Wrﬁ§ueWY%|mMMB§&%)at ed PPDU 422, which is
‘°ff822f“ She IR MG M My o R bl e

z@éeswhen@ﬂ@t@m@mm@iw (qabbamd@ngm soupdiNg-PRORJ 4260 he

e oL 1 e ok S, PR lli i P et
pagkety fehe m@tmﬁ}aﬁlwmewwﬁmrmwwm d24gendsebas aﬁn

°P§%W§e¥§§‘*? B R B R0 e iR
4249 tHee TRERIVPOD ge20ratef 004Bier ThdRDI 1428t mchd b HERQ
ot uey ity . 68 8P o4 T £ G
4289 gnd ppeds thetA-MAE 4@Iusmg ansA®PHIY 48@t Thad-RPDOD 430 is
eoBAEL 6 A OSAAL AR B ol ot
the £]%cand the MFB. The responder 404 receives the A-MPDU 4928 and
generates another A-MPDU 432 including an MFB MMPDU 432a and a BA 4325
and sends it using another sounding PPDU 434. The initiator 402 receives the
sounding A-PPDU 434, estimates CSI and selects an MCS based on the MFB.
The initiator 402 generates another A-MPDU 436 including data MPDUs 436a
and a BAR MPDU 436b and sends it using an A-PPDU 438. The A-PPDU is
generated based on MIMO parameters and MCS that are updated in accordance
with the second CSI and the MFB. The responder 404 then sends a BA 440 in
response to the BAR MPDU 436b using a non-aggregated PPDU 442. After
successful transmission of the data, the initiator 402 sends a CF-Poll END frame
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optim zed MCS in accordance with an MFB frane incl uded
in the MFB MWDU 424a. The initiator 402 generates
anot her A-MPDU 428 including a TRQ MWDU 428a, an MRQ
MWPDU 428b, data MPDUs 428c and a BAR MPDU 428d and
sends the A-MPDU 428 using an A-PPDU 430. The A-PPDU
430 is generated based on M MO paraneters and MCS
449R} LOLZLIné TXOPCQARD 6F5id:4th, ndd at@BPbeLdEFB. The
responder 404 receives the A-MPDU 428 and_  generates
[0046bt her FigwrBshews anrrsemplary paref- ) O\iorexshesgine pagkets
be%eﬂ%%t%& SRR ol resptilfG AR mﬂgnﬂa%ozi%-

e initiator 402 receives the_ sounding A-PPDU 434,
speaifiedhan Me-ACH fonihe MMPIN{sin gacontncy s Ethe pressat igrention.

it1aldri 308! b ¥ 36 be sent t
TR AR RS 48 MR AT 81

the serponder 504iang sendtiprElS frage GietoAhppespopder Péiising 2 d
balR38E -z!.\égl}%aeﬁf Pﬁﬁt]ecﬁ%. nMecib@Ftha REsUPLAL 61, ithe
ance th t d . The

accor e second CSI and the MFB. ]
resropfderifdsendyva €RE framed$ tatieAnitipgorn 502 ysingrobpsic rate nope

ag uggggs%iaﬁét%gsﬂ% focfi0fip g %y«g@e Ui Rnitidibt 802

ansm ssion o the initiator 402
gesentis aa MRQIMPIRKBRG autheends tlg> MBQ VIMBIYY 63Q usipga barop

ra%f%odh?aeg%gg%ﬁé@ﬁﬁb%zzf‘ W 1@;1};?13 9&8@&1&&1@%@?@% lifQdS ko2

OWs an exenp process exchangi ng
algpageketades oA WERRU4iinileding dntaslFDAlsP24a ead pdHde
|
o245 b st SIPDD B ACH TR 1K S G n BPL PP
52Pmsing o f\-PPDRES 26 i which dr g@@Ratgd rhased e sabrsierMIMQ aad

deg%’itﬂla%n there is a data to be sent to the responder
and sends the RTS frame 512 to the responder 504

(00451 ng a AflFaseeiving theMRQEMAFRIYEG2E, thrmesmnder Adhirectly
SRR RTS8 T g 0RO SRBEROR s

of Hlat M MMEBH #igeic el RPDUAGES, Withowt raleasisiaibed i tBYS
| [ .
rogloTe: 0L perdfion d A ke BPF 1o AEREHALER AEMT M
MPBWsdgdn egdiseddPiBUBA 32 affer RINE frerh dhs ityagsmipsiopredithe
bpitiataor 5 tes an A-MPDU 524
PrDY o iutﬁiél%c?a o gl EIB 0N €3 A B S and
[0&8hds t HEheAnkRDor 602 rexbives tiRl MEH MOMPPHS2E antb erlests an

-

f .t 52 ' ) [ '
onihONER 2B, BV R Eh i aeftroU 525

The initiator 502 generates a second A-MPDU 536 including data MPDUs 536a
and a BAR MPDU 536b and sends the second A-MPDU 536 using an A-PPDU
538, which is generated based on basic MIMO parameters and MCS optimized in
accordance with the MFB. The responder 504 then sends a BA 540 to

' ackﬁowledge receipt of the data MPDUs 536a using a non-aggregated PPDU 542.
After successful transmission of the data, the initiator 504 sends a CF-Poll END
frame to release TXOP using a basic rate, non-aggregated PPDU 546.

[0049] " Figure 6 shows another exemplary process 600 for exchanging
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default MCS. [0047] After receiving the MRQ MWDU 520,
the responder 504 directly sends the MFB MWDU 528
wi t hout sending an ACK since the ACK policy field of
the MRQ MWDU 520 is set to No-ACK. Wthout rel easing
the TXOP, the responder 504 generates a BA frame 532
to acknow edge receipt of the data MPDUs 524a and
2 B R82103T608 an B Fashéridy 608 ubin@NS RIS WRh ok
pact%ﬁe ) E’%% 530 us? ng a ar?or?— asf) regat ed uPP%U 534, [0048
ACKiwlieysnecified ps BoA G Eaithe¥ MIHAUR mecypmryesnth the grosen
invehl .tc'lﬁl(?%itiaQﬂ[ d%ﬁ&a I REERE G20 GBeMHcie AR dMeBro
I'ncl'uded 1 n the MWDU 528. The initiator 502
be gpa o titeespondec@ifcansl JepEx SIS frame$ilA do therrasnoparyto4
. A S aRTE\sR{U
Imgé g%l? éc’lf’é%tegﬁﬁﬁ%%&g ggbtaﬁﬂ’& h@?gﬁ aéecﬁg)} Z’tg ed b a%e d on
612 dls¢ resinier (0 sensls G SHfiraimp/BL6 dpitieriisiaton 602 vgingst kigifc e
rat‘é%éﬁa%?r%%%@ pphife{E SP?%Q E@Jeig’%gé tHTO $5R0616 tRAnRHot O
acknoWredge recel pt of the data MPDUs 536a using a
602\ grmeratgs @ FROIMPEI6ZUand senfls the TR YBYBPT|620 using a non-

ag%fﬁg%gmﬁzﬂ i B& &%@f’)ébb?tﬂe%ﬁﬁbp BoPo SERGateR a

ame to release T using a basic rate,

MReﬁ)Q() gm?@{é@aﬁ cuhdPRDUs 316 MRQOMDIPTHY fifealbersRBIE frapoittfer
r .
tro R ok B K g T e the
sarRé PEO), the mmatigm gehdretes gpécMPDéaé%ﬁgnNr_sdlA@K dngyMERD
g .
c20 o] SpAR \EF30 RN R MrliR R ARPOTERG uolpB LRI PP EE0°,
Tte ARPRU 630 isgesented mseden basipMHNK} pHRmelsry 288 adisfanle
S frane 612 to the responder 604 using a basic rate
On- aggregated PPDU 614. Upon recei pt of the RTS frane
[0060R, t h&he esypondreT60804ceieascdthe R JINPRFL6YI gnd the MEQ
[ or._.6 ' j - . ;
R S e e
PPm6 P63fesarauetedby TRETRRBMEENY 63hdSinesids Aderdirpirdepl
[ - |
TR DR, B pd 164 ARG NI P bore' B RS AR
respddexrtd4 sitrecidy sdnds MROIRBPOIPORL63E withowt seBding grieparate

A B REsEF s Socelpt B B LhOMMITI 82 AR GURUEDU
62¢enerates an A-MPDU 628 incl uding a data MPDU :
[0051] In the same TXOP, the responder 604 also generates a BA 636 to
acknowledge receipt of the data MPDU 628a and sends the BA 636 after RIFS
from the transmission of the PPDU 634 using a non-aggregated PPDU 638.
[0052] The initiator 602 then receives the sounding PPDU 634 and
estimates CSI based on the sounding PPDU 634. The estimated CSI is used for
setting MIMO parameters in transmission of next packet. The initiator 602 also
receives the MFB MMPDU 632 and selects an optimized MCS in accordance with
the MFB included in the MFB MMPDU 632.

[0053] The initiator 602 generates a second TRQ MMPDU 640 and sends it
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628a and a BAR MPDU 628b and sends the A-MPDU 628
using an A-PPDU 630. The A-PPDU 630 is generated
based on basic M MO paraneters and a default MCS.
[ 0050] The responder 604 receives the TRQ MWDU 620
and the MRQ MWDU 624 and generates a MFB MMPDU 632
and sends it via a sounding A- PPDU 634 as requested

. pal iy fiel f .
o DG OO SED skl e A 00 ol iyl
seg9nAMEQ MMPDPcbdd andesendois afiey BEES fromdhe traasmigsBnMiRzU

AB3EDWiddh %&gssm%w 636PALALE t}:a%é @ﬁg%k g&%dag%r 602

recei pt of the

genyoatep ap A-MRD UsGddanginding datreMPES froide and 8 BAR MFPDU 618b
d
SRR B30 b RSP AR LR PP O
aR PaRBRPSEH00 il ket ABRDBPEA2, 638, GRS g genamuechggaed@atmnwo
pfﬁwt@g 8nd aL%%]opﬁﬂngzeHQﬁ 5}30%{’ ncg %ht %I’bé ﬁlt%{% g’[EtI? €

soundi ng P estl ma
[098#indi ngllrmesp@Rler 604 cecelyes Het sadonasrRQstw 640 and the

T e .,
the MFBMMIEDE G52 uning pt Semnzle@uhﬁf@g APROID684Nde thitshme

TXOP, e $eéﬂ3ﬁhéi%q 219 ﬁeﬁgra%s% %gg %%%Fé% %ﬁelgﬁ 8f the

initiator 602 generates a secon
daga AiEDVs 648ﬂ@d/$ea1da therBRBH6) ugitig. 2 mon—aggfe%ahPH’BU:%St he

Bitiato Sex
[Ob sen %?l?e g%%rgl% %I%%%&?lde;ou? ﬁmgt rans nﬁ/%? 4olﬁ°1g%n(ghti‘
sepprrdﬂ@BBGWMHmﬂ 662,dhe MnifR{oy 662 6stivbies Y1 smiackbaizan TXCR,
it r 48, i nc i
o oh Bt S8 Vo A1 MeBRCAEMIP B S5kl 06
genetabe # dust AMBPUR7P $ndlnding datarMPDI & @¥i0aahitl heBBPmma
[ 650 are
o108 BRSO T 490 g i
baged oni MBMO| prrametsrsl andeamMChS opiemPel iardtcdrienddFBith the
uﬂdg%ﬂs(f 8 yrfgponder 604 receives the second TRQ MVPDU

second MRQ MVWPDU 644 and generates a
[0@%d ond ms reAvP D2 reeiives tins-MPDY 6VBBndA&RI aGA0674 to

acﬂﬁévﬁgdéé 1%@69195'?)‘}1:1'? &%RQ Mﬁ)l’?& 6%8%1%%45 nonpagye%at%ﬁ %DU 676.

After successful transmission of the data, the initiator 602 then sends a CF-Poll
END frame 678 to release the TXOP using a basic rate, non-aggregated PPDU
680.

[0057] In accordance with another embodiment of the present invention,

the action, management or control frames may be prioritized over data frames.
Such prioritization may be achieved explicitly through a designated field in the
action, management or control frame, or implicitly via a hardware or software
implementation that treats action, management or control frames with a higher
priority when it comes to accessing the wireless medium. Such prioritization

scheme is applicable to all action, management or control frames that are
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TXOP, the responder 604 al so generates a BA 656 to
acknow edge recei pt of the data MPDUs 648a and sends
the BA 656 using a non-aggregated PPDU 658. [0055]
After receiving the second soundi ng A-PPDU 654
including the second MFB MWDU 652, the initiator 602
estimtes CSI and selects an MCS based on the new VFB
i i m ement
P A M0 D T h b e B et
freames we@AR tvPBIssiTOBodnipedhachsnd ichanndl fepdpachpte.g- cifigde
. ' Coh D
L R L S i ey
MRRJERQdra@sis).and MFB. [ 0056] The responder 604 receives

- d sends a BA 674 to acknow edge
[Odrgeé ei p{v%g?#gg%gt a MPDUs 670a using a non-aggregated
[0@PDU 676, Ahntawirglesseosuhupicationrystessinghiding q%’@l‘%&@'&f
he i Nt . 60 - .
cob bRt 00ER0F 080 S8 dipdelly Rl AR LTS BEE
exéaDge béBGen c@BBThidation cobticn tbempthod camprivge:
embodi ment. of 1 4N8 %g%f%guéﬁwé i‘%@v reshd¥ReAGHEON,
managenent or ContTo rames nay be prioritized over
dat a fr dhessporder bendinga Fesponse frameatayheiaitiathr egponse
XPliCi t O ' ' i i
o R 0 L A S 0O
fortrerkcduwledgiog rewmintwétle requpstéramme ati on that treats
[O(?)f)?)ﬁ I on, 2mnaﬂ§er$9ﬁmf9 bf Méntflmén#éﬁsﬂnpé&%s the

ority when it comes to accessing the wreless
respedsaframSwithipa slont triteaframe spadhe(Pbl Bifreamp bhe témp Heatithe
all .action n r control frames that are -16
re%?%%%rsrgae%éf t%%ﬁ%gp%%m%y WW SE particularly to those
[0GRif i on &nd rEieageetbod off ewiedimenbdl fwheneinthen rspander

.node .f eedba ck, (e.g., Mde
pl%@é’gﬁ%kf ?” ,ﬁe ﬁgﬁéﬂ%&ﬁﬁ% gg %%P%}E&%gn nel Request and M MO
[O(Ear;!%n n _el 4Rtes pﬂnisooagethm( pf Eﬁ@odlmmté Inﬁes) . WP@@gg]the t 1.'esponder

odi nent s . SS comuni cati on
aggiret ger#lﬁ% léﬁsﬁéﬁsﬁ gra]allnelpfvbt#l%nﬁh% g’% conmuni cat i on
0easli ti e$, a Tistmeithofl of enshwidiameritigvheseip drestiesondersends the

rol A SXCAANAP R NPAD ERIHUIAER k8. BPhbbfS: € he

conprisi ng:
[0064] 6. The method of embodiment 1 wherein the request frame

includes an ACK policy field to indicate whether or not the responder is expected
to send a separate ACK frame to acknowledge receipt of the request frame,
whereby the responder sends the response frame without sending a separate
ACK frame only if it is indicated by the ACK policy field.

[0065] 7. The method of embodiment 1 wherein the request frame
includes a request identity number field to indicate a request identity number,
whereby the responder includes a request identity number in the response frame

corresponding to a request identity number included in the request frame.
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an initiator sending a request frane to a responder;
and the responder sending a response frane to the
initiator in response to the request frame w thout
sendi ng a separate acknow edgenent (ACK) frame for
acknow edgi ng recei pt of the request frame. [0060] 2.
The nmet hod of enbodi nent 1 wherein the responder sends

[od regponsend hRMEdbA Qhﬂod%n%ﬂpitwﬁe@&ﬁrthferz%qﬁes‘é BRGhOY
é FS) fromthe tine that responder receives the
in

eg trespoage e @ekiqy ﬁeldTwemﬁieanm whethes ibg drepranden is
%deﬁo e&lﬁ% & FBOARS amp 'i]ﬁﬂﬂé@ﬁ@éif o} Benie 8 KRSz Ratld 3FBe

anot rarre 0062] 4. The mnethod of enbodi nent 1
pewhérel n the responder aggregat es the response frane

[O(Yéﬂ h angt hermid alnod Qpéﬁﬂ)ocgrsueﬂj? v%&*&ﬁdthgfregﬂa@%dﬁ@t

1 wherein the responder sen response frane
inckirddsotresioned higng meh@eﬁalﬂatOemAmtq waetheyythg afespnder is

exlr)e%’e%do sﬁ?d Iﬁb%%@g%ﬂl n'rm;%K 3 gegrgg%%gef éhome

uest frame
IOOG&H i cat d0wheThremebirodnof embaedimerind rvmemsthe%pem% drampg)

1nc{§§&]e% &h %g%%é@{l% n@&k@y mﬁggegtﬁdﬁ%%tﬁ&g Bhd %:ssg;p&er%ay

e requ e responder sen
aggesgpioribe réspanse franhputh @émﬁt nge angtberiframe. ACK frane

f

(%8%36/ 55 _}Ilt Tlh £l é ﬁ%ﬁ%gpe?n&é%ﬁ%% %Qﬁiﬁe%% V&]Mgéfegetﬁon policy
fietdsiguisstestthatitbe initiaton ded the resnpmder ategeprctadyto pepdyapltiple
pa%l%e% ) 9edug9d ﬁm%ereﬁrgzaé %8&%%@ (RIFENLI Ly nunber, whereby

uquest identity nurrber in
[0a7é res pl@n s eThe mpthod ofxfmlersipoﬂm Inghereindhe senvestframe and

h t f - 17
e e her et he
[007éﬂ1uest 18r anfBhe methaddefembedimpond wheneingdeigndgeaiegt
Z&' €S aqgégg}lﬁzgw&;epagtatﬂgxgg§sponder I S eXpeCt ed to Send

onse rately or within a designated
[OQ'Z?ﬂTe pelrh odThqg ©eGioH of emﬁh@meet hd whefeie Hiropfioritigatipn is

ooliGih g By MIERP R R i g Bl B o R e L0
[O(gssmect ed5t o Bleamhettivd qfempodm:ent L3 miergin thewrdonitizationtie
perfe Fhe (Pb ehara QR Sittor software that treats the management frames with
a higher priority than the data frames.

[0074] 16. The method of embodiment 1 wherein the request frame and

—_

the response frame are action frames.

[0075] 17. The method of embodiment 1 wherein the request frame and
the response frame are control frames.

[0076] 18. The method of embodiment 1 wherein the request frame and
the response frame are data frames.

[0077] 19. The method of embodiment 1 wherein the request frame and

the response frame are different types of frames.
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[0068] 10. The method of enbodi nent 1 wherein the
request frame includes an aggregation policy field to
i ndi cate whether the responder nay aggregate the
response frame with at | east one another frame. [0069]
11. The nmethod of enbodi mrent 10 wherein the
aggregation policy field indicates that the initiator

[og#xg the 20eSpPﬁ@§{et]§fdeoieéSﬁ§&ﬁﬁgnﬁ Q WwIRRHeinMHet ﬂeﬁh&st frame
packet s |n a reduced inter-frame spagm%%@PRlFS

inglodergymadulatippandaeding sefteraaiHeldragies &pspopsprame

mélﬁ&éé%%tMés mba&dwhéﬂaﬁy {IRIPAER Fgﬁéﬂt%sﬁ'h%xﬁm%@&g
frames. [0071] The net hod of enbodi ment 12 wherein

ﬁhewﬂﬁhﬁﬁ@g@kent franes are prioritized over data
[0679?”65 21007 8he Mbthobnér éﬁ&hﬁﬂeﬂf 1 8PS B red BetTRARE N

pr|0r|t|zat|on Is performed by an explicit field
m¢1n@ﬁswtraﬁgn$rqq@¢$ttapdcthe rerponRte YR gereraipd as a spppimg
fraprde, whefebRh8RGk Obr Sﬁﬁﬂ&b%néﬁstmﬁiﬁﬁmaﬁli@(csn from the

prlorltlzatlon I's performed by hardware and/o
sommg\@@enetmgepp@émaw@fm%ﬁéﬁ@t ¢ Gfbs W|th a

[O@()?her 2 i o:%ﬁé’ alebRf bMEmBiReht @%1 eino@yl)]eq&gé‘t fﬂiﬁe

odi ment 1 wherein the request frame and

mctlh@esrfeémmgbstﬁtoaw@rma@oadﬁs&feﬂbaﬁlé sequegips] thezespppge
fr ﬁé hofqel , esb %@Hﬁ@cﬁtres;p MOEH R chiifos CRANERIech HRORIRREr

e response frane are control franes. [0076] 18. The
anddhéoespofdesnbodi nent 1 wherein the request frame and

[O(Séi? h respgns %ﬂ%ﬁ@ﬁoé %Fer&ﬁ&d@mgfx%her[e&Q?lz bsi R usd@for at

od o erein the request franme and
leztshene efsipenszeit beamrforaying, ¢akibrationmnd pptennefselegliores. - 18

04X 78] 20. Thg. MEiRE f&ﬁbo%fiﬁggﬁit‘l TERLrein #0GESH I difed by

request rame 1 Nnc es a nodul at1 on and codi ng schene
th¢ ightor éq thesstespavdler h@ gequpnsnd avith a peparpifciegrnse aHmIvES

‘ tiat t t f

ooy BE0 AR s wiiE EPbhe Bl & O 85 The ot hod of
[0@88odi m@At 1Theeedion of ¢rebodimertst whersimsframeireppasitted by
thg {nqﬁgﬂop & %13 g&%%ﬁde‘? Qge &Hﬁeﬂc@&@&ﬂ%@e&{e@@@nﬁlﬁb&%Gﬂt@* &dt

is used for data frames with which the frames are aggregated.

—~8

[0084] 26. The method of embodiment 1 wherein the initiator includes a
block ACK request (BAR) in the request frame.
[0085] 27. The method of embodiment 26 wherein the initiator sends a

separate BAR for a management frame as a part of an aggregated medium access
control (MAC) protocol data unit (A-MPDU).

[0086] 28. The method of embodiment 26 wherein the request frame
includes a BAR including two portions, one for a management frame and the
other for a data frame. .

[0087] 29. The method of embodiment 1 wherein the responder includes
a block ACK (BA) in the response frame.
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frame, whereby the initiator estimtes channel state
information (CSI) fromthe sounding frane and
generates a next frame based on the CSI. [0080] 22.
The net hod of enbodi ment 1 wherein the request frane
i ncludes a channel state information (CSI) feedback
request and the response frane includes a CS
[odgggdbacisor es’?ﬁ?@ﬁx@tb‘&ﬁ oEdF Rk bR Her B8 MERBpIrlBr sends a
Initiator and the responder. [0081] 23. The net hod of
separBtaiPAfona anggement ﬁam@seelar# of aggaregated pedipm aegess
&y htaabeamk (2 calibration and antenna
cOl(e'ﬁlﬁlectl )Iﬂi 85};;24 ?The rret hod of enbodi nent 1
[0Q4%er ei n 3y an@he methedaf embadiment 2f avhexeinithe sespprserffane
m(ﬁﬁﬁ%%ﬁg& Rl BnSOAURREGES, YAd Br é‘nﬁ%@?&ﬁ&ﬂ; RSB other
nunber counter that 1s unique to the responder.
fOI[aD@@@]fr&Bée The net hod of enbodi nent 1 wherein franes
ddgpnsm Sged P em%&%d'opéib%ﬂﬁnﬁ PwhbBRif BRAGHIRE BB is a
sequence %rence nunber counter that 1is used
méd@umCMl:@Smléndéqu) apte.ch the frames are aggregat ed.
84] T aaEyB T Rireth thEfdsBidie B
[Oclgér?ll?tl ato%r% [ n'(i:q &J?’ggf%%b Q%K reql‘jest Sg el n teﬁsea
medeqmeascesﬁp@m:eol(]}d@@)ﬂan@? The net hod of enbodl ment 26
reinghe hni pa BAR.. f
g €1 1 syne KN bl 2Ql 35 HurfloatREP LA En BAR: { Qfahiincing

agenent frame as a an aggregat ed nedi um
respoosigsness of ¢ frame (emh@)lgq)bet‘fwewonuatlawewq entitierstie jystem
co&gpigﬂg 28. The nethod of enbodi ment 26 wherein the
t frame includes a BAR including two portions
one for sa indivderenonfigwed Ansendraorethest framecto afrgspoader ead

frame. [P0 s%)ox?d%r F(;g%u%éaggn re%%ﬁgg !ﬁ%ﬁfto t].he‘mﬁira@dr@n

t he respon I nc
resy@epo be the regmest frarge VGUBS} sgx@hng’hnesqygraﬁtg @c]émowledgement

K separ at e
BRI R} addh ol laoldifh S3RORIRRL BEAED & Sobe o
[0088Hi um &bc es’§he epstemodf ‘émh@mpnbﬁéc@lefé@t theypsponder is

é\%l}g ?ﬁ@% hQQc??eL LR R Ci-.lh&}% ﬁEEQ%ﬂ@éiJaa%g (STFS)

e resp nse Fame 1 nc es a BA 1 ncl
frdmvﬁlqatimbitbmsthemmomﬁr racaieasdhe resvest frame. and t he ot her

[0094] 36. The system of embodiment 34 wherein the responder is

configured to piggyback the response frame on another frame.

[0095] 37. The system of embodiment 34 wherein the responder is
configured to aggregate the response frame Wifhl another frame.

[0096] 38. The system of embodiment 34 wherein the responder is
configured to send the response frame without sending the separate ACK frame
by default.

[0097] 39. The system of embodiment 34 wherein the request frame
includes an ACK policy field to indicate whether or not the responder is expected

to send a separate ACK frame to acknowledge receipt of the request frame,
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for a data frame. [0090] 32. The nethod of enbodi nent
1 wherein the request frane is a nedium access
control (MAC) frame. [0091] 33. The nethod of

enbodi nent 1 wherein the response frame is a nedium
access control (MAC) frame. [0092] 34. A wireless
comruni cati on system for enhancing responsiveness of

whir b&%ﬁgre%gmp %ecoﬁﬁé'ﬂi‘é@ to ééﬁmegﬁ&ds@ @raﬁigvh%cﬁﬁ seddiy

Sys rrsin an initirator confi'gured to send a

a spmtesACKrfaame pelyaf it ésindiratad: bythe AGHK golirdiskhder
[O(ﬁ)%?f I guygd tf,S g}%@eﬁi‘ of %ﬁm{? nt %@Wf?hér@u; b jeQhdst Qfa@x'ie

response to the request frame wthout sending
m@@q;ya raateguess kdephkite @gmbghﬁeld (tql\g@lcaftqa aFeayest identity number,

w E}cﬂ% e% bilgbr§€ Evl‘ltlreﬁfto fu e%%&ééstgc{e"i\%y ntu@0S3h tﬁ’e’s-
IR FERbAriE R Rl v LS

erelrn the responder is
responde gamedcomsswung hre arl@gmﬁﬁ dgerftityy mumperhinpluged jp the
re ue&?ﬂ ama spacing (SIFS) fromthe tine that the
168 sponder receives the request frame. [0094] 36. The
[009,935t em eiﬂ erfDiodéystern of 4mphdineinh ¢Heherespthedeeguess frame

fi
00 O afoke hOBGS ol ERSRN0SA AR ARLY S
expdmmdrteaend ke résponsedidme immddiateln gy radan @ depignated parss e
pen?r&;rre W th another frame. [0096] 38. The system of

odi nent 34 wherein the responder is configured to
[0196hd t hd2r es’ﬂmﬂsxstém afremhpdinout 3dembiéneip thecrequest feanee

inc@%ggel{ %gsfﬂong% t1 ?}ﬁl«%’ %ﬁ% got%qnd?c%te ml%tﬁéi'sih%geg onder 1s

e request frane
expuctedpolsend thd wkpbrise fnancdﬂ atattmesvﬂhet therregpondet Chﬂh@es

respond I sexpect ed £ S 0
o how dtye TESBreaof pihetfiknde PRALA b Gyldiing U
indliidesr A5 pgndestiors palinyf figdrte dndioateewbetbke the sqzapns@rfmane

a separa rane only if it is
ag?‘i?éf‘t@;tﬁ‘sae%’ LI D her?%f‘ [0098] 40. The
[0p3t em aht. e n’b]ﬁmhyamm of&ﬁbnﬂmnemt %3 Whexemedim’gre@ammaohcy
ﬁe#«ﬁalgllég‘{%% u eé ’ﬁ)l d eﬁ? hllet I%Spon oF artrefeIXS(Lc(ée& 8 s&?&%ﬁﬁ&%
packets in a reduced mter-frame spacing (RIFS).

[0103] 45.  The system of embodiment 34 wherein the request frame and

the response frame are management frames.

[0104] 46. The system of embodiment 45 wherein the management
frames are prioritized over data frames.

[0105] 47. The system of embodiment 46 wherein the prioritization is
performed by an explicit field indicating priority of the management frames.
[0106] 48. The system of embodiment 46 wherein the prioritization is
performed by hardware and/or software that treats the management frames with
a higher priority than the data frames.

[0107] 49.  The system of embodiment 34 wherein the request frame and

the response frame are action frames.
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whereby the responder is configured to include a
request identity nunber in the response frane
corresponding to a request identity nunber included in
the request frame. [0099] 41. The system of
enbodi nent 34 wherein the request franme includes a
responze time policy field to indicate whether the
pon i's C
(O} GIE G 2y ThERRER SFerhBaBaOd el i BRI ucdk AR and
th[e@é@ﬁ:]tseélf?ama'hm epstobfranfesenbodi ment 34 wherein the
uest fra | ud Les I
[Og(?ii ndi csfgt en@}%e g ﬁén}?ogls%%n %& %]Hg%(%‘e%%{l%ﬁlhggg%d
thbhéspbﬂ@ﬁbmeafd@atafmmésl nmes that the responder

oses.__, [O
rein qzh i‘gﬁ%@ﬁmf’{%ﬁ%‘) ’F?%@&d"é?r%{n aegrge egs % f%nﬁ and
th@@éslpﬁﬁsef ﬂr&hd ateodiiffesbing ay@s\ohﬁ-bimes t he responder may

aggr egat ons Wi t ot her., frame
ofB057 55 | Thb® SyRPE AT S B kPR et BFAFegt frame
mé!GgéstﬁﬂlﬁbrﬂtﬂBm&Qhﬂl&(}bdlﬂg‘ @h@lmé (Mtg Spfegtest gad the‘l@spdmsé framer
n esp nde re e ct e nul t
inglatsecn HOoSbR o goa 4 TRGHoY S GP L AR et rame
ba[s&ﬂ-&i’&he“l'fics'lib&ib‘égtstehm of enbodi nent 34 wherein the
uest franme and the respons t

0 e, 4o30TyS et &eBBRe L At ST AR e
mElHEes”@ﬁ% Réquebt aﬁﬂ?ﬂm%ﬁ)oﬂéé fhidelig g@he@wea adattsaundmg

frames. [0105] 47. Th f b t. 46
frqrhe AP PARSAT Gl I DR PBy R TR PR O

frérA 9hE funehghdBE bhd g@tﬁerhfb@ armﬁaﬂem rbtasédm cs1] 0106]
48. The %stem of enbodi nent 46 wherein tcg

[0pt3lor i t iBPat i She p¥stepettfsRIAdEmeRs Ei‘ﬁ%ﬁ“é hgpfest frame

m@lﬁﬁ&é’\@ cRadrdRbtatd GFbSndt Mﬁﬁa@d@&k r&ﬁtﬂﬁﬁ andMthdiresponse

hi gher priority than the data frarreq ! 07] 49, .The

frampe inchidss a K SRadhavit responp Ehish papes peny tha fpitigioy
artdtmerrgs% ase frame are action frames. -21 [0108] 50.
he sysStem of enbodi nent 34 wherein the re% est

[Oéwd t hed6: es pbnsestem ghermhedimentid Ghereruihe Lol 1s tsot 53

least one of transmit beam forming, calibration and antenna selection.

[0115] 57. The system of embodiment 34 wherein frames transmitted by

the initiator to the responder are sequenced with a separate sequence number
counter that is unique to the responder.

[0116] 58. The system of embodiment 34 wherein frames transmitted by
the initiator to the responder are sequenced with a sequence number counter that
is used for data frames with which the frames are aggregated.

[0117] 59. The system of embodiment 34 wherein the initiator is
configured to include a block ACK request (BAR) in the request frame.

[0118] 60. The system of embodiment 59 wherein the initiator is
configured to send a separate BAR for a management frame as a part of an

aggregated medium access control (MAC) protocol data unit (A-MPDU).
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[0109] 51. The system of enbodi nent 34 wherein the
request frame and the response frane are data franes.
[0110] 52. The system of enbodi nent 34 wherein the
request franme and the response frame are different
types of frames. [0111] 53. The system of enbodi nent
34 mhereln the request frane includes a nodul ation

[of‘ codigq ig@gg é’%%i ancs& nt 8 WHRGeih ROt 35T

Iudesa the initiator is

conﬁgnneg P eulclu@enge RevRiim the mequest frame, tha SR grludies trs
pok é&; g ftaln F08e SHILE BAbAbr SARQHk B34
er él h the r eq tf e

rame I nc s a training request
[Owﬁj t he 62es p’Bhrs eydtemnef embgbimentiBédvheren Swurrsperyler is

and t estimate
Cogﬁ rﬁ%lto : e%lbl% I}){rAn(Z%(?BA %&8%&; irji%)er%ﬁ{tl?]lg soundi ng
[otz@nme arﬁs ge’ﬂhes aystemaofhembodimane GBasb@emnthd}eeSQ:@lder is
ste f._em
co{lﬁ%fsi T e e
)edfmaﬁhmcﬁccesse qoretsel (MHC)tretord sipaaeit (A—MIE‘@U) \
| ude eedbac spons a .
[O ﬁmeen%ﬁhecfﬁﬁ ?%ﬁO#gﬂg ‘ﬁﬁnfggggﬁ eﬁl£ Oﬁ%ﬂﬁﬁkg}s
coﬁﬁ@m‘é& $d ieehuaé a Bmﬁdhmboﬁﬁ frsnes, thaBA hﬂ:hﬁﬁhg tveo prstidns,
r at. | east gpe of éen t beaatfgrnlng
one s iaprERa SERBLPT BRTATARS] 57, The
[0$3’.§t em @&5. enDhdiyRtnh ofnhdihentr84fwinneis the srysnitifitaac iby
e initiataqr t@%&ﬂ responder are sequenced with a
B%&%W%ﬁgggﬂéﬁ ¥ counter that is unique to
[olinq r esgandeThe £3{ekd bt aSbodiientsdasiiasteinlthe rdspotsetfrimedd
wherein franmes t iﬁ%tted by the initiator to the
a g ‘b’%%cé?sséf”étr%]eé@g i t h a sequence nunber counter
[oizgt | %lblﬁﬁéléftﬁé féhdtres fa&;aragl;ﬁnaﬂtts l3f ¥y ﬁl}éséﬂrir;bﬁngérafm&re
areagmeg&e e system of enbodi
deggrihediin th %efeﬁ‘iefilegl:i’ﬁg’ni‘%‘%s g tigtpeemianatins ﬁr&a ure
ortélé&ﬁknt&% HeOehd@ SllodeBABhoit thleNEhérefbiRets i ﬁlémebﬁsldi&he
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prp%rreéeméw@as N TR AUSLORRINATIOPE ALY T °‘étﬂfr€
add AEBer@ts ot rbseaf irBRntiaQgr egat ed medi um access
control (MAC) protocol data unit (A-MPDU). -22
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[0119] 61. The system of enbodi nent 59 wherein the
initiator is configured to includes a BARin the
request franme, the BAR including two portions, one
for a managenent franme and the other for a data frane.
[0120] 62. The system of enbodi nent 34 wherein the
responder is configured to include a bl ock ACK (BA)
in the response frame. [0121] 63. The system of

enbodi nent 62 wherein the responder is configured to
send a separate BA for a Qﬁﬂﬁﬁenent frame as a part of
an aggregated nedi um access control (MAC) protocol
data unit (A-MPDU). [0122] 64. The system of

enbodi ment 62 wherein the responder is configured to
i ncl ude aABhethed foha ffa@sexohsnge! theepetiidiecdBiprisirg: udi ng
two portions, one for a nanagenent frane and the

ot helrarsaHting g equest figrac tffablilésvpteeg soyiHng PAPRRIES

accaEEl a0 B EeyeP et URG R EPBUFE Riise o
the ndzmidstfennie \8i4}|1(wh easdeiwi]?gr 2 saepa%cg Tazimewﬂerc@nmems(ACa()rMm; rand
oot aEstaRa hLimwub it srash Mk e tased on the

reg‘g%({gogggim%rppw pr eferred enbodl ments in particul ar

conbi nati o each feature or elenent can be used
al one wi thout the other features and eI enments of the

f b W th
or i hou o egion 86 elie ! el BReReER TRECstisered
withiM @rshbAf nnter—ﬁ&n@sﬁéc’fﬁ‘g (SIFS YIRS ReQtledt Bante, f r ame

exchange, the nethod conprising: transnmitting a
request frame that indicates a sounding paraneter;

Sl 1o, S 9 TP\ BN B Rl

o #fofieyiffaghea Separ ate acknow edgerrent (ACK) frane; and
estimating a nmultiple input nmultiple output (M MO
channel based on the received sounding PPDU. 2. The

et hAP d OfTI?el @ﬁ{ﬂﬁﬁa&‘; ﬁi 7. \KVF ﬁ’l@déoﬂﬂdl g et l? éf Egre%?ted

recel’'ved W rarre Spa
witlh endtesfese. f r ane.

5. The method of claim 1 wherein the request frame includes a request

identity number field to indicate a request identity number.

6. The method of claim 1 wherein the request frame includes a response
time policy field to indicate whether the sounding PPDU is to be received

immediately or within a predetermined time period.

7. A station (STA) for frame exchange between communication entities,
the STA comprising:
a transmitter configured to transmit a request frame that indicates a sounding

parameter;
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3. The method of claim1 wherein the sounding PPDU is
pi ggybacked on another frame. 4. The nmethod of claim
1 wherein the sounding PPDU is aggregated wth
anot her frame. 5. The nmethod of claim 1l wherein the
request franme includes a request identity nunber
field to indicate a request identity nunber. 6. The
nmet hod of claim 1l wherein the request frame includes a
response, ti olicy field to ndicate whether th )
soun® reﬁalvprm%gﬁrqd&o FEcel ¥R SQHIding Rhﬁﬁﬁla%‘?rwr(%ﬁoc% ot e
(P@Hlﬁ)qut SEFLRRA i MRe p?e"qh&‘i‘ frameA ﬁitl?&dto%c(e§]—r@ £°Eeparate
frame exchange between conmunication entities,
adﬂmv%ﬁggnmgmA§KJéﬁmﬁaamm1tter configured to transn1t a
equest frane at i cat es ndi n aneter;
A SiostPl v e RhEe Rul eyl fEhS cvo)
S basd dnauerecBived e6@lditkEbunit  (PPDU) in response
to the request franme w thout receiving a separate
acknow edgenent (ACK) frane; and a processor

confg gur Mrﬁs c[%% u thg ¢ 1ece 1Vap %tcoﬂﬁg%xleﬁ {0 rege 1ve the

out put ( annel ase e recelv Souhd®

sobiibg PBDUNAthin BAhoft ifilepfiginé sp&texﬁge(SIFSﬁ@fthe Ejue e rframe.
configured to receive the sounding PPDU within a
short inter-franme spacing (SIFS) of the request frane.

o1 ggybacky or o cBlih PURERIT kA HE PRI Kriheithckad on
another amet he soundi ng PPDU i s aggregated with another

franme. 11. The STA of claim 7 wherein the request
frame includes a request identity nunber field that

i ndi gat esri $EA lb?%ialﬂndﬁ%blte i @B&lﬁdln%?’PDTﬁfé agg gg{ed with

claim7 wherein the request rame 1 nclfudes a nse

anptheefrpmki cy field to indicate whether the soundi ng
PPDU is to be received imediately or within a
predeterm ned tine period.

11.  The STA of claim 7 wherein the request frame includes a request

identity number field that indicates a request identity number.

12.  The STA of claim 7 wherein the request frame includes a response
time policy field to indicate whether the sounding PPDU is to be received

immediately or within a predetermined time period.

13. A method for a frame exchange between communication entities, the
method comprising:

receiving a request frame that indicates a sounding parameter; and

transmitting a sounding physical layer protocol data unit (PPDU) in response
to the request frame to enable a multiple input multiple output (MIMO) channel

estimation without transmitting a separate acknowledgement (ACK) frame.
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13. A nmethod for a frane exchange between

communi cation entities, the nethod conprising:
receiving a request franme that indicates a sounding
paraneter; and transmitting a soundi ng physical |ayer
protocol data unit (PPDU) in response to the request
frame to enable a nultiple input nultiple output

(M M) channel estimation without transmtting a

separ ate acknow edgenent (ACK) frame. -25 14. The )
met ht#l of The aiethoti3ofitaineil h wheeeins shmsiivngineARPYgs transmitted

transmtted .wWthin.a inter-f spaci ng (SIFS)
bl aordf e e Aaine (S ot B Kl TP o 1 1

wherei n the soundi ng PPDU i s piggybacked on another

frame. 16. The nethod of claim 13 wherein_the soundjn

PPDULS.s aghe mgtiod®f aiitnl 3aybermiay the seuypding FPDYHs Pfﬂ@’h@‘g‘ed

0 i[fQ &3 wherein the request frame includes a
0?%%%%%t identity nunber field to indicate a request

identity nunber. 18. The nethod of claim 13 wherein
the request frane includes response fti licy
fiel #0-t haths method: %fsclmﬂ%éhfahef% tﬁ%ﬁﬁ%’d’ﬂﬁ@%@ﬁ is Fggregated
' diately or wwthin a predeterm ned tine
wﬁﬁaﬁ@tﬁ&rfiééﬂye

peri A station (STA) for frame exchange between
communi cation entities, the STA conprising: a

receiyer configure 0 recej ve g request. frame that

i ndi @lxt o T wsthvgial 5_13"3556%?8?311%1&?%“ _%lﬁiag}?slm%sra request
ideRy aHRAREIR t6 LRAGHE 4 r@us? idkifoniiee! cal | ayer
protocol data unit (PP in résponse to the request
frame to enable a multiple input nmultiple output

(M channel estimation wthout transmtti a.

Separbt o THORBIRLACHET Cactieron e Ot i actyges o
reSpSHsBNiAR pYNRY Fel thaeindicafs RitetiRE theSsotadihp PPDAM sliculd be sent

transmt the sounding PPDU within a short inter-frane

ingpediptaly qrSYif) a predeteamingd bisag perfodane. - 26

19. A station (STA) for frame exchange between communication entities,
the STA comprising:

a receiver configured to receive a request frame that indicates a sounding
parameter; and

a transmitter configured to transmit a sounding physical layer protocol data
unit (PPDU) in response to the request frame to enable a multiple input multiple
output (MIMO) channel estimation without transmitting a separate

acknowledgement (ACK) frame.

20. The STA of claim 19 wherein the transmitter is configured to
transmit the sounding PPDU within a short inter-frame spacing (SIFS) of the request

frame.
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21. The STA of claim 19 wherein the sounding PPDU is
pi ggybacked on another frame. 22. The STA of claim 19
wherei n the sounding PPDU i s aggregated with another
frame. 23. The STA of claim 19 wherein the request
frame includes a request identity nunber field to
indicate a request identity nunber. 24. The STA of
claim19 wherein the request frane includes a response

time_policy field tq indicate ether th ransmiter
shoulh t r &he T4 q fieaigol hyhergin tﬁg e%{Jé? ylg&?/gacied on

adh g Predeterm ned tine period. -27

22.  The STA of claim 19 wherein the sounding PPDU is aggregated with

another frame.

23.  The STA of claim 19 wherein the request frame includes a request

identity number field to indicate a request identity number.

24.  The STA of claim 19 wherein the request frame includes a response
time policy field to indicate whether the transmitter should transmit the sounding

PPDU immediately or within a predetermined time period.
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