SVMALL MOLECULE PRI NTI NG Rel ated Applications 10001]

The present application clains priority under 35
w0.28)708168319(e) to U. S. provisional patent applPCTASR@®M000027

USSN 60/ 755, 946, filed January 3, 2006, which is

i ncorporated herein by reference. CGovernnent Support

[ 0002] The work described herein was supported, in

part by grants fromthe National Institutes of Health

Wica SRS N P

(20XS139A, NA -CO 12400). The United States government
may have certain rights in the invention. Background
[06021 he | nvention [ OGIELD URINVENTION t 0 identify smal |

cul e ands, f.or onnl.ecu of
BT e The SEpsche e gBh et Reiffes o ReEn Tobr e
rebwarks GVLAN s)oMompm'iacMalﬂm enhamnesa;peiratlon of $As in multiple

eye veI uticals. Natural products

é% <£$B§Sc ve?ggs rri%%igented synthesis (DOS) and
conbinatorial chenistry constitute a rich pool of

| nol ecul es from whi RP%Rﬁﬁh ic ligands to
[gg%¢eins or bionDIecurgéeo intééest may be found
[PGBhr ei bE&mrrentiymiarionyiprepashle gre hefng preseotedgndidiseussed fohe
tH686d. Pin &%UEE t&ﬁfe-sog*if fz@ Rhndag8) mﬂ WitdalR f@ﬁngher
I ncorporated herein erence n particular, th
thrawghputr YN | davices. ‘These t prpprspls Seomgt &gre yations ereless
&M&W@iﬁé helt Fﬁigrl&?e EWCaﬂle Joftt Perosﬁeethd wWRLSE er Iﬂa f¥cwin

Lam ef al, Nature 1991, 354, 82: eac

(’@FCYWIQ? eweF@ Of i'%ixseé? p@?%@bdeh&réitntwrﬁ%p‘éwé%@n and t he

| op ’ SdrR®l fr
[5?\%&;“ eg@ggturgi ]ﬁﬂ\i%a‘médr% seﬂgqmggsi)ggafs@%gm@m 1Rl frame

aeleBn s S Piidietindant, Theregnumadyross At G tos TS &omsis
Opie€ fioth FhE PALSMItE HRAdFRY (BO! fiddd Bf Ghe HBinbdiately previous

oduct - 1i k d d

e s B o Rl A ok e
id 21% vadbébtainbd® ﬁgﬁ%amehtﬁarfmdbfbye ﬁ&ﬁlédlmlgebrevﬂﬁwﬁ'f?

| raries i‘OVI e arilc ou ecu S or. e

o, i tHR i el keS8 5, Ot PR G B shPhmials
fedme syaping(SEFS) intearad, If tHee:ah:uhltérh:ﬂm‘atlbg/ imefudes$ f ifiickdetal
isarandy R Bl RabAtlet B AR SR REG B BEaT o nsi vol y
{0807 he Oﬂ‘hb €a8 fhinediendna abaays fdllam ﬁT&frame ahdarriiedin
%9%32 1Te st nqa:l‘& {seh@&noigglé?&@ éjanrl% tﬁla EI‘SQ)."I' fﬁ"a%%%&) éAn
approp r at e agged protern o 1S i Ked
drideuded bion rsyttargdtligehidsvock Hblocagion gvepagn@izw)l fog A laireé
1;3 SEAUSIEL Y a%gr%& {oh 'toetgné%’ Vé’he‘ﬁ%@ﬂ‘i‘ﬁ ﬁﬁh{é ingentAari% theirst

uor escence- based assay oor
f5oge bylthe énitiatheg station ofien Rre:hame the CTS maXpe adiresped Batself

; | are et ah, J. Am Chem Soc.
ajngggref%%h toiﬁ%é)i[?toggﬂgh of which_is incorporated herein
(80081 ef er Higuag 2 shesn EentertiondiresBad (FE-End)frasme, which is a
MRBCORE frante thit inaigbé &flt Bink @ o3 W(Lad@mbeqr) reset the
proteins that can be screened efficiently. In
principle, the beads can he stripped of one protein
and re-probed with another; however, this serial
process is slowand |limted to only a few iterations.
In order to identify a specific small nolecule |Iigand
for every protein in a cell, tissue, or organism
hi gh-t hroughput assays that enabl e each conpound to be
screened agai nst many different proteins in a paralle
fashion are required. Although Brown et al. (U S
Patent 5, 807,522; incorporated herein by reference)
have devel oped an apparatus and a nethod for formng
hi gh density arrays of biol ogical macrornol ecul es for
| arge scal e hybridi zati on assays in numerous genetic
applications including genetic and phy3|cal napping




i gands of human 1gG J. Conb. Chem 2004; 6(6):862-8;

Koehl er et al. Discovery of an inhibitor of a
woOnRrenTastdspt i on factor using small nol ecul e m cPOBUSA03/000027

and diversity-oriented synthesis. J. Am Chem Soc.

2003; 125(28):8420-1; Kuruvilla et al. D ssecting

NHWEGR AR sBitBAsid ul@gy.wbﬁnmnquy @éseHibot iArthe BOB U1 SIMAAA]S AS
and snmal | nol ecul e microarrays. Nature

steile{t sessynegs SF-Einddzame with fR¢ basiq SrTifR st 8’35‘5@%’&» wEHRS n
BB, toSfHE¢HARE Sthtiod 1 a8¥UeRtSAVEL =h&Gls NV Wil1LORD. This resets

conpounds are robotlcally a{rayed ont% functlonallzed

agy wediug Rrpigetianieseryatign suirenty existing. bp Duration feldds sff ton
0PASERIWASH Gigudé 2)1ihk BBID Ss mfe a'd&ie@é’ 6he swmbﬂardeayn the

ABFIREIIER 16 67 Brbas i B e, TR ol 0GRS ARk

sétfden@. f | uorescently Iabeled anti bodi es and a standard

T rERAPE By PeRoRIORe e o= Bron el Ph R

Rdagsiusing adiffergat ItHyaicaM@yﬁr CPIéYi)ahécﬁdattm selgenectham thad ised

rese in |ncreaS| onpl ex
SRRl A Db AR dhobefin Hifhe BT Rafit
SHAg I’lbralhsnmtj gilnp utecémts Iusmg Spaded®imid Bjock nﬁbde RBTRCUPEY

n%ﬁ{lfaﬁgﬁ %v})feQeaF] N o%] al e K?%I&g%k %‘fdjx!&»ae?ve Jsmgv enr%g I%%EI d,

Pey medulalt@ncoupl ing r eact i ons have been used to
I&Qb‘@h@ﬂobé/sa%%ﬂ%ﬁﬁu%oﬁ ¥J‘édi91]tlh ag)gpq%ﬁ‘ﬂ%e&%gd 18} A58P to
surtaces and prepare snmal € m croarrays.
subpon ratyorked SiAs nperiating indedwal Modhaeiere thti twiogmodes are
Mﬁ%ﬁ&ﬂke@ﬁxd%ow@f Rgﬁéen gec%ﬂ@'c{xjy bARbLE Q.H{i PuaPeTS method

m croarrays and etectlng proteln smal ecul e
toggther are wseﬁéo apppit Jisdendgd Rapge igradditiogde Nomg@lgRange A

sderida Z'gﬁgacg&grs thdnSmitRANVGEE a SecSAArPShcod BIS4EHh thi K@J@p@fo
30, 2004; U.S. patent application USSN 10/998, 8

let statipnsidperiient E@ tapgrs beasptiransissions time (FBEE) @Ugéﬁs 9

bitoBie B ofRA0%: 1A% OIS Whioh StATLEALAN ATEOPRAN

by reference), _addition primary al cohol to_ a
R&ﬁ directed a&rhha AT, ﬁ@fig%ﬁrf*&% FFéPor@ts viith aéifﬁ'f pagrsecerd GIS
séﬁlaeatﬁ@llsy @y&?t c@ﬁﬁtéﬂ'f&ﬁtﬁ;mﬂﬁﬁt&cﬂﬁﬁ@fpaﬁﬂg (I&FSEWHeﬁlﬂprCTS |
al C (0] n S nmo | ass | des. .
PIgige 'ejasmcb?@ong%‘ggh “Ewoffghéf@@; Bens Tﬁg Cdtn
ahy ndrﬁiS’E}B@ﬂTXOPs wcthaasn‘emMS ey !ﬁ‘oﬂéﬁﬁbn&’fﬁﬁbsﬁﬁaﬂfc det £Nal/ I
nol.s L NEeSA e | t he na
0 B R ST 0ol ot sl B P B

frdies if\the Dualf CTROp@tection bib (hdet. Ndn-SEBC contvdh freiies SHdibe

ol i drfiee RIS b0 ki fo Sepdrate. e 4R Db or vy

SWBEHﬂ§hed as US 2003/ 0215876 on Novenber 20, 2003;

DA i d b ARG RIS o8 BREAERler,
dgqmgant @ the jedf-managed EtendedRappepretection. Emmﬁthseqmgsdmg
fogqggl méh%ﬁ'o[’c&)tmn %%Aﬁggx?e (NCR:)%H gﬁt@'{\c&o rgﬁé:eQER) Qth ns

erence reaction useman et

a@ﬁﬁb@hﬁzwil geanenogy 30135 relate ta onhanged distributes) eaordipaion

bi ndi ng and enzymatic nodgfication. Chem Biol 2002,
9(4):443-54; incorporated herein by reference), a

St audi nger |igation of azides onto phosphane-nodified
slides (Kohn et al. Staudinger ligation: a new

i mobi lization strategy for the preparation of
smal | nol ecul e arrays. Angew Chem Int Ed Engl 2003;
42(47):5830-4; incorporated herein by reference), and
capture of hydrazi de-1inked conmpounds onto

epoxi defunctionalized gl ass and vice-versa (Lee et al.
Facil e preparation of carbohydrate m croarrays by
site-specific, covalent imobilization of unnodified
car bohydrates on hydrazi de-coated gl ass slides. Og.
Lett. 2005 7(19) 4269 72 Lee et aI Fabrlcatlon of

- I—IIZ

- .



Engl 2003; 42(21):2376-9; Hergenrother et al. Snall
nol ecul e m croarrays: coval ent attachnent and
weceoEasiasg of al cohol - containing small nol ecul @6TMWS2007/000027
glass slides. J. Am Chem Soc. 2000; 122: 7849- 50;
Koehler et al. Discovery of an inhibitor of a

i8OS WCMchAhef £64s0 (ED’@A)’!&d%iB'ai seﬁﬁéxﬁ:@ Hd)@reIHtsz ) § HO%V S
and diversity-oriented synthesis.

cq@wéledmgbacs@@i%m el "&e%wre%ctswcfwtbetf&s@é
ah@ BRI STANsif lgﬂa@agqe)enceE’BeyB@yfesﬁéeamacﬂhew@mpmms

warr ant ed the use of Sep arate m croarrays
itg dfu R signpleaepse P é sigpal ssqlpﬂnr:?rﬁ}rfnalle’oﬂa ST is
?ﬁ‘@sléﬁted bgkd&hm sef@dnky/304\Bnd GRS & l@géc?‘NR'S*PA HoBpresEs

rom nat ur al ﬁr ces,. not necessarl ear| N rrnary

by pigpplseueyre %ﬂ%"e B Fignalseanrnce 315, ek, tsaghiduirahs n

su‘hesmgmm& foamst AB\QYUV@MS&M aitiRgh ea'sﬁﬂﬁetspmu tdhn
|za i on of, sever

l.ow i n fu [l I
AP i PRAEHGr SaHP S e HoRt A-SPHT Rotec i T
tIRORTE) oh d ©TS[t0961Pdignl) én fHea@sdidlotlied Vi thetofhiORTS 8 ding
stem for the high-throughput screening of conmpounds
SV%? %t he identification of desirable properties or
[dnier act Figar. 4 bliows Pphet 1T adoreidtioni ddeidnt acdvedipg es et
' tion vid st faci |tat
WS robasd Bitenfen Rafies o The i bl itk th ABopmption o
elefnentitia m&mhgeax;pnmﬁhhnea sudhi aabegfion Arolresmied €c.itb manbge
tI nﬁsé gf%r exam 18 ril,(? sg 5 oxe'tcﬁxte ecdoﬁPn L h%qlel r O‘V dgtgon
¥ﬁ1 SR8 "AR"E rray. of for € o han ohe ype 0
elehxentsoaay aismpqmwdst iatalldetwds tud probotespbnsesipaurstoitied ng
rei.d a
» SRR IR ThL Moot ROl SRR Shfhin ERUESRORM
Seonflmysbea&@n chpbtsé‘Bﬁé@TS: rRoteciion| ebes tas 130 nsipoFiguped.
A dm o ht t s e is fix th d
8&52 QE { %%%1 %90%9 aﬁm’l&? B 1sGIBP fix an%t L 638 8e 5:\1,9 Y

er as&q‘ect a mposition IS

ﬂpﬁrmbﬁe @f figld thabarsrinaededaThy figldy ghall beﬁn theerder apshevn
irk F‘i%ﬁ?e 4’fvv1{i:°el'1‘1 Qzlebvgﬁﬁfsrab eIt G exfQFRRMAET 3 e RENGE, T O

l'ass or %I’TEF sug) port "usi ng |socyanat echem stry,

ﬁ@ﬁépekwwm'@ tbl‘e 54 shalbbe igheredr r ay of conpounds

[0DQBPT | SeKecatdidge 85 tthd UdhtS PRIpSsa? esfpeéiﬁgatmh N agld the EWC
particularly preferred enbo chem ¢

spesHisatiopy dolloming,#xs- seeﬁtqeﬁméwaﬁ aelﬁtsﬂ 19 Pgtj%%%vecMthlnPoﬂ
(FEENIP e At ufdTROPUWER Bhve MUREPAN@EMID ks LADFHMEShaE ot |

nol ecul es. I n cgrt ai_n_enbodi nents, _the chem ca

‘E}fﬁ:ﬁ}ﬂﬁﬁlﬂ&’st be used by the ISMP transmitter and RSMP zecgivers. The time
sEnEh oM bBgiRé BamdditelyREPEeqdént EOIHR OrdRSiGisSbLofThe®SMP frafie.

Adtrkorsriin 0L s perind sfnd fegtea e YR frame

whinhiie ifteisled tebaiided €drate tedepthonr & Blainfds by PEMP retdiveasighh a

P BP9 e RN Rar Ry BRI, BRPRQrhch

isintendbd tb Beausedfor shepipansimissich dfifmnes bg WArEMB receiver.

hi ocy.anat S ort. a partigcul ar

038 i nobeore Rand SRl RS PR Bleient e g Richudile
ttshhleﬂ?é&@NKA& sgaeqlﬁgitmss Figlurefeshows 8PSYIR peramstec yak fiactoat or

I sot hi ocyanate chem stry gliscussed herein. In general,
the inventive arrays are generated by: (1) providing a
solid support, wherein said solid support is
functionalized with an i socyanate or isothiocyanate
noi ety capable of interacting with a variety of
functional groups to forma coval ent attachnent; (2)
provi di ng one or nore solutions of one or nore types
of conpounds to be attached to the solid support; (3)
delivering said one or nore types of conmpounds to the
functionalized solid support; and (4) exposing the
spotted support to a nucleophile (e.g., pyridine
vapor), whereby an array of conpounds coval ently
attached to the support |s generated (Flgure 2) In

. . o o o o s N Y




[0012] In another aspect, conmpounds are attached to a
solid support using isothiocyanate chem stry as shown
woebarwsiesker ei n Support is a solid support suchCags007/000027
gl ass surface, glass slide, polyneric support, plastic
support, metal support, etc. ; L is a substituted or

wHith4he PEMIH 8 Qf tﬁé@%ﬁ;ﬁ@M%aé&ﬂﬁﬁ@R&hﬁﬁ‘ra&!%h Cor4dcast
acyclic aliphatic or het

eroaliphatic,Iinkerﬁie.g.
addsespdiRg | ChePEMP Rrameler st is pesdye despribe the Plak gad ULT
whiet2immedidiély- Bllows (H2PEMPHZame SFigude 6 Bhbws B ST QAR
.between 1 and 12, inclusive; Xis N_ .S or O and Ris
inferanatioa flement fosmpisistails speh avd raffic Ao dDy A Fb DLY)offget
aBdi@@@tibn, ULE offdeb kiD@urbGocr €at ed by reacting a conpound

i,th an activated syrf of formul a; wherei nd
i ort Btrey b ehtiisoita CUND Semeno warisHAE ob ok, phate
fo@]ﬂi@&ﬁb}gﬁ rmsj:l _ pmamwﬁdﬂﬁamleclﬁzk?mmm A s @seg ®d scid BIgROr t
u a e as shown bel ow wherein Support is a
Aggﬁgﬂgﬁﬁﬂﬂ%iﬂggﬁ@h as a glass surface, glass slide,
[Q0asly ner | & mead erists, topéxaedd a8 diappoide , protettédn BUHPELting
et.C. . isS a.suhstituted or unsubstituted,, brangched
miiele ot ferficit AR} etk Sl bt BB api thffens H.A060S
ubrgecbaatdepitatioes hatnfevidé ea gnechpaikmetdyéeover gy mohised

RS RE e DI RRIY SAROP M Rtion Bletecied BY U juat o1,
tlian@hissibn-eUnd?ri the prrét ot shenmendf e STA menscdwé of datla to
QAR B etebd REOP NG thohfih & Yo fla R RROHebaildlr of
therlX Qi r A asgskexiists toprovidecMARtsignaling td rehingrigh/ihd eemaining

uhSRENXEH & theBGidnpnal i zed solid support. In certain
nbodi ments, t’he functional group on the solid support

e
[00d6lof t h& meed plap existp & EhePIMB sequenpastogpereats ig agulip

moHE sAtn B ARDARHEL S Gent MatDer. Thé 86.11RAbCIRESh BHRARR T
_plastic support, nmetal support, etc. ;

Lis a
incopsdgtencigs sithyesnesito pewing prly Bidn Us and e datarad,
ufsehbdllePPSMPYAL, Cheté s RO pliidsn@ForRRIBAIRAl JFPREP Lsddr dRKET

RN A T

an integer between 1 and 12, inclusive. In certain
odinments, L is ; and ' [ 0015] In another
[@g@ect, the present | nvﬁﬂﬂl@?‘l&gr ovi des an
[00381t hi ocA fifsd preférrddeibodialent 3G Bathodlatl iy tetotfor eiktending
certai odi ne t.he fupctional .gr n the solid
a SRS STPE 0P PRETRS RiR o e B Re B sy PAR S8 67
e pateralsmahipbs modagserstiont Acsscoml pefersddi enhodindng ieni C
Qrt,..plastic, SUPDOKt tal suppori, .etc. ; S a
L i o e e Ty B

or unsu unbranc
mogednecatim, mpacticudaraheghhnising taosuppet emodtinlo®BEnd (eacinker

I e I
=t and Ol Gb B W Bt EBRE B BN e A,
topgnaplet ef@ent beddivae ntilizagion vilfich alse hpplies éo a bingleanddgian a
tSARQEEdTR R Sd plefdriedenfdBiintint & abneth sygt@mfmgmgcmg
aspect, the present invention provides nethods for
PEMP| segnenges inaawtiplermpgs opgatiorent i fy smal | nol ecul e
partners for biological nacronol ecules (e.g.,
proteins, peptides, polynucleotides) of interest
conprising: (1) providing an array of one or nore
types of conpounds (e.g., nore preferably, smal
nol ecul es), wherein the array has a density conprising
at | east 1000 spots per cnR; (2) contacting the array
with one or nore types of biological nmacronol ecul es of
interest; and (3) determining the interaction of
speci fic small nol ecul e-bi ol ogi cal macronol ecul e
partners. In preferred enbodi nents, the biologica
macronol ecul es of interest conprise a collection of
one or nore proteins or peptides. In particularly
preferred enbodi nents, the biological nmacronol ecul es

a g, o o o o g, o o o



functional groups. As will be appreciated by one of
ordinary skill in the art, "aliphatic" is intended
woeowiogids® i ncl ude, but is not limted to, alkptT/US2007/000027
al kenyl , al kynyl, cycl oal kyl, cycl oal kenyl, and
cycloalkynyl noi eti es. Thus, as used herein, the term

"al kyl"™ includes straight, branched and cyclic al kyl
ups. An anal ogous convention %Eﬁlles to ot her
GUREr i ¢ 1 or nBPIEE DERGRIBTIGN OF TH and t he

[bo%eﬁ FUAH&E& a@ai@ed tﬁaez‘dﬁﬁ&mEGﬂ’tﬁé ﬁweﬁtﬂﬁnﬁ@ﬂﬁ&adﬂ'bﬂﬁ%e,
a en

ynyl " he nco
rafied deEiRtioRA BT aTBEn, EER Y VAR DAs PRI to
R Ha@eHstHBd i conffctiGe@ith Qlieﬁdoﬁompdn@i/ﬁgr drawifig(s) whereitsed t o

] cate_t hos IkyI cyglic,..a ' .
AT Srlaee Gt o1 RS ~ispifes BnS Y Panarras)
[hm; ng 1¥fpuear b;hﬁwﬁh(ﬂFSEnc[ ﬂ@ﬁﬁ]foﬂmat(mcm'éing to the 802.11
Eg ments, the al kyl, al kenyl, and al kynyl groups
Wﬁﬁﬁaed in the invention contain 1-20 aliphatic

[ogasbon aFipue 3|showeat sigraliag hitagramifor selbmbsaget egteatléd/| |

al ken and rQups enpl oyed in the invention

BB R é%{'t?btionﬁfw %n‘étw‘g é(%“lz‘jlr bon atons. In yet other

[eoeaddi neRigure dhshowk kay managdekeny franent T ainfoymationy elemest

fe oned in the invention contain 1-8 aliphatic carbon
In still other enbodi nents, the al kyl, al kenyl,

[atmﬁ] al ky Bigurgb ey ae?ﬁMBy)emniaﬁeItShefomm ntion contain

0P 3} iy P p EECRAESP R TRD 1*‘5’?%8%@*%%’%%%@#?? Che

[PRR7ENt i oRigwwe (7aghews the PEMBoFeqnensawonsistingsefy a Pl cphase
thus include, but are not limted to,

éﬁﬁﬂ%xg e BHBBt%hyl ethyl, npropyl, isopropy

189281 opr g%yaure 8 ghoyrscarcexgppkasy Wirelesh AN opprajing ihmylfinle

sk butyl, |sobutyl tert-butyl, cyclobutyl

- CH2- cy ¢l obut pentyl , sec-pent |sopﬂﬂﬁgk,

P3N pe nt ¥ Fg“r%§éil6‘ﬁ%ﬁ pymary @*’1}2"%5’ %‘@}ﬂ g peco §Acon

ﬁﬁﬁathﬁwﬁeluayﬂrﬁﬁﬁwuhd sedoRiY BLBR XY felB) eti es and the
e, Wwhich aln may bear o e or gﬁ{e sub t|t entg.

[AP% nyl aﬂ%ﬁﬁ Ojshevg, aénafw&?m et B s

Breadtthes mﬂhb@bﬁmax@faﬁﬂ géphdarp lbbzﬁ:ﬁ_r)l Ds;

- met hyl - 2- but d th t
98y Siemps T o g prodhrgeit ot P 5EE pdkdetfe
!ﬂﬂh&ﬁyhsp&nﬂwﬂm&m&hmﬂpropargyl) 1-propynyl, and the

Al | OB S0bi £ 888 g PR Ao

ﬁﬁ@@ﬁﬂﬂﬂntl-llgand bi ndi ng pair. The antl-llgand may

B8, or HATRAS shfielt Sk dedlwBhi0Elot AFAPURRGE Bror

U6 0Ad" : The tern1 ‘conpound” or "chem cal conpound”
@6343860' e A 08 (tﬁangﬁn@s@ftaq&{l@tnl[ dofarf SIPAIALSE
ni ¢ _conpoun neta transitional netal
eanvpd EXOF; and snall mol ecul es. In certain preferred
(T?ﬁd' e igur ?HQEHM%' fEhd ﬁmnﬁss@oneséahéﬂéeafafnrmetéaﬁng
nition o ounds. In other preferred
ﬁﬂﬁn&ﬁngucleotldes and peptides are excluded
fron1the definition of cormpounds. In a particularly
preferred enbodi nent, the term compounds refers
tosmal | nolecules (e.g., preferably, non-peptidic and
non- ol i goneric) and excl udes pepti des,
pol ynucl eoti des, transition netal conplexes, netals,
and organonetal lic conpounds. [0022] "Cyclic": The
term"cyclic", as used herein, refers to an aromatic
or nonaromatic ring system The ring system nmay be
nonocyclic or polycyclic {e.g., bicyclic, tricyclic,
etc.). The rings may include only carbon atons, or the
rings may include nultiple (e.g., one, two, three
four, five, etc.) heteroatons such as N, O P, or S
In a polycycllc r|ng system the rlngs nay be attached

o, o




regions, preferably spots of small nol ecul e conpounds,
having a density of discrete regions of at |east about
waQo/osms3 [ 0026] "Natural Product-Li ke Conpourdit/us2®7/000027
used herein, the term"natural product-Ilike conpound”
refers to conpounds that are simlar to conpl ex
[GWG}J ral Pifgﬁicwl@sﬁo%@a ﬁerE ataﬂms&iassquéne@&fad STAreleging
evo t hese conpounds contain one or
WHW%?%&@?%%@%%? hlgh density and diversity of
[0087Et | ONPightey17 samis a reliltiple Skods PSR frane sdquahees Wi t h
in one structure. In this context, diversity of
functionality can be defined as varying the topol ogy,
[0033] BETALED, DESCRIRTION OF THE PREFERREID EMQDIMENTS

tivi a fe of, 1.he fu } on ups
FEBEent Htrerfte’ Bisdrminiile bt on STA} BRePbR D,
b et to @neilréless’ trar&mltdfeedwh&me (WIRUam @eeé@nmhbryb (bE),uas ed

t g.defi.ne nol ecul e th (otely tains I ree
bSO, £ Rt R mORLS ket SPE e df Eo iRt
pesondli digital Bhdstent (RNAD! acahpwhn oneneoethet typs ofraser devwe
? aq)ltcgfgﬁe% * ﬁe&'\gﬁglegs}h%v{rwgﬁl Wileﬁgmm%ere r, the
B yg em nr scent I'ex nat ur al prog
terminblegy tlaey stetion! riméumtb@pemot iligitadyton t¥pda-B, a s1te

SR RSP LSRR g A0 P Sl
oﬁw@ngiurngwmlesm@vmoemm i nvention, a "peptide"
[P!ISJEEH Seﬁe?ea ke foth@BmEHb C%s %ﬁﬁéscﬁbﬁ‘x Eh&HvERAE Halde” is

ed to et pepti eptide may refer to

used ity aefor ﬂre ﬁ@sﬁcd@tmrkah%meb@t r@nMéP beysti veed for

c'oﬂ%ﬁﬂic'aﬁ@n ﬂfsmshg%‘i"orpﬁﬁ Rledftlon) SRALAI the PHY 1298E, Whatinel
am no acid gh non- nat ural am nQ CIdS (i

intsripe r?bémtell ahanéW tle-ge 29r Mz yexpusr 40 A=) and Pii%ﬁ‘Fab e

coRERMRALIM BithrnBE qt @hma ¥ORFbA it STAL T di#FHNO inodsd M8y
aC|d analogs as are known in the art may alternatjvely

nob tupipallyy eppraty efficieptly togethsy i g B3RS, é’°‘éﬁ¥?5?o areg; yolesy,
@RtrbibieiHd ¥R tdedat by MA@YayBE lﬂmﬁdrfiér@éj  THeOfre% 8 iileRtioly

the addition of _.a che ch as
r@!ﬁ‘iﬁ‘éﬁ%’ﬂ‘éﬁig &Pewst i’ﬁﬁgv é?‘@gﬁ ﬁ?‘ﬁiefggﬁwem
Q? ,m?lés(rﬁ@%&hm&ié)ugfh?@@meaovfeﬁﬁgbyirml d group, a
er { copj.ugati on unct.i tion,.or o
ST caiased iR anGhomp AR O LB ritei ar A Sha
a BTAD eputﬁhﬁgnin deModeHobgemttnheaﬁd dSTA2 opkraginglin laclbded?

f
(PR o SR TP St BB g S are 4SO ITRE Bk
dfftyvmm‘bd@e Modeah asi dodecy tHavaver, tbnf pnhsenat invention may be
gg%éx ng%aﬁﬁe)mod% R L esda%ﬂi%qaﬁﬁeéeg B&ond i,

e0s] dé" ana
w%ﬁh no ad‘bn trllowing di.‘sqribes)ithhe;anr@ﬁerred emh@%mmts of the present

l§¥%?h§¥%f¥1{s§s %'erg&go@%rm‘:s& f@xlde‘?ﬂ?/?c?l.gﬁa spec1ﬁc éspace time
WHodkwyding QTBCQ mnoresmma ipeRatiomin %Wé-ﬁblwwﬁemﬁ@a
&7}&3 egfgh&gf Uit $hdae mg&%ﬁbﬁ) OpRY deindemiorintERt (V4 m¥ttodahe.

- zaadenosi ne deazaguanosi ne, 8- oxoadenosi ne,
QS@WO@Fa piBg @e qucg%ﬁpqqgamglﬁa ip_multiple mode
thi ocytidine), chem callyenodified bases, biologically
nodi fi ed bases (e.g., nethylated bases), intercal ated
bases, nodified sugars (e.g., 2'-fluororibose, ribose,
2' -deoxyri bose, arabinose, and hexose), or nodified
phosphat e groups (e.g., phosphorothi oates and
5'-N-phosphoram dite |inkages). [0029] " Smal

Mol ecul e": As used herein, the term"small nol ecul e"
refers to a non-peptidic, non-oligoneric organic
conmpound either synthesized in the |aboratory or found
in nature. Small nol ecules, as used herein, can refer
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FI ag- FKBP12 overexpressing cellular |lysates. (a)
Recogni tion of an anal og of AP 1497 printed through a
primary am ne, (b) Recognition of the natural product
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may be purified or partially purified. Additionally,
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or nore solutions of the sane or different chem ca
conpounds to the solid support; and (4) exposing the
printed support to a nucleophile (e.g., pyridine
vapor) that catal yzes the coval ent capture of the
smal|l nol ecul es onto the support, whereby an array of
conmpounds is generated and the array has a density of
at | east 1000 spots per cnR. [0047] As one of ordinary
skill in the art will realize, although any desired
chem cal conpound capabl e of form ng an attachment
with the solid support may be utilized, it is
partlcularly preferred that natural product-like




mllion library nenbers. As an exanple, a solid

support bound scaffold can be divided into n vessels,
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to be reacted with the support bound scaffold. After

reaction, the contents fromn vessels are conbi ned and
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of ordinary skill in the art, however, that the
current invention is not linmted to the delivery of 1
nL vol unes of solution and that alternative neans of
delivery can be used that are capable of delivering
picoliter or smaller volunes. Hence, in addition to a
hi gh precision array robot (e.g., OmiGid(r) 100
M croarrayer (CGenom c Solutions)), other neans for
delivering the conpounds can be used, including, but
not limted to, ink jet printers, piezoelectric
printers, and small volune pipetting robots. [0051] As
di scussed, each conpound contains a conmon functiona
group that nedlates attachnent to a support surface
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wherein support is a solid support such as a gl ass

surface, glass slide, polyneric support, plastic
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unsubstituted, branched or unbranched, cyclic or
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certain enbodinents, nis Bl In certain enbodi nents,
the linkage is of the formul a: wherei nsupport is a
solid support such as a glass surface, glass slide,
pol ymeri c support, plastic support, netal support,
etc. ; each occurrence of nis an integer between 1
and 20, inclusive; mis an integer between 1 and 20,
inclusive; Xis N, S, or O and Ris the chem ca
conpounds being attached to the solid support. In
certai n enbodi ments, each occurrence of n and mis an
i nteger between 1 and 10, inclusive. In certain
enbodi ments, the support is a glass slide. [0056] In
certain particular enbodi nents, the linkage is of the
fornula mhereln support |s a soI|d support such as a
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linker, -CH 2- - CH2CH 2- ; -CH 2CH2C H2- etc.); and
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atons in length, 10 to 301t ons in length, or 20 to 30
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atleast 2 atonms in length, at least 5 atons in |ength,
at least 10 atonms in length, or at |least 20 atons in
l ength. In certain enbodi.nents, the linker is a
cyclic. In other enbodi nents, the |inker conprises
cyclic noieties. In-certain enbodi nents, the |linker is
branched. I n other enbodinents, the linker is
unbranched. In certain enbodi nents, the |inker
conprises heteroatons including O N, or S. In certain
enbodi ments, the linker does not include heteroatomns.
In certain enbodi nents, the Iinker includes carbonyl,
ester, thloester an1de carbonate carbanDyI, or urea
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support is a solid support such a s a glass surface,
gl ass slide, polyneric support, plastic support, netal
weuppmsies3etc.; L is a substituted or unsubsti Paras2007/000027
branched or unbranched, cyclic o r acyclic aliphatic o
r heteroaliphatic |inker {e.g., polyethylene glyco
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shown above. one aspect, the present inventjon
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spacer, polyethylene |inker, -CH2- - CH2 -

- CH2CH2CH2-, etc.); and nlBs an integer between 1 and
12, inclusive. In certain enbodinents,. L is , wherein
mis an integer between 1 and 100, inclusive. In
certain enbodi nents, mis an integer between 1 and 50,
1 and 25, 1 and 20, or 1 and 10, inclusive. In certain
enbodi nrents, mis 1, 2, 3, 4, 5, 6, 7, 8 9, or 10. In
certain enbodinents, Lis . In certain enbodinents, n
is an integer between 1 and 100, inclusive. In certain
enbodi nents, n is an integer between 1 and 50, 1 and
25, 1 and 20, or 1 and 10, inclusive. In certain
enbodi nrents, nis 1, 2, 3, 4, 5 6, 7, 8, 9, or 10.
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provi des, in yet another aspect, a nethod for

identifying small nol ecule partners for biological
wourermswdsecul es of interest. The partners may BeT/US2007/000027

conmpounds that bind to particular macronol ecul es of

interest and are capable of activating or inhibiting
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chem cal conpounds may al so be useful in detecting

i nteracti ons between the conpounds and al ternate
wohewasssssf nol ecul es ot her than bi ol ogi cal PCT/US2007/000027

macr onol ecul es. For exanple, the arrays of the present

invention may al so be useful in the fields of
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Furthernore, w thout commercial availability of a

protein target of interest, investigators w thout
wexpErisiae i n protein biochem stry may be |im ped/usm07/000027

their capacity to screen SMMs. Here, we describe the

optim zation of a robust, efficient SVMM screening
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(Figure 6C). Transient transfection of cells in tissue
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and i Pr2NEt (20 mVM in DMF for at |east 4 h.
Inqdges were washed in DVF to remove excess coupllng
solution and incubated in a solution of 10% (v/vV)
pi perd.di nd mpthbi/fas fiwang ®f mh:tbocllmo'm 1-8nimewhick rachespegtive

renove. t up fr

S L O e
obspeQive(mdde) 1, 6- di i socyanat ohexane (Al drich) in DV
for 30 mn at roomtenperature. Three brief rinses in

THF a} | owrh @ meSiaRE BhBodi@8MVE in @hich Rfe altht Yéveld) Beacons
sol ution and fast dryjng g;%?a sli,des before

pransmikert is ientified PO ¥ # BYjBRTReatopdeihor bitina
Dege tiftbiighpat (Heinfoemafidh bmédtesept by tHenP ﬁﬁcbﬁfe&%malmng
rinted sljdes mgre al | owed.to dry fgr at st 18
(BEPIORE A BriesigRated 4) SegpRAagy, Heacossie h°8ﬁesff5’P
hefmeiivdhede. wer e pl aced into netal racks in a glass
vacuum desi ccator. A three-way adapter was attached to

the dgsicg A3hdhod AMILP?} SR GaihRAl 974 wherefh gé@&luwuehaaﬁi

and a roun ttom contal ni ng _approxi mat el y

cre jsientifiedhy a S@p@éamb@a@eéie@coabﬁrm a%a" wigml%@}e@eptﬁep‘y
eyageaped, the vacuumline was shut off and the

catal ytic pyridi ne vapor nornalized t he pressure for

at le st h. Th .th a

S0l uthon e meR R EnERamER ¢ ) RERR R Eroshe Tofoes s
rtyatxisdhtted Wwith a]tﬁnmffset with wefeacincd tioel tdme fedierenceThe sl i des
were washed twice in DVF f2k 30 mn, washed once in

et hanol for 30 mn, dried by centrifugation, and
stored at -20 C prior to screening. Slides were stored
up to 6 nonths using these conditions. [0099]
Diversity small-nolecule mcroarray preparation. Snmall
nol ecul es fromthe diversity set were arrayed onto

i socyanat e-functionalized gl ass slides using an

Omi Gid(r)100 Mcroarrayer (Genom c Sol utions)
outfitted with a Arraylt(tm Stealth 48-pin printhead
and SMP3 spotting pins (Tel eChem International, Inc.)
as described previously (Barnes-Seeman et al.
Expandi ng the functional group conpatibility of

smal | - nol ecul e nicroarrays dlscovery of novel

o P Y.



in acetonitrile and vacuumdried for three seconds
bet ween picking up sanples fromthe wells in an effort
wO0Qo0TiogiasB ze carryover contam nation of sanpl eBCTDS2007/000027
hundred arrays were printed in a given print run and
nore than 1,000 copies of the diversity mcroarray
have 7bee nI‘KHﬂlé\;hdeofteﬁle&ih@nt 6Jvhicl tieahé @ferbe iakied
g;lnt run involved scanning arrays prior to screening
ePEHATRYSFBR- t he presence or absence of various
fluor control features as well as screens to detect
sel edt ed Anevhodpsdt enynefleindadichentst6et, &ac whizh she {06 ofiie} is
[ itk i ed FKBP12- GST.

] B Gl SRS b £ 300 L of & 1 my/ L
sol ut| on of purified FKBP12- GST f(%Har din A
recept or 4 Brethodes ingrnebenbsineyshs ’PKéB%“iigtlﬁl“ﬁesetlsa

EonSiphiFablSsyBREI paltietoP BPhathicdI5URBAgEBle liaheAR. 1989
341(6244) : 758- %O Si eklﬁér ka et al. A cytosolic binding

protg g” "R, tﬁ d aé'EL“Qx%%Pé’mf?%%%Qtts S, §9whu§: fields in the
pept i “proTyte Febherase act I vitly “but ST1nct
fstrconﬂaa'y béagpin ate| identidalkto te ciﬁwpﬁdﬁﬁg 6dd=in the ﬁmﬁ'lpr)met)nof
' PBST
L AR A Ao o GELSGAEELod, POT

brlefly rinsed with PBST and then washed tw ce i n. PBST
(1 riln fBremaetberd dfgmhydmpntdl, ipmvdhdhe mrlticasane Sradaart

Q6tadysnnatied tah%ﬂ a' s%dﬁaaiye&awd R 136&idal tOthedmUltRastOdndL

g%lsgl on of % ni); | abel goat anti-GST antibody in
st flategent 4itex the pripamy Pat ure. Probed arrays

were rinsed in PBST, washed three times in PBST (2 mn

for dach Aasdihed anth avysiiedhbodicenisrb-BHE v(lichthe)secoddamyy s

| scanned for
lfg? g%%:@%%g&gga%%g}gwgﬁéﬁ% %nfbéﬁsl X 4000B m croarray

scanner. Control arrays were probed with the secondary

| abelléd ahimebRrfas ip gRY preceding crabodimpeny further eomurisig:

I abe|iﬁd3ic£&ﬁfgoﬂihir the andtivhid Yuppeits edlitipled odwagehyiont dhd

rimar ndar ant j.bodi es ta ensure that
Proieirid JBn g frameas,cpaatitie b o BIE TG BT eRaR! 1979,
bhﬁeclblbh bitesdntl byothe m» mimwmhpﬁﬂmmwaynaftﬁﬂwﬁeﬁt in
cont ai ni n a-3q (Figure 3b), total

et SEEWCE ﬁﬁltqgfﬁ(ﬁty val ues were calculated for a
set 300 mm di aneter centered over each feature using

GeneRidx PFhe weihod of emppdisnent AB.duefher eomprisingeach | i gand
at vagating a‘%fbrﬁgﬁ\ﬁgsfoﬁtogﬁg‘lﬁlrn_ @Tﬁ@?fﬂy@l@ ITA Rrith et to

(Figure 3C) 00101 nol ecul € m croarray
q#r(ﬂf&frweﬁrwtkﬂmw%a. nst natural products.

M croarrays printed with natural products and

bi oadi ve'Bhe/meiema pf etk aknidil 4 Huxthern @tt&)rﬁhigi bodies to

det t i f f ti

ot ep RS copep e HRE A efime et o s T REEE " e
foll ow n PBST buffer (control), a_1:500 solution of
r abbile- anThe BeHf S smEpdment iy i vdigh GerGRS FAmeses in

TorRi@fs thet detleSpbnafto frRREIpEtRR I odd, R @fihE AfHo@hlatibiPh link

antjiserumin PBST for 30 min at roomtenperature. The
5?‘\‘5&953 Were briefly rinsed with PBST and then washed
twice in PBST. Al arrays2gre then incubated with 300
mL of a 1:1000 solution of Alexa Fluor(r) 647
goat - ant i nrouse pol ycl onal secondary anti body in PBST
for 30 mn at roomtenperature. Probed arrays were
rinsed in PBST, washed three tinmes in PBST, and washed
once in PBS. Arrays were dried by centrifugation and
scanned for fluorescence at 635 nm Signal -to-noise
ratio was cal cul ated for each feature using adjusted
di aneters. [00102] Diversity mcroarray screens with
Fl ag- FKBP12 from | ysates. Routine culture of HEK-293T
cells was perforned i n DMVEM suppl enented with
penicillin/streptonycin and 10% fetal bovine serum
(FBS) Transf ectl on of HEK- 293T ceI I s vvlth a

o o . "




6. Tap to mx and incubate 15 m nutes at room

tenperature 7. Gently pipette | OQuL trasfection
woeerioscis3 dr opwi se around wel | 8. Incubate 36- 28ThS203/000027

at 370C 9. Monitor and record transfection efficiency

by EGFP [00104] Harvest of Transfected Cells 10.

Harvagt cHie methbe of doiliodindntt iL5) i nﬂﬁc}Pch CUsamainé Rtsetsds

B P E By o5 et a Seon 5+ eeno ok B B Echemo i

badressed®yo the peitihtiflg plapioh bé H CTOto-BESfrithe, bibler CRipIRg:

cells in 15 on tybes 15. Spin at |,000g and 4 0C
X 3 ﬁPﬁHFE?nF@5§%§§2%&%R%&B rnatant 17. Gently
resu saﬁhﬂg the (ABS o 1RIf fRiapaa bll windés extayp $n the niode bbing ased

I_nNes u washed cell suspension in
E‘ﬁgg%ﬁ%ﬁ %f%%‘%ﬂé’bﬂl at 1,000g and 4 OC x 3
mnutes 21. Carefully dlscard super nat ant maxi mal |y
22. Sfap Thecwsthod of pmbedimentdl7; in whichthe AF gendsgespgctive
Girsiig. o rufills Drouitive 18 £ARAQS] Prepar at i on of

Cel lul ar Lysates ThaM/ceII pellets on wet ice 25.

Prep PP L si,s . Bu ote nhi bi and
DTT %r ocHie mEthopat E%ﬁ’b‘ ‘# exeip %o‘e ‘{
BGS&eseEﬁanhnaubab&nﬁy ice for 15 m nutes 28. Spln at
14,0009 and 4 0C x 10 m nutes 29. Decant cleared
supenpat affle hethdE W eribddih&fl 1FPRERERR thd APSertfd re éﬁﬁtfh%r m

Bradf ord assay to assess protein concentration
RKdPuetelf frames) and thafrelative prégrhefethe 6T8:tp-9glf 9w 106
tertined Bafal i SAteiiBhd iDPbREAMaBodLEIRREALANS o8 BaseARR Y
cellular, lysate to slide surface (vol une determ ned. by
REpHyPssisned tagpdeshanber 1.4 nl b. Parafilmo0.3 nl c.
Coverslip 0.15 nL 33. Incubate at 4 0C x 1 hour 34.
Wash with chilled PBST - 3 x 1 mnute at 4 0C 35.
Appl pri 1000,.di.l uti BST %
BS A) gﬁnc Y g olg%le((ﬂ?]de oplerﬁtéon Ingn Iﬁsawhregs§ Ihetwor:l‘:
bhvihg enhltﬂB8$TAs Bperaﬁngnnrmﬂ@pmmdﬂe@ thag Bre dgfipleg by a STA's
9§g gyS | abel | ed anti body (1:1000 dilution in
BREPIZBESNECY 307 | ncubate at 4 0C x 1 hour 40 Vsh
wi t h acfist IS3d @Bﬁng- CBS-fo-Slinframescior gachimode 4f opeBatianf foy
ﬁﬂ(ﬂ:%.@e M’o@e@h&%@)ﬁ’ mgﬁmnwlé‘ fdlgt@xe ﬁkét @T§ of Bﬁ/e Rher %Q'Qoalfdp m

m nut . Scan vol ta (500) and

100%5%%& ap @@ﬂ@#ﬁam mtpss ﬂse %’f h@fmaT&@ mai}qztpé)ence
0313 ARINARNHisiiafa L 849 NaF STV 0. 08 g
(80mg). B-gl ycerophosphate 25nM 5. 48g. EGTA_2mM 0. 78g
EDT A Tokiafing e gemaindanoixba BEOB lsppesE R AT AmM Fr eoh
pH 7.2 PBST PBS + 0.1% Tween 20 Statistical Methods
Ten r2i2c: r dbher nytsho(i of tmbadimentt Zlaludwh'lchcthe podidionef the l(lHSd

RSS2 RSBl bl BBl 5

dﬂmnnumdhySMEMHWaned a total of 10,800 printed
features. O the 10,800 features on each m croarray,
158 features contained only solvent and were used as
negative controls to establish a threshold for
intensity. The maxi mum fl uorescence intensity val ue
(i.e. threshold) over all the solvent cells (158 x 10
= 1,580) was found to be 23243. Using this threshold
value to dichotom ze the data, a Fisher's Exact test
was used to eval uate the hypothesis that the treatnent
cells had greater intensities than those of the
control features. Contingency tables and p-val ues were
generated for 104 solvent-only features in which at

| east one cell denonstrated fluorescence intensity
above the threshold. Calcul ations were performed using
t he exact option in SAS (Cary, N.C.).



Assessnment of Binding of 1276-M)8 by Surface Pl asnon
Resonance [00108] SPR neasurenents were carried out on

wea 28178808 S51 i nstrument (Biacore, Inc. Piscaranag2007/000027
NJ). Each flow cell on a Biacore CVMb research grade
sensor chips contains three addressable spots: two

sanplggs spi! sehod oﬁeﬁxBécﬁﬁ@ﬁlC@ $0 @hichARé bosiiRdn ¥the CTS
i mobi | ized on SE g 1 and 2 at a |evel of 13, 000

Regisdndbe ppltiple amgs respeRsy feom thecAl ishiurtherbessdomym

peictifi Rsighéd ®mddes] 5. 0) was i nmobi | i zed using the
EDC/ NHS attachnment chem stry application wi zard. The

i mohkj,l i zat e r
o BT B o B 0hf, M e e
&TSdrdneasalre @bamtﬁbﬁ a:m;lna duratien endrtermineddSmepmerk factors.
captured on spot 2. [00109] Kinetic experinments were
carrigsd ONimethbd 481 afg oftho@imentst14194, Hﬂtﬁerldsiln iasiﬁger
pH 7.4, 137 nmM Nad , 3 nM KC g@g05@6 %@

sur f #€hding by He asepse prips a mﬁe»le espp

M/ M froteSABLOTXOP N8 gfeh A6 rithinéltiplel C7S-§-satf ﬁ&hﬂ@s
dlfferent concentrations in a 1:2 dilution starting at

cal cun%%l grdﬂ ﬁéft%°§g€r"8‘g°§§€é‘§ﬁg%§§%§5ﬁ’?g 1g$£2 (Center

f or Biending evitiple C'StteSelf fiavres byktieAdt addressed tothaAY; and

Bi ndi I . :

ol opdifieefieh $80P sHPA® e RIAELR R ATLE thoRiinte
aTs-tebelfftamesunber of binding sites deternined
experinentally with a synthetic ligand to FKBP12.

Sensorgr amke Meyhad BPEnRdik&d 26 Ofutthad cobdi@isifgxi mum

| SoaSpai £ SRR BratenS a8 00110) e

carboxylic acid functionalized FKBP 12-1igand 3f was
synt R8si zEoe method df ergbadimerit @6 pfugihetesmpirisinghe f ol | owi ng

bl i J : .
pu %ﬂ@h@ﬁ cﬁg ho fl%‘i‘z‘?é%"i‘ﬁ‘allﬁ% A[s%xé%pt X3ESEbde Hélﬁ:lé%edl\—/l

Cour age 't ns, Mary Ellen Pavone, Victor

Honthe ,ORa)rqfaﬁg@byram@oy Jane F. Amara, Tim
Cl ackson, M chael G I nman and Dennis A Holt;

Bi oor:gaani A zﬁeth@ﬂas:iinmﬂy oEhabbdifneyts @5(28928)hitB &g thaliple

ery as conpon i erneqlate for the other
1i"ts§ AR LT 1P H privERIdeT 3. ¢ and 3g-q) .
[00111] GEneraI Met hod A (anlde coupling "): 292ny

(0. 5 3ol Themethodof pmbedimgnia2s, mwhahdhm@@faﬂe\mﬂ@ﬂf ghe
(n&ﬁngﬁws% Yt $rabdis fs%?er&ﬁne‘d'ﬂ)%e‘atoﬁgﬁgm%@iﬂxﬁ@ﬁleﬁfatl&he
correspondi ng am ne were dissolved in net hyl ene
cpmsidergfegonsThe reaction m xture was cool ed to OC and
286ny (0.55mmol, 1.1 eq) PyBop were added in InL

et hydieneAchéthod de in Bag of @bbdigentsi 36-28' er BGSinswhirk ehe

R TR Ny e e Bp et fon o) Pligued

¢bbhwdeésde was added and the organic | ayer was washed
with sem saturated sodi um bi carbonate sol ution and
wat er. The organic |ayer was dried over sodiumsulfate
and after filtration the solvent was renoved under
reduced pressure. The crude product was purified by
preparative HPLC. [00112] Zeneral Method B fester
formation): 146ng (0.25 mmol) carboxylic acid 3f and
40mg (0.3 nmol, 1.2eqg) N N D net hyl am nopyri di ne were
di ssolved in 3nL nethyl ene chloride. The reaction

m xture was cooled to OC and 62ng (0. 3nmol)

Di cycl ohexyl carbodiimde were slowy added in InL

net hyl ene chl oride foll owed by 10 equivalents (2.5
mol ) of the corresponding diol. The reaction mxture
was then warnmed to roomtenperature and stirred for
one hour. The precipitate was filtered of and washed
with nmethyl ene chloride. The organic |ayers were
conbi ned and the sol vent was renoved under reduced
pressure. The crude product was flrst purlfled on

1 NN 7~ 1 " p=1 1 o



tenperature for 14 hours and the reaction outconme was

nmoni tored by TLC. Upon conpl etion, the reaction
wonad7isessas diluted with ethyl acetate (10 nlLpCT/TiS£007/000027

organi c |l ayer was washed with 2% KHSO (aq), ddE O

brine and dried under anhydrous Na2SO . The filtrate

vas cgpceRthahsfadAdey of @ﬁﬁ&ﬁﬁeﬁfs%sﬂr fh whicH thd @sfliple
col utm_ chr omat ogr ap h provi ded t he

GdSrtosiplifrazens are separy %1( a4 tige ﬂu{atlﬂﬁ@i!’e*sw% P Bty
Yicbd) . 1H NVR (500 |sz CDCIS) d ppm7.27 (t, J = 7.5
Hz, IH), 6.96 (d, J = 6.95 (s, IH), 6.89

(P 6%@4@&@{1?&3**55“:0% gob, 070 (n 20

3. 86 sesdingHltiple ©F'S(ts-SelFpmes b She( @lP addressed & the AP} )

I gt el ot o b oy

@%to(Sleﬂaﬂ)es 2.05 (m IH, 1.79- 1.61 (m 6H), 1.50
(qt, J =13, 4 Hz, IH), 1.35 (qt, J = 13, 4 Hz, IH),
1. 25-44. 19Thémefitdll .of dmBodimésst: 33) irrwRichiZhe hidtiplOCBS td-Self

Fou b5 A e s S b BT g

125.0, 120.1, 119.8, 114.3, 113.1, 111.7, 111.2, 67.4,
55. 8,3%1. 3, mathod asdih. dny, pBEeding 3Hbsdin@at,5n Bhick, the AR,

gﬁn%mit% &@%l—ﬁ%?\l’j@ﬁa ?ﬁﬂfe sPA Znaﬁﬁ%@(tﬂ%‘gﬁg% CTS

dramags)frony thyB\Hyare 4ransogteridiefors thﬁoS(’l;A startg it dra,qmrsgrpns
derivative 3f, parent material for coupling reactions:
S%é'*p%“ob.“é?ﬁ%“g%ﬁ‘.‘fa" EERATLON b DT PLE RS N
RPSRERRR & 8 TERRLESS 6’6@1"%&%6‘—' ﬁW&WW cfd’éﬂ one
REARANBTA)) vanprishiy: gener al |y rel at es to wirel ess I ocal
area ne wor k art ar | hances
oper ai® é%ﬁﬁ% 14§ oﬁﬁpe& ere%I B ééﬂt?ﬁlfl?ﬁﬁmﬁ? a
Sﬁlﬁulﬁmbe&’sagzenmle(MAQ)Ol@@&] tlBACECE?(EUHE}nEe@Wﬁ]] transmission
81” rasntl v%r.i Ous %ro ossal S ﬁ LRg pr esented and
P crpeptiing e tabwones sty Eddy e 5 Phe 802 11 WAN
standard, which will allow forhi her t hr oughput WL.AN
devi c¥k. Themethod 9perabgdimens i3S, CERRTEIRE Wi r el ess
cons Oﬁstd_lr%ﬂ Blel2ah bdtRedd @R niffiple OFCER i sthesR wﬁﬂpﬁ datatidRds

VW SE e follow ng descri bes aspects of these
(Stetpsmingddymeteqrkfcters t he present invention. [0006]
Figure 1 shows a Clear to Send (CTS) frane as a
MACC038.1 olA thethnrbam agkg of erebbdimerith 86-88. ufthestompatiging:

The re e| ver ad [
from tne Sinlgélhlgh%t er g )rr%és%gw’%% E];{dsoﬁflgﬁgm% glehRt iﬁ)qn
ithaS'dAahdlyltm@mheu‘Koﬁequest to Send (RTS) frane
towhich the CTS is a response. The duration value is

t he vgd ueTabhRtIRAGE éﬂi@éﬂlﬁa@lﬁ; JHAbhieR uhhsRl AXOP ik Feased

i mredi atel y previ ous S frame, .mnus the ting

A8 thes P dgtepis mand TWB ug RfrianseRRE R thei does not
iHaebhy @i t6pa@l ng (SIFS) interval. If the calcul ated
duration includes a fractional mcrosecond, that val ue
is rounded up to the next higher integer. [0007] The
CTS frame need not always 2l ow a RTS frame as
described in the 802. H e standard (section 7.2.1.2).
It can be the first frame in an exchange and used for
setting the Network Allocation Vector (NAV) for MAC

| evel protection for the transm ssion tofollow Wen
the CTS frane is sent as the first franme by the
initiating station of an exchange, the CTSnay be
addressed toitself and is referred to as CTS-to-self.
[0008] Figure 2 shows a Contention Free End (CF-End)
frame, which is a MAC control frane that nay be sent
by the AP as a broadcast frame to reset theNAVs of al
stations in the systemand is described in the 802.11
standard A statlon rece|V|ng a CP-End frane mnth the

o o - . I NSNS PN\ o " .



RTS directed at the AP, and the AP responds with a

first and second CTS separated by a point control
wouorosws3i nt er - frame spaci ng (PIFS). When duabc@lS2007/000027

protection enabl ed, the AP should protect STBC TXOPs

with a non-STBC CTS and non- STBC TXOPs with an STBC

CTS. 4he %gxﬁétﬁsdBi(t:ﬁﬁ ahy ﬁ'@lﬁtﬁoﬁﬂ@hﬂs 38ﬁ9,| i Wi uhﬁfgd_tm(@P is

enfir control franes s e.used in - .

Felepstabter GhesRBastor e Topdi bR A S B gt D AL

isSatsoRk to MNeBssIhBmeamat.r ol frames shall be used

otherwise. PIFS is used as the interval to separate

the d&lﬁl g&etilg(g %Je}g%w tgéégo §nts!;39-gf6911 wﬂcﬂ%ﬁseﬁ TRODIS

a diagramfrom proposal presentation )
deleasedntvhere thre Adkfirfitinted athe dITERPeartbds Rengevith downlink

_ : ¥ naki - | g
%?%].sﬁﬁgsﬁﬁ]andf%@gmt% ol a%’e&?.%%t%s sighgal node

ection of normal ran ext ended range

an
(ER) ations.are sho i gnal ences.301- .

ot Lt oA TREHELR B PSY PrepEop s Sp A AR AP s
(reXebgedaitasne e AR figidsted HIAXORIWEBCARAH isSdva enithalodfBnk

A e DS b RGBS

STAusi ng signal sequences 301-302 respectively. The ER
STApr #3.ec tAsmethed F8i@pny of emibpdimlents 3§ rin avh3bymuged JXOPAp
%@f&HSJ&%e%g heAe il BbANGP HARCER SRLHEACPYPofl 2888 done
sequence 304, and one for a legacy NR STAis

rveiph deverrindobrgsmypsigregndsloef et eapghany wplink tpnsmissiogsence
306, the AP protects a TXOP for the STAusing

HCCAf o4, matA méthod atinany éffembdRneatads-42) i diichanGded TXOP is

response to,.an fr L ar. st at] nd in
oREST g oo e P B B it
aarlBS-ofDstalMAG sighall franntHel8TAT0de ot her than that of
the RTS-sending station. [0011] Figure 4 shows a new
HT | nggr T }nQfhoft laﬁ TPy BHAK Firihid §5-44)6n f\é)\ﬂﬁcﬁb‘ehp hdosed

Ext ended Range. T S|gngls new HT i nf ormati on
CRfadifeames are serjdcthe AT whensthey can kg sptkefre thy geent
rBEBPBSSral C. t omanage the BSS (for exanple to support
Ext ended Range). The new HT information el ements may

al so present .in.all acons and be re NSES,.
tr ansggt t é\dmﬁg’og a8 f’é??yo%%f]ﬁ) °$’§§§tsn%§%g uh’?'g“ %’Fllge mitiple
| CF-Bnhddtanoes b eemtrtysthe Afttaithe éxtehidihat s maag aSemobelsamy
g?%§0%onhe &Ilual ﬁ@geCTSespr otection, etc. as shown in
§F Byurim SFGF TSP Y t he Joint Proposal, the |ength
is not fixed and the size depends on the nunber of .
fi el d47+t hdt mgbhediandn el emedinpandy 3544 Ha whighdhe multiple

O Rl B d FBanSRONE sbiit Uy tHE AP Wherkialllbr 36the LM hEkigR CF-End
appearing at the end of the existing fields
ﬁ_éﬂem are

firaznepcanpRtnsent kefarp thesymept TXOp @xpighsonlLer sops e
Aapbetsiag thoTtbe. Joi nt Proposal specification, and the
EWC specification, following are sone definitions
related to Power Save Multi-Poll -(PSMP) feature. A

" Power Save Multi-Poll (PSMP) is a MACfrane that
provi des tine schedul e tobe used by the PSWP
transmtter and PSMP receivers. The tine schedul e
begi ns i medi atel y subseque&t tothe transm ssion of
the PSMP frane. A downlink transm ssion (DLT) is a
period of tinme described by a PSMP frane, which is
i ntended to be used for the reception of franes by
PSMP receivers. An uplink transmssion (ULT)is a
period of tinme described by a PSMP franme, which is
i ntended to be used for the transni ssion of franmes by
a PSMP receiver. [0013] Figures 5 and 6 show PSVP
informati on el ement formats according to the EWC MAC
specification. Figure 5 shows a PSMP paraneter set
format i nwhich the PSMP is of type/subtype Managenent
Action Franme and broadcast address type. The PSMP
paranmeter set is used to describe the DLT and ULT
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a specific (STBC and non- STBC) dual nobde operation in
a WLAN systemto a nore general nultiple node
woperagian. A second preferred enbodi ment is arPaEtiSe@®7/000027
and system for enhancing the MAC protection mechani sns
in multiple node operation, in particular, mechanisns

t o suBporA nistHad &d R My ©f =FBehineAGY5L4Y, ﬁ1 tvarcmhe order of
approprlate for the correspondlgﬁ ngg f rame sequence
by HRE AP

bepemisyiop gethepnyiiinla AfEad &ppmes s Felense 2aupes

WROPHs &8 $00:@BPbf RforitPaddetériFhdd BYOUE natvork bérfigudtiogase.
Athird preferred enbodi nent is a nethod and system

for ha ences.i.p nul ti nogd

oper 401 on 1S B e Ry s Bt R A ety
Elg02ed. Anore detalled under st andi ng of the invention
may be had fromthe follow ng description of a

pr ef gpr eda 6nRIAG AERL andiof @BbBYmMRYs 9448 XARAE She Peickify
be understood in conjunction wth the acconpanying

SOTERRPPRIELY thitepsdened t[> thepngdes Pwéteé by HeRetYORETS frane
according to the 802.11 Standard; [0022] Figure 2
showsla OEixEmhbdfarsaﬁanf ﬂrembdlamnmrctsi-mg wheretthe fiBd ZFInd

t andard 3 .sho Iin 'a
a0 penmai g ihe befthadePARETOr e ot R EPR
ﬁmniéw\tcﬁﬁzspémpe Engnrhye)fﬂhesmms a rranagerrent frame HT
information el enment format; [0025] Figure 5 shows a

PSP spar aPFéxﬁéthSSBf efmlroaﬁrent BP%@}e t'ﬁb Gweﬁoﬁhgm%l@CF

PSVP STA Info information el enent. f or mat
fiagnes camresRending tthpmodesveReTtedin the sxsterm lwbléraar
phase followed by a ULT phase; [0028] Figure 8 shows
an ex»anpl Amethvidras iessy of dhbaleeres 4850, wheratnt Gt Eendrfroohes
ure 9 s Rr beaco
oo o B SesdoRiioy To, feBhodtiring BREGR HRGE Bhartiig e
wdmmmropemm all[stdtioab abexat@ﬁg)ﬁ(i]laﬂ-'mgimmtﬂ Ghesprotastican
ﬁ JE? rr%p% HT informati on el ement fornmat that
s

e ex

es pf nﬁry and secondary beacon |Ds; [0031]

—

Figures 11 shows a franme transm ssion of a STA usi ng
pr ot &ét i ndymeskeyd gsdp aay efseitimentidied b Fiheer the pefepy isa
Bl&luh e hétwdiR Wsing ah eRdBddd", &cfel 22 anonﬁQl rAblge mode, in

binirane (AT weme ¥ laﬁP%&Ptlﬁ‘PE Sk erdedSibippnodilin tr

Hﬁc&teﬂ&e%ﬁg&wu @nd 4heé byBvs CR-EddoffBmb 8 8&1T1 if SiofSTBC

ggﬁ efof an STAreIeasrng unused TXOP; [0035] Figure
be Doral Fange modei on sequence of an AP

rel easi ng unused TXOP usi ng EDCA; [ 0036] Figure 16

showdba fA areshadrasris aiy of mb0§@mmém3,f‘e5‘bﬁméher876mpe$19as i ng

unus @$§€F 0 Figure 17 shows a

mul t ?p egé% gﬁé %ﬁ r arreE"‘?lggrqa%n%Ig(i [ 0038] DETAI LED

DESCRIpRgHimi e twark ﬂmg@m znemnfmsbq received

Heueaf &5he. the term nology "station" or 11STA"

i nc udes but is not limted to a wreless

tran ecei ye it (WR nt. (U

b1 P8 st B Brthogefasbatiitsnt et e g iBre sy
basgesfe;'wee @b ideutlﬁcatioﬁl(mm&n waichehs8hA hpdhitel iteVAV after
assi stant (PDA), a conputer, or any other type of user
devi ce capabl e of operatimg in a wreless environnent.
.When referred to hereafter, the term nol ogy "base
station"” includes but is not limted to a Node-B, a
site controller, an access point (AP), or any other
type of interfacing device capable of operating in a
W rel ess environnment. [0040] Hereafter for the

pur poses of describing the invention, "node" is used
to refer to the specific network |ink, belowthe MAC
Layer, used for communication (transm ssion and
reception) such as the PHY |ayer, channel interface,
channel bandwi dth (e.g., 20 MHz versus 40 MHz) and
physi cal comruni cati on channel. It should be noted

t hat STAs |n dlfferent nDdes may not typlcally operate
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bl ock codi ng (STBC) and non- STBC) dual node operation
in a W.AN systemto a nore general nulti- node
woper7asiass. The second enbodi ment is a nmet hod aa@W/US2007/000027

system for enhancing the MAC protection nmechanisns in

mul ti pl e nodeoperation, in particular, mechanisns to

SRR that thb BB eorfdspdridd tdlﬁﬂfalﬁd 1clsél'vﬁ:g E?&?ﬁils controlled by
propr.i.ate e. correspondi ng node rame sequence

§g‘nf\Pk‘J‘9 H‘ﬁle%%etftéhf’eﬁésr°é*a§€ﬁn cient nedium utilization

whi ch al so applies to a single node as a trivial case.

The t8 r dThenbeihiodefemipdinamit ba svherethe REEnd famsinckdesaor

%881?%%"%}%5?%“% BC(%%SMB i shidd e meuﬁ&%saité KAV

rst enmbodi ment”’ concer ns defi ni ng
n'egméhs$ofswhq§hgutrhp BISIRdortegnondsriniés Hpeie g@rvg;ﬁ set that is

y?ﬁejg?mlihcﬁﬁlbﬂm d1N is A83kiatdal € node operation

egacy systens, (2) devices supportlng a

ik TRIEE Rk S R

b MBI Sn a(wiyelese s:latvnﬁkmtnlg& Sqpas b pgvenshtd mhﬂsnpmﬂms

8§gﬁ&§h devi ces ., eratlng on nore than one frequency
A comp &] In accordance with the first

pr ef esenditg@nditiple mode CTiSHe-sAlPframpports nul ti pl e node

o peatbresafis Pl AbRF BRI, D 7 S

mul t i seadingmiudtiple asdde dawalifloandeedinkirraeméssjopor t ed; and
2) by supporting the sending of nultiple CTS franes,

each gorregp %@ﬂoﬁg)f Eﬂb&ﬁﬁeﬂﬂ( 58, h?wméhtth@PSMFQ’ﬁlﬁﬁestd%ﬁhe
are supported. The chal for_ the multi F
o sebiorfor She Nati-rifde GPSRBo Lab BPGHE Fed o e
| AR RIRPIMP tdReARMRrdtnmat (modul ation, I i nk
configuration, etc.) by each of the two communicating

entities. ,Th T Iﬁﬁﬂ?
f or mab(? t ﬁx <R L%?IR% awn%a ﬁlme %%%%9 f5§ 13%91:}{ %h% frames
rdefiee devenlink tivnadDLS)D eﬂwchtumsraod mtahnk bmaI(Ub'F\) albeaigns ?fi tbfn
b Q

oS Y g 20fs 1T WP e e SRR SRR R plidons
anglorpabilitiesof thredesizese  MAC nechani sms of the AP. A
primary node franme conprises a primary beacon 901

fol | oped Dymbieamelihi@aSk ebbodtensst 5561, an %ch {HaePSMP
pri mary beacaon gncludef an HTJ formation wggent 903.
Araraes aze genarated; by p fina dygationgs dete P ane
is sent that includes a secondary beacon 902 withits
HT I nformation El enent 904, followed by
nul T 6ASTLDr 9RGEAS ool hickiin Wilibin' QOASRREP Lftn Fivists ©
8, the primary beacon serves
(meaim@‘see)to sThport pratention \pof BEOEOfer sulijels norey ofypperption,
g@ e 2 (STBC). While for the purpose of exanple,
er 1 and node 2 have been aligned with primary
beac oA paﬁahfg@é ettians (SBakaparatiog e btq Qrangre supported modes;
ajtgernatively, the primary beacon can serve node 2 and
t he secondary beacon canserve node 1, dependi ng on
system paraneters. Returning to our exanple,
generally, the primary beacon will serve all stations
using node 1, and the secoB8lary beacon will service
all stations using node 2. For nultiple node
operation, additional secondary beacons will serve
each of the nodes used in the system respectively.
[0046] During the nultiple node operation, the AP
sends a beacon/secondary beacon and
mul ticast/broadcast traffic in a format suitable for
each node supported by the system In a nultiple node
system one of the several beacons transmtted
(correspondi ng tothe several nodes) is identified as
the primary beacon 901. Each secondary beacon 902 nay
be transmtted with a tine offset (wth reference to
the prlnary beacon 901 or any other tlne reference)

o Y e - I o e
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info elenment has a value of O, it is primary beacon,

and if the value equals 1, then it is a secondary
woeearrmsieskor nul tiple node, however, a single BCr/uUSHG06/000027

el enment is extended to a size adequate for

identification of all existing nodes besides the

pri rr&rnyadwséepmxﬁsms’h Qmﬁﬁg'daed:iug Uéxﬁl ﬂnmtun@ elebefcgAd I(OTS)

field 1014 is t biLs wh ted
(it P (TR 8 4 OBk HBRTeB Y s S%PE ’

in a systen1u3|ng 16 nDdes a beacon IDfield of 4 bits

(B0 B2 Sy SR bRy s Bl S e gl

$qstr@1msta:b+sgad(mdﬁambh§ta8’nml udes the AP and the
station STA2,which is operating in Mde 2 and
protecting a TXOP. An indication is provided by the AP
t hat 6l t Tixd systemchs id olakh §2, ohewin tha STA iscoypfigmréded idoljcateh e
[ n f this indication is
? ﬂé&ﬁ;ﬁft%gg?%glgﬁ g’%a ghqu?l}fbdal%moé% gdpr ot ection
field/bit in the new HT |nfornat|on el ement Mul tip

Mbde B ot Ehe EtP fiaims64 wheRein theiiguseads o contpmiion ﬁ%e

O LER Baed BrBhOmarhiign fiel d/bit is set by the AP and
received by the station STA2, a TXOP is started by the

stati quest 1.9 SEr RTS r i n
vode i o6 Snierh R e ol Bt i E e ling
APamdnhtmEﬂdatmhd $T49iseu% and CTS-to-self franes
1102-1105 in formats corresponding to the nodes, for

exanpde, TRAWsioh QP claih 89, GAREIYYRABTANNdRAEs thé end BAl
stations ogperating in_the other nodes will be notified

trppsmipsiprbp sepding 2 QS Né’élefF%%i/ protected for Mbde 2
stations, such as STA2. [0049] As shown in Figure 11,

the AP transnmts me 1102 i e npd ej

used $r swsea»%g Ay 0 {ﬁ%w@e#gathfysﬂéerém e ??@5&9“11

tFneIAA odultRiontRad thE STAACushg.ch initiated the TXOP is

operating in Mdde 2, and the position of the Mde 2

CTS frame 1102 in the nultiple CTS frane response from

the A, i sThe Ewstem AF t:birﬂsfﬂi, waleyein the SPAShdicates tls efidiof
de's CIS fr or as determ ned by the

g%é’f’é‘?ﬁsgﬁ?yﬁ%&adm %ﬁ?ytﬁp? ) 1@59 B89 gned to nodes. The AP

al so sends nultiple CTS-to-Self franmes 1103-1105 in

al | es [ h ' Or. 1 h

pei ngrtpr oFie e, ool 2, NleRdtp 1R adili " 48

CE®sinissigalif interpeeted by EiSother SEAS M d metwork @llpealtian ivedor

gﬁ?@-ngg these CIS-to-Self franes can be arbitrary or

n1ned based on system and i npl enentati on
consi derations and based on priority assigned to

mode i) 1[ 009 syliat émh*ciaﬁh 82 %ﬁfrg}ﬁ%é g 561ds il AIBIS CF-End

1102- 1105 areé separated by S, SIFS (as shown)_ or
Srames i AR gepertedomodey élmorasrewamfeéhq inddgatipp ogfgend of
PRaChGiohRI FS), as determ ned based on ot her system
factors. Once the multiple CTS/ CTS-to-self franes
1102- 1105 have been conpletely sent, the Myde 2TXOP
1106 conmmences. [0051] The nultiple

CTS/ CTS-to-Sel ffranes sent by the AP in response to
the RTS frame applies to t2% foll ow ng cases. Were a
BSS with an AP is communicating in a nultiple node
operation using nultiple CTS signals, the response by
each of the STAs is with a single CTS frane in the
format corresponding to its node of operation.
Alternatively, each STAcan be allowed to respond wth
multiple CTIS franes, which is particularly useful in
an i ndependent basic service set (IBSS) (i.e., where
there is noAP and all stations are peers) or a nesh
scenario. In such a case, a selected STA plays the
role of an AP by sending the nultiple CTS franes.

O herw se, coordinating the CIS response from sever al
statlons could be dlfflcult [0052] Flgure 12 shoms an

A NN N o .,




PIFS or other tinme duration, such as RIFS, as
determ ned based on other system factors. As shown in

weigursiaB3 the nultiple CTS-to-sel fframes 1307Pt3182@r7000027

foll owedby a CF-poll franme 1311 according to HCCA
protocol, sent in the node being used for the TXOP,
aft er7p SrE&sth’éxESasom Qlaidar 64, | Wiker6iv! fhel OP-ERdClia@ss are
RI FS, as determ ned based on oéb;& system factors.
Fepagated fvg aphesb intgamessereipe (MES) 9arafiffys t he CF- Pol |
frame 1311 is in Mode 2. [0054] Under this nultiple

node T OP_protectiqgn e TXOP for a
oA s ot Dt B STaR ethergin Rt Bpd e s din
rédtedimaifionk spading (RIRS) darhtiop| e CTS or CTS-t o- Sel f
franmes fromthe AP are transmtted. To achi eve this,

the T | og@,ggs fe e&satiheclﬁ{xﬂcﬁﬂurwﬁ:%rﬁ%et&b%ﬁf V&Rfds an

ei t her y or in various conbinations.
raplgmﬂ@dslegnen& (n@I%h@femsemhng thaeChdaddénmey. the AP to
transmt the nultiple CTS/CTS-to-Selfframes will be

nade KNOWMIhé Bystdif ofTlfitn 6N whbRirb it AMiends 0@ SIBC €Fdind
%? (5?88Ib|e g%ﬁ 3ﬁ£# éﬁPtOInC!Ude this information in
4l 99 DOR; ¢ HfB¥nati on el enent 1000 sent by
the AP. Alternatively, a station will not start
transmtting before it receives a CTS response toits
RTS, and if such GTS resporse comes« | ast, then no
explicit tinme needs to be comuni cat ed beforehand.
Anot her approach is to rely on carrier sensing before
transmtting, i.e. even after receiving a CIS, the
STAwoul d have to wait if the mediumis still occupied
by CTS frames of other nodes. [0055] Alternatively, if
all STAsare capable of transmtting and receiving on a
singl e comon node format, even if they normally
communi cate in a specific node, that comobn node
format is preferably used for sending protection
control franmes such as RTS and CTS. The nodul ati on
used for sending control franes is typically the basic
rate in a given node. The higher rates in each node
are used for data transmission. It is conceivable for
a STA to support basic rates in all nodes and hi gher
rates only in one preferred/specific node. In this
case, a singleRTS frane and single CTS frame being
exchanged between two communi cating devices in that
common format is sufficient to establish protection in
mul ti pl e node system operation. [0056] In all of the
above protection mechanisns for nmultiple node
operation, the protection franmes that are used (i.e.,
RTS, CTS) preferably set a NAV for the entire TXOP
bei ng protected. [0057] A second preferred enbodi nent
of the present invention provides MAC nechani sns to
support efficient usage of the mediumin nultiple node
operation by rel easing unused portions of the
protected TXOP. Figures 14-16 show exanpl es signa
sequences of how the nultiple CFEnd frame
transm ssion may be used to rel ease unused TXOP so as
to enhance nedi um usage ef8@ciency. [0058] Figure 14
shows an exanpl e of the STA rel easing unused TXOP in
Mode 2. As in the signal sequence shown in Figure 11,
the STA2 sends a Mbde 2 RTS 1401, the AP responds wth
multiple CTS/CTS-to-self franmes 1402- 1405, and the
STA2' s TXOP conmences in Mdde 2. In this enbodi nent
however, STA2 recogni zes that no further data is
avai l abl e for transm ssion prior to the end of the
TXOP frame 1406. STA2 then sends a single End of Data
frame 1416, which can be in the format of a CF-End
frame. The AP responds with nultiple CFEnd franes
1407- 1409 in all nodes. Once all CrF-end frames are
sent t he unused portlon of the TXCP frame 1406 |s
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exanpl e. The Mbde 2 CF-Poll frame 1605 is sent and the
Mode 2 TXOP frane 1606 for STA2 commences. During the
wOoXWR/B1aaBe 1606, STA2recogni zes that its tranBaTASR@MN000027
data has been depleted, so it sends the End of Data
frame 1612. The AP nOtifiﬁigh&% ot her STAsin all nodes
using multiple CF-End fra the respective nodes.
Wieat IXERinieei Nnder is then rel eased. [0061] As shown
in Figures 14-1 t he, AP sequent.i al n
CRendtr 1 abasetip i s abdear b ns vRrrs seissk hfice
\aint decdss pointbsd h’Dl’easftQihHataSmﬁ (ST welidre 8, mdde ik defined by the
a&g§ﬁ$ 2?3 corresponding to the nodes
§ﬁ3ﬁ%@#€ FEAB™8at i e gap of SIFS (or other tine
dur at semimg:a rdmaebmmbaadn bﬁthe dcoass potnt ér eschst@leshppotted by
'tRe | l udned }éve i rto the Te neg: nf/erI%o o4 [0062] The
o?F%W%ml % RN |dhal g%p es of “condi tional cases
( i ndi snpﬂoxainlgymmﬂuplel dxanbton senido (G TS)wiremes tihi mode formats
%ngg%mqginé of Bl & e&g@ll}%glagragaect ed TXOP is applicable:

ter recel Vi Data MAC signal fromthe
STA, andingwm ImdtlFasybmed@t détar fof racke rande | supportasiSbiNthe.
%‘2@& kWM th an ACK response from AP) which started the

. b. After receiving an End-of -Data MAC si gnal
fromthe STA (or for exanple a QS-NULL frame with an

ACK r£SPORGE RSl &ﬂn Wt R, ﬁlt @Bﬁ:ﬁ Gnb 08 tHeX SR e Bedddfs
AP not hawdr;gtlg%a ata to send If the station

mrnsmﬁé@cbw S@mmtbe%%bxagew&m@a@atﬁaldoabﬁ iFa
?\ C#h?ﬁt(’ﬁ‘l‘ GRfoRhAfdnSlerb iR sdnt@FitHs Apst ops sendi ng
a an he A detects this by sone neans (such as

Carr| er Sensing) and the AP does not have any data to

sen tOI 8. Afthe E%eagag BALTY 'gluml li,eﬁﬂéé@ﬁMh@ b@&g@hggaud% se?ondéﬁr
just recovere e nedi u a ca e CF- r anes

thgacgms Eht aredrmiiiedy a secoriasy benson el atrw]‘?lt na *FF infrmaugn
iddrhérd k@t Bylte AKOP and is done with downli nk

transm ssion and does not expect any uplink

transm ssions; g. If the AP initiated the TXOP i n EDCA
and i s domaehdthodlasMil tlaim Br ﬁﬂﬁzlﬂchsu'he recndargtd@aconstare

expect, anpy.further i.pk ftransm for exanple
ﬁ%ﬁméﬁecgﬁdi‘&ft‘%?fgf'eg ﬁﬂé?ér(egge tgﬁ‘ %eré?cﬁm e 15), or
a QoS—NULL frame with an ACK response fromAP); h . If
the i at d the i

is done Ll‘:hﬁmd’ov\(/)rﬁlla‘lsrﬁ rads%@%ﬁx\%}n% %e%:mﬁg%r Lkég%ﬁg%t
dhy priplarnmkeacomnsni ssions; i. |f the AP initiated the
TXOP in HCCAWth a CF-Poll and receives an End-of - Dat a
MAC signal fromthe STA, as shown in Figure 16, (or
for eSanpTbe aeath@ aUin lclefimatirin which the timelofiseio Aefermined

f done with downlink transm ssion.
[H(?gg@ﬁ)?%%%n%#t%dgagb%i End franmes that are sent by the
AP preferably observe the follow ng rules individually
or i n7con‘q‘h@§{e'tﬂda as%clg- ey, lvhicR ke fifie GiRd: {saR PRz a1
be sent onl can be sent before the current
TXePIhasang %r dmnswalmotlawadétb@rtm%d by the AP by
estimating the remai nder of the TXOP and conparing to
the time required to send a1l CF-End franes; b. If all
the multiple CF-End franmes cannot be sent before the
current TXOP expires only as many as can be sent
before the current TXOP expires will be sent; c. In
some cases or systemconditions, even if all or sone
of the multiple CFEnd franmes cannot be sent before
the current TXOP expires, they will all be still be
sent even if sone or all of them have to be sent
outside the TXOP. [0064] The nultiple CFEnd franes
sent by the AP enable all other devices in the system
to update their NAvVand avoid potential waste or

i nefficiency in nediumusage. The nultiple CF- End
frames fromthe AP are separated by SIFSor other tine
duration, such as RI FS ~as determ ned based on ot her

Y T




d. Just one CF-End frame in a format corresponding to

the node of the current TXOP is sent in which case the
wordi7isidss opened up to all stations operati ngPCT/uSk@u/000027

node until the protection for that node expires, which

gives a preference to the stations operating in the

node of the TXOP; e. If all stations can transmt and

recei 8/ e aTﬁé 1R d GO MBI DAE whith Rl dsi8 eNsdedndabEeacon

nor ni cate i c nmode: that co n
TonERrtatdo EhGtrerortins Bk gn ¢ & REIFIE BRRSOR RisP or &

@Endimlnﬂ fielderhidhi i€ Anibub ko the seédohddrg bedtbnt 0 update the
NAVof all stations in all nodes. [0065] The foll ow ng
exanpl e is described with reference to a dual - node
Syst edn apPhé arthodms infekie 10 itawhich tkenshufticasiisoalcastidata

the E tende functipnalit

AP THILPLATRE nEg PPl Pepriap aren et L acab

riatiudeat afber)the aricharybeaotrther CF-End frame is sent in NR

(non- STBC nodul ation). The follow ng describes one

possi bl e inplenmentation of this dual CF-End frane

exanplle. The ohetlod@F & glrimt 3dh whirhithe saverragyl b¢dcorinclu@dBC
sent by the AP when dual CTS

%eiﬁg%?tﬁlgﬁg?%gﬁétﬁggﬁl n the system typically

|nd| cated in the beacon) and a STA obtains a TXOP and

then e FAclts Auh oifm ! AESr Lorrbd M| hvind 150 e

STA nmay i ndicate transm ssion

dgtveork supporsymuliinle mode operationxapl myectlpla rﬁyrmvlttmimmed@
Q&Eﬂaﬁoﬁ 8y 'a%‘ﬁl%lef d&1Rs- seﬂ&r(@‘i‘sﬂﬁx%técﬂ@ﬁ bt REnt 15 The NEG a

duration [T allowit that there is
dvigh igrousbany B jarentionelesten @aﬂw}ﬁdﬂg Shsrheapone i metivg
fac@u®entel (Metgase): Case 1. A CF-End frame with the
nodul ation that the STA is using (STBC or non-STBC).
Case 2. A QS-Null frane with the nodul ation that the

STA | B. Thé a@tHod Baéer@ing Bodait BCFurtKe?$6mprisidgty Ot her
nsm ssi

type of MAC frane that indic en

of " HEFtEE a&mmgﬁlwwﬂun&ﬁ@ﬁf’?m@l Srane 3 TrRgUe 4
tsb@d(&M&ﬁufe&rdﬂsﬁﬁttédﬁmH@APo send. [0066] Wth the
transm ssion of any one of the above indication franes
(the above Cases 1 to 3) the STAexplicitly indicates

t he cm'rpl The method atsﬁmalamh 1 hrin ehidhtthe RXSPran\ie geritlae the
t fra it shali

i rg:lr}fﬁ %}; an atl atlo ane%ﬁoﬁs ?'%E aﬁgg r%gllsz:fgbmé omt e
rééble iaddregsedito bee @th etablon in §867ine @rode doethor wg!palﬁgng

one o td .
Lo 3% MaRPRU T e RIRhCth Al R i £RR i
rusebion tha{IXOP grodéctebytihe STAx#nss - one STBC CF- End
fra -End frame - after a SIFS
durgﬁlg%gt(lgér]go erlc’§;|£|§(fgr:\s§ uration, such as RIFS, as
det erm ned based on other system factors). Another

possi | i fie in%tﬂoh%mmnpﬂ@eu&h@rwmﬁﬂmngt her frame

that expects an ACK, the AP may fir espond with an
ACK bending asré?mrl?ﬁgfrwﬁéh%%rhmhf%ﬁ%%tlpl AP famesng
frames elimnate unfairness towards STAs that are not
of the sane node as the omg2 that owns the TXOP being
truncated. [0068] If the TXOP is owned by the AP and
dual CTS Protection is enabled in the system (usually
indicated in the beacon i.e when both STBC and non-
STBC STAs are present in the systen), the AP may send
dual CF-End frames if it runs out of frames totransmt
provi ded that the remaining TXOP duration will allow
it. [0069] Further, in general when dual CTS
Protection is enabled in the systemas indicated in

t he beacon (i.e., when both STBC and non- STBC STAsare
present in the system, the AP shall send dual CF-End
frames- one STBC CFEnd frane and one non- STBC CF- End
frame - to do a NAVreset. STAsthat arecapable of both
nDdes may transn1t dual CP-End franmes when they want
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access the nediumuntil the AP sends the dual CF-End

(or multiple CF-End in the general case). Also the
weahowvesssBut i on applies in general to the casepof/us2007/000027

systemw th several nodes (nore than two). [0072] The

foll owm ng describes a particul ar enbodi nent accordi ng

to the above Cases 1to3 that specifically applies

t ot hel580 2T netladdar wsclsipe t4,fin cetictothe AP sehdal CTS-Self
rotection i.s eng ¥Oed %nd a STAobtains a TXOP and then

&’Wén%ﬁmrsﬁ?’fgw%ﬁo o Ffdmes to transnit, the STA may

then | nd| cate truncation of its TXCP, by transmtting

|ded t t.h i ni

Gur i 1%n ST ReaRR SRR 14 erdsd o TR RL R JAS ors o
rself fiomesieteaarbitraeyl accor di ng to the fol |l ow ng

determ nation: whether the remaining duration of the

TXOP is greater than the sumof CF-End frame duration,
a STBQ. CFTEewethod apindilaimt i5on, whichtba ABF&0s oRulnld OTiSene

S8 AR5 B B BB By
| iand therelative prdexefithe €T$-6mSef fr@m%ﬁrﬁéeﬁtemmd ha@‘%d opRorith e
Sl%&mttgﬂ g of a CF-End frame .shall be interpreted as
Vreset by the other STAsthat are capabl e .of
receiving it. On receiving a CF-End frane from a

STAW {gd) aTHBhLEtHA ds BBl 1524 viicrStha ClrsiesRe Btk iWifdrthats
dual CF-End franmes after SIFS duration - gne STBC

dhateprirerpapdetoathy EvReciyR SHwe Ecluding £ mpdulatiqn pha lskop
i confip@sbrdy the AP and dual CTS Protection is enabled
in the system the AP may send dual CF-End franes if
it runs out of franmes to transmt provided that the

remai1g.n gAE@t:E’oleka C:%hiéﬁiéb Mbdd opalahewd 4nIBEB Qn%igﬁﬁ irn]étgrorkb
et ween _t a n e S ,oe
%aﬁeg ’H*HBQ‘F ﬁq*éts opgrating it mufHplemates ttaé%ar? H%ﬁ%egr?g o

Madkytoatpridihgt!s ed for transni ssions in the TX(P bei ng

trunca d t End f.ra s use he
ot her? &?ﬁ%tﬁalgtf mq ﬁ’f‘% g?qg\%gmgg forf A é’&olf%{ mt
fihdisdte pfotdction ofa TXOISIERG e mwde fon bk ffrsirS'th arone @EQ(STP&X@H
the first CE- | p._hon- ST

foll osv‘\’nnﬁmg s]icEnrl flé‘:"’l taa%% é’ r %%%Eruﬁ% r #Oy‘g%d onee
whemhis ntsmererﬂaltfefowmamhratssimh;eanel i s no need to send a
dual di; 8

a1 R R fereinde B8 IXOE Bt R ITRL T d uses
t he LongNAV nechanismto protect the TXOP duration, a
CF- Engp T r ﬁgﬁ?ethsd RERLn YRR o RS CirdES n@ﬂvo‘ﬁ?hﬁhfd seatsp

be sent in cattﬁﬂg truncation or con‘t]) etion of

qne aeqesrRointi(AR) ans ajtleash onestaliond §TALwhere panadg éﬁf&énﬁ‘héy
GHE BPA% neth PR iR th&@RikddneAblgRgUnder Long NAV
protection b¥ di sal | ow ng . sendi ng of End franme by

t he otheSTARPIGiRmE pirsnsHHESio ARt Y ( S?(Qt%gctl onis

enabl gd 9TA thhenSitsleaintd;paef erably indicated in the
beacon). So under these conditions, the TXOPw || not

be truncated by the owner even if it has nonore franes
t o send. This also applies in general to the case of
a systemw th several node33 (nore than two). [0074] A
STA, on receiving the CF_End frane (or MPDU) with a
nodul ation corresponding to its node, can update its
NAV(e.g., reset its NAVtio O as follows: a. The
station updates its NAV after verifying that the BSSID
corresponds toits BSS (i.e. the BSS controlled by the
AP with which the STA is associated). If the BSSID
does not match, the STAdoes not update its NAV. b. In
sonme cases or inplenentations, the STA updates its NAV
regardl ess of the BSSID in the CFEnd frame. [0075] A
third preferred enbodi nent of the invention defines a
mul ti pl e node PSMP sequence for a multiple node
system The PSMP sequence of prior art is designed to
oper ate for a S|ngle nDde So to apply the prlor art
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one STA in each DLT; (2) all the uplink allocations of
the sane node nay be |unped together; (3) all uplink

wahkbaoaidisens are made after all the downlink PCT/US2007/000027
al |l ocati ons (Fig 17); (4) the order of the STAs in

the d |nk | ocat.ions eserved
upl | nt%m% ﬁ&&’é&‘%ﬁ%m@ﬂa on EPE/S cofnﬁ vail 1”I\%WV %Hr]ts TXOP
Wwlendhé STAd6es18 havwd zmycﬁirthémidthﬁ) ggnllt i pl e node PSMP
franmes may define downlink tine (DLT) allocations and
uplink time (ULT) allocations. For exanple, a DLT can
be f a21. owEte myetBodUbs i felditne20; awleerein dinal Icleaptdiend WOTSs,
ordln ol this third ef erred, .enbodi

F ek R LR R g LA S i
ugingeHIBO C’B-‘B friaives amathecsatmd msoda neing apaBTBCtGESfrahes he
devices is possible.[0078] The nultiple node PSMP

frames may be separated by PIFS or other tine
dur at?2%n, Theghethed REFS ¢(lRmn| |Rde dviiendinrther 3ie ispieaten dhe

_afgmge 66 T ReR et i %ﬂrrﬁbfi%g s%x&]&lg@ dof a&g&s& freb Q@%le:ni

resent 1 nvention na
tfmmwg aamoduiaiéonghatothe STW is hsmmiftthwe@amTXQPmn iyt

sGﬁic%WoélloWﬂt' ayer, medium access control, and
network layer, as an application specific integrated

circuit ( ital sj ogessor SP

Sof tveke. Thnahispak dii & (5RO, AERa, e TUF gnbicates the
hamgmtlwmray@tﬁﬁsf 18 TXOPY Wbrdihg!s Qo8- Nulldifind. €sour ce
managenent (RRM) and a radi o resource control | er

(RRC) g4 [ 09&9&&%{%% LlQ e?ean £ Thd e the
t he present -invention are esé in the preferre
enplttion ot $rvinnatisgr of ibUTEOP dxvrﬁ@mhag iaon $ypec apediwm tageess
Q:Bnt%ﬁﬂﬂﬁ %k be used al one without the other
features and el ements of the preferred enbodi nents or
in various conbinations with or without other features

and eps mehs nidfholl R iPABREIY, whBMEHhie emmamﬁ of@hﬁrwilﬁ»n or
provided in the present i nvention na nt ed

itFneationefithe FXQP bsgp%awreéqéfbmm @her&Tf%uaﬁmawrka erhHry
abefiNeAv) fased. conput er -r eadabl e storage nmedi um for
execution by a general purpose conmputer or a
processor. Exanpl es of conputer-readabl e storage

medi ugg | Mab Bdhod ak BRElai RY, FORABY YmbIRY:, a random

access nenor a.eglster che nenory,..

S conduCpUl TERbYG DR ShegRRERen M doatiine ot dbe
ITHGP, Rt ARaesiink mkRiphanOF Enddaldsan dil sigsported modes .
magnet o- opti cal nedia, and optical nedia such as

CD- ROM di sks, and digital versatile disks (DVDs).

[ 008127.Su H‘hahieehopimﬁdeimm svhiereinh thbghe byltiyde mofleseragigtiof,
SR B PYAGRE AAREESR R SREE Rl PRI Eving s o
processor a conventional” process gnal
pEuﬁfws@fror@ DSRTA laatyhungathS,SIBfWhHr@n @lpﬁrﬁdﬁmsbmké ChBHad
ok EudiliGF PRTBEARPERT ol IBE AT

core, a control a mcrocontro |cat|on
Specific Integrated Grcuits (AS| Cs) F| eI d
Progranmabl e Gate Arrays (FPGAs) circuits, any other,
type of integrated circuit341C), and/or a state

machi ne. [0082] Aprocessor in association with
software may be used to inplenent a radio frequency
transceiver for use in a station (STA),w rel ess
transmt receive unit (WRU), user equipnent (UE),
term nal, base station, radio network controller
(RNC), or any host conputer. The STA may be used in
conjunction with nodul es, inplenmented in hardware
and/ or software, such as a canera, avideo canera
nodul e, a vi deophone, a speakerphone, a vibration
devi ce, a speaker, a m crophone, a television
transcei ver, a hands free headset, a keyboard, a

Bl uet oot h(r) nodule, a frequency nodul ated (FM radio
uni t, a I | qw d cryst aI di splay (LCD) display unit, an

e .




respective node. 5. Anethod as in any of enbodi nents

3-4, wherein secondary beacons are identified by a
woeecerdessy beacon field or bit in a HT infor maPCows2007/000027

el ement sent by the AP. 6. The nethod of enbodi ment 5,

1 e 1§ < BB R LA 067 o e P AU PROSHAL

MXOTO det@fmmikipoi isiEBlen O TXOR difatedn ik heailavle for ehaicatigeby s

| at.ed th i ar . .8. .A et hqd [
sreeBribb AR Bepemeeige TFOEA%agn i el Pleartiy b 8P
BridesfdntafiahaadiF-Bnd fymt daration asaddyabe S for the tAmehtiod

as,.i n. any, of _e di pen - i n whi,ch t.h e of f.set
aigfcBriod ol e AT St e MRk e hE Baiag
cloeatipea hsertey betweed\the ABendXraeeédiod as i n any of

enbodi nents 5-9, in which fields in the secondary

beacon are identical tothe corresponding fields in the
pri me2%y b&Faeowrtiedasjncldio26awhdrpipstsinghe mpds igbeihg eded insa

uni.que_t q.t e . . . .
Sr Sttt 5B ARRRLoRARRAE urbher R A Aending
daGBrend fragwiupbe teceifvingtheindisetionefithe trameationiof thedFQR.cal
to the nulticast and broadcast data sent after the
primary beacon. 12. A nmethod as in any of enbodinents
5-9, $h whhemathel axboelaim Y6 uhersin onecipagr time;) klodgscode
t(@?ﬁC%f—EﬁﬁEﬁi dnd ohl ﬁ?d'@ﬁ%} cFEndrdRe HedeRByithe APYnd
enbodi nent

precedi n , further conprising: indicatin
tegh of the GieExndbirRmey g7 Gerazated by ﬁﬁb@tmsg%%?wms @%‘%&1
it ion for nmultiple node operation by a nmultiple
clear-to-send (GIS) protection bit sent by the AP in a
hi gh t hroughput (HT) information elenment in nmedium

accesgy.conthi aletKdRGIn cldith 28] WBerthl &4RH ofthe EFLEME fod@hds als,

further _conprising: startin sm ssi on
SepRRtadhvia Tedusedbytefiame spa %&\?&“&I ﬁ?g‘”ia@ﬂ’&rest to send
(RTS) frane transmitted to the AP. 15. The net hod of
enbodj ment 14, further, copprisj,ng:, sendi response
from $he Abetr msthad,@f yifeL tsqspl‘ﬁh@?@ ftﬂgn& g e
N kchév e @fentind X KIetord Sending tWh CBEddfearfeES frames are
in formats that correspond to the respective node,
including a nodul ation or a |ink configuration.17. The
nmet hog3.of AemdetshidnfontmdlGplel modd iopdratibre ICESwirelese nelvork

¢ rat f e stditaded ) .
AEPERR F het dieopeit PR R Bl bPiehd b 36 Bh Bt AP 2
imode iatiefingpdtyahe 8HA'a setavodi Bak, dhSwiethofl comprisifgir t her

conpr L1Si 0 A Hﬁ“& ﬂD@ﬁﬁ; and sendi ng
t he fggﬂgg#g&gfgne |%na pﬁo esyexcept in the node
bei ngthesAl trhosmittieg dgt@Rndr ot ect ed by the STA. 18. The
met hod. 0O i s ool o i :

Fes ot AR FRRER b ol U At Sl PhGEACAT docs ot
fhaveany datego saide net hod of enbodi ment 18, wherein the
rel ative order of the CTS-to-Self franes are
arbitrary. 20. The nethod of enbodi nment 17, in which
the AP sends respective CIS~to-Self franes and the
relative order of the CTS-to-Self franes are

det ermi ned based on systenssnd i npl enentati on

consi derations or based on priority assigned to nodes.
21. Anethod for nultiple node operation in an | BSS

wi rel ess network having nultiple STAs operating in
mul ti ple nodes that are defined by a STA s |ink,
conprising: a first STA sending CTS-to-Self franes for
each node of operation to indicate protection of a
TXOP in one node for the first STAor one other STA; and
sendi ng an End-of-data frame by the STA having TXOP
protected once there is no nore data for transm ssion;
and rel easing the remai nder of the TXOP for access by
any STA. 22. The method of enbodi ment 21, in which the
position of the CIS franme in the nultiple CTIS franes
response fromthe AP is first, last or as determ ned
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protecting a TXOP by the AP by sending an RTS

followng the multiple CTS-to-Self frames. 27. The
wortdtodias8 enbodi ment 26, further conprising: sendiSmg7/200027

CTS frane by the STAI n response to the RTS. 28. The

met hod of _enbo nt .26, .fu r conpri.s :

The Gt BOGEELAD 42 ity 13 NG B ARToos fosith e

beinsgissis ¢k haltiflh €FEXdPrapies reall egppoited hodd?. 29. A

met hod as in any of enbodi nents 25-28, in which the

multiple CTS-to-Self frames are in an arbitrary
rel at3sve Diiciasthod s inthatm 3¢ vherdirnthe APisendsvan STBG CFiEnd

ich the rel ofth [t

e g0 e pin AL TR e, vtk Piimia el ornd frame,
I mpl enent ati on conS| derat i ons 31. A nethod as in any
of enpodi nts 2
or delrrg%Of e ?ﬂ’g 1 ?@rgavrvrié%m}ﬁdslagh f&?ﬁ)ﬁ?gﬁ?g\gg Y
pepapatied Py asshmgmmrﬁammmaesg @GIFSduretitrod as i n any of
enbodi nents 26-31, in which the nultiple CTS-to-Self
franes are separated by a tinme duration as determ ned
by netfwor Bhé method gs ingrim BR.avherainthe Gt-Endframegarpegntina

X B e RO o et mg o TXOP by the

AP by sending a CF-poll following the nmultiple

CTS-tgy SeJI‘E &Eﬁﬁﬁ s intfhim BB & iEREiR Ok RV RAITEAY frddes
in which i [tiple CIS-to-Self frames are separat ed
bwd%tertrmned@l@#fawlan as determ ned by network factors.
35. A nethod as in any precedi ng enbodi nent, in which

the AP transmts nultiple CTS t he

it %t T R g i B BT Sherein 08 CF I RS Hydbapame
Ik AR Eoh tuRed RRTteRmifpnSTA S ttaistidsion dppauiGiitys @XOP is
36. A nethod for controlling nedium usage during

ﬁtﬂnﬁmﬁﬂ@ﬁﬁﬁﬁe operation in a w rel ess network having
an access point (AP) and at | east one station (STA),

En” (16 et SePeag i ey B irerminaveliofs ERRi-RRh GRRTE©

liayer, the CF- End franeshewlth transni ssi on f or negtwork.
corresponding to the nodes supported by the AP. 37.
The met hod of enbodi nent 36, further conprising: using
a tinsl.gap hethudefor trindtiplel mode epe@itidndh far wirelesayvingtwozk

dur.at.i on, as _.det er m_ned
ORba R R S et B O PR & e 355 Oefon f Smere o
anederis deﬁx@d byehea'ﬂA’n getomoviskink, T0ORethpd comprisieg:vi ng an

End

i s B Mo Gy £ Rabiifisiiashilaturt) (rkOPEGRAE
TG & bong btk dllecktien vactoe DMV et ect s unused TXOP

usi NguGalp bAh ﬁ%ﬂ%ﬁﬂﬁﬁ‘:@ﬂg%& Afg does not have any

data to send as I n any of enbodi nents

38- 30theiAP extthe B4 sensing amoruientien fred @5‘%’3&‘1 frpmevhep ghexjd
r&%ﬁg@f&a&&eﬂoﬁ!ﬁgw&ﬁm@a&%eg@ CF-End frames to allow
stations to access the nmedium 41. Anethod as in any
of enbodi nents 38-40, in which unused TXCOP is rel eased
where the AP initiated the TXOP and is done with
downl i nk transm ssion and 8®es not expect any uplink
transm ssions. 42. Amethod as in any of enbodi nents
38-41, in which unused TXOP is rel eased where the AP
initiated the TXOP in EDCA and is done with downlink
transm ssi on and does not expect any further uplink
transm ssions. 43. Amethod as in any of enbodi nents
38-42, in which unused TXOP is rel eased where the AP
initiated the TXOP in HCCA with a CP-Poll and is done
wi th downlink transm ssion and does not expect any
uplink transm ssions. 44. Amethod as in any of

enbodi nents 38-42, in which unused TXOP is rel eased
where the AP initiated the TXOP in HCCAW t h a CF- Pol |
and receives an End-of-Data MAC signal fromthe STA
45. A nethod as in any of enbodlnents 36 44 in whi ch
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transm ssion of the nmultiple CF-End franes sent by the

AP to release unused TXOP is in an order of priority
weaocasesssi ned by the network configuration. 48CT/TiSe007/000027

method as in enbodi ment 48, where the order is

dynam ca ed.. 50, metf hod as j.h a f

enbodtne r#]é e ﬁ as i, claim ﬁﬂewb?rleg’r &’F;}‘}g S?DE% 3%8}1 GE-End
frambs afRidgipeshet STRG CPrDoEfamy ppd bhe dobFTBACH Ehdufirakne

g-érrﬁAg%tﬁhOd as in any of enbodi nents 48-50, where the

PR are corresponds to the node of the
current TXOP and the rest of the CF-End franes

corr i Ori f th nndes

met h nﬂ)éa g?(ﬁ%ﬁg\fl gaim Vglfeé‘fﬂfl e rern mlng%){%)?deuratmn
aﬂrdvis'fbisenﬂiagrtﬂeﬂuaﬂrﬁi%Enderamsqaondl ng to t he nodes
supported in the systemis arbitrary. 53. Anethod as

in any of enbodi nents 48-50, where one CF-End frane is
i n a4ftor riite methodsyio nkim 43, farthéreompisingdetermdniog thas the

TXOR LONS
Sy AR OE AR i R REDER AR oy oS AR
nfttie foﬂmmgwani ifthe reinaining ddragion pfrtha Ak Obfis @ﬁﬁ@tﬁh@@ i-‘h%
fandfer \ﬂg 8 Bl MEr AR PETRE BFS QEnqll’laa.lnTe%gﬁloﬂe& YL STRISERY
an exten ran e nole and a normal range node, in
Wi Stamereé aBmown dafic sate, 4nd tye HIFS rhm@baeae ti me bl ock
code (STBC) nodul ation for the extended range node and
the other CF-End franme is sent in non-STBC nodul ation
for t#e nr witelesangemmunisatian . syaterpt spadewred; ivitthy MoC
8 WEOS \ﬁ)goéélpro{e%&ﬂq@fr TEOP RS ShfDle fxﬁﬁ@svbfﬂﬂ)e{%ﬁohhe
At CF- End franme; and updating its network
a¢mmsamg on vector (NAV)in response to the received
Cg)lﬁfaﬁﬁeof s@aﬁlonyfﬁl'@ Bfﬂéi‘ﬁituﬁg in@ W0 Of hldBs uppbrted nedes;

e frame incl udes basi c service set

AE&Ntification (BSSID), in V\,hl ch the STAupdates its

glAvafe{neﬁéé@Js Borht AR hf'b%hﬁé-rﬂ@d Bsardal lﬁl‘ﬁg:hﬁrs [@Eﬁﬁiﬁo §eﬁb’lt(G:TS)
asi c service sef t IS C ntro e t.he
Frammer, qaﬂéﬂ%ﬁﬂ&??@%@%@ AGPRECIYE 900 R RRtteA B t@r sythent

enbodi ment 55, where the CF-End frame includes a basic
service s i dentifjcat BSSI in which.the STA
pante ;e suRom arglain b 8 Bert i S piey e BRG Rephed
€04 rappardsed D(RTSS flaariby as8TA/i ce set that is
controlled by the AP with which the STAi s associ at ed.
58. A nethod for controlling nmedium access during
mul ti47l e 'nmmrstepmsa'h claim 4'151 wheneinr the 84 isvenfigirkd tosndiepte
gu ower .sa (PSMP) franes,
(sgg | g%rr?élsmis)scselr?a‘”hen\é 7t r? JJalt;%?DS%Eq“S-to sel f franes;
sending nul tiple node PSI\/P frames; and sendin

mul t 4% e Hevieystrsnal rlmn &harbersm the' §TAsrnds §§P6’i‘?§t1°‘5§"ee

OF)-0Rd hede &fr tRohRtagBAt 58, in which the PSMP franes
efine the schedul e for the Multi-node downlink and

uplin 0 e nul 1d

sequetice @E?se?'t em° %ﬂ)m %1 eﬁe‘atasﬂ% en‘g&gl renndyme,
Sﬂamddulmimnhhatrthem&’sﬁmmes define downlink tine
(DLT)al l ocations and uplink time (ULT) allocations of
the stations in various nogles in any order as

determ ned suitable for applications and capabilities
of the devices. 61. A nethod as in any of enbodi nents
58-61, in which the PSMP frames are separated by a
time duration as determ ned by network factors. 62. A
wi rel ess communi cati on system configured with MAC
mechani snms to support protection of TXOP for nmultiple
nodes of operation, conprising: a plurality of
stations (STAs) operating in tw or nore supported
nodes; andan access point (AP) configured to send
multiple clear-to-send (CTS) franmes, each
corresponding with a respective node supported by the
system 63. The system of claim 62 wherein the CTS
frarres are sent |n response to a request to send (RTS)
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transm ssion by sending any type of MAC frame. 70. The

systemas in claim®62, wherein the indication of end
wohod7ramsai ssion is interpreted by the other SPAT/US2003/000027

network allocation vector (NAV)reset. 71. The system

as in.clajm62, wherein the, AP, send | t.ipl e, ,CF-
framdt’i AR Peteph BE MR Aogbeim i I8 drfibdies vig g o
tradsmizbion by edndénpth Q6S-Nullfsamessi on. 72. The systemas in
claim62, wherein the CF-End franes are separated by a
short interframe spacing (SIFS) duration. 73. The
syst éih asThensysteai ofi @@&m v wheretnhihe GTACsrndf therBoS-afudl
nt .i [ [ I. pacing (RIFS) duration.
%%?mfﬁg s;@?@ﬁ??@“fﬁégﬁéfﬁﬁgﬁi wherein the AP sends an
acknow edgenent (ACK) before sending the CF-End

fra . f ' (=T

S endo2norie BAEE SELEE O, Gheid bte WORLARLD s tnd of
traasmpisciopbveending anydypd efiMAQ fiame. 1. Anet hod for
mul ti pl e node operation in a wreless network having
an access point and at |east one station (STA) where a
node 83s Bl Awstemyyast Weclaipy 4, whergsn khe jipdicationnefy end ply:
$2RdhgioA if ﬁft&%‘r‘été&’ﬁ% BRAGRE: SYAL BEa RERASE aldabibn fedtor
each node suppoOrted by the systemin a format suitable
{NAVheesetespecti ve node; supporting nultiple clear to
send (CTS) franmes in node formats corresponding to the

respecti ve nodes; and sending a nulticast/brqad
dat a Hor EhrIsieaLRs 18 6laHe Alathasgn St PRI Ble CHritnd
RLQJind 811 | ShipHdrddMibded Rip¥hlireébingr tHe idiicaSion edfadnd of
beacons transnmtted is identified as a prinmary beacon
BUADSMERIORar y beacon field or bit in a high throughput
(HT) information elenment sent by the AP. 3. The net hod

as i cl aj 1, wherein ihe heacons ipncl econdar
beac %’r‘l”s ?hg% Y Helft ic‘t‘a?lﬂd&oyw ereip g ﬁ?@“@e@%’%ﬁs are
sbirate@ by Rishort intarfidnd spheihgSIFSNdwhtoent sent by the
AP. 4. The nmethod as in claim3, in which the

secondary beacons are transmtted with a tine offset
Wi t h geef eThewysteinasdn tinine 41, sfheremihe CREndremessirh sut fsa

i n,cl i n_whi i reference is related to
' fﬂgmﬁ$uﬁ%$?nﬁ33%%W§&%£§$ﬂgm%%'hod as in claim4, in

which the tine offset is determ ned based on system
consi¥er aThongstem  aFhdnneleieddhs Wherdr athe AP | seodhi ¢h
L0 d18R e REASRTK) BefBreCRAfing Wit Bnd WebhRE) par anet er
dynam cal Iy changeable by the AP.8. The nethod as in
claimd, jp which fields in the secondary b :
dont 1 al B SPHER oot S ey PR e ST g
Featoindone @ph-STBC GF-Endéatenp fiel d which is unique to
the secondary beacon. 9. The nmethod as in claiml, in

whi chsd he Ambinb@ 36 bdptRANEASEAIAL Asdgb ARSHkthelipdf hele 2
secondary beacon is identical to the multicast and

operadiendt aderaless dRtwork deyingie qseashpipt HERBN. at1eRst PR
qggdyyqsgg)ganﬁﬁﬁﬁ%? 3, in which the secondary beacon
includes fields that are unique to its node. 11. The
nmethod as in claim1, further conprising indicating
that the network supports 3l tiple node operation and
protection for nmultiple node operation by a nultiple
clear-to-send (CTS) protection bit sent by the AP in a
hi gh t hroughput (HT) information elenment (included in
t he beacons)in nmedi um access control (MAC). 12. The
met hod according to claim 11, further conprising:
starting a transm ssion opportunity (TXOP) by the
STAWith a request to send (RTS) frame transmtted to
the AP. 13. The method as in claim11l, in which the
RTS frane is sent as the first frame by an initiating
station in a network link and a CIS frane fromthe AP
is addressed to the initiating station in the same
node, further conprising: AP sending the CTS-to- Self
frame in all nodes except in the node being used for
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Self franmes corresponding to respective nmultiple nodes
supported by the systemand the relative order of the
wQEBT1081688! f f r anes are determ ned based on pri 8CTiUE2007/000027

assigned to nodes. 18. The nethod as in claim15, in
whi ch the CJS are r t hat espond to
the res pé&?‘?li?%{’%ﬁ’de&’ 1PER1‘F‘}P3 ’ga ﬁdﬁ? g?‘il @ﬂ{ %P‘Bg“\n?‘ﬁk
ﬁ%btﬂtiﬁﬂicssbé%l 8 contidl (Mnel lb@dkfhﬁrcmhd frpines wluﬂersampmmjtoho n

nilB tmor avin tiple STAs
baRaePREaeHingH B FBtH BRSO RHLE eddtet P ned by a
STA' s i nk, conpr|5|ng a first STA sending
CTS- 68- Sdlltfe thetheress if glain §8Hfuntbeeceatprising: at i on to
i ndi cate I

'&Q'{ Qélﬁ% d Ed ’?f(%_l_ ,&R ancél{?ing gﬁ ERRYEDERMAB Signal

first ST d sendi ng an End- of - ata
ﬁ@rams'lb’ythahenmdMTX@PTX@ protected once there is
no nore data for transm ssion; and rel easing the

r emaignde rTiReimdthéel abXORafn®60, aCwBEE uhysearxy(@Tlé\rel&@ed after

or tr ssion i,n a wre
R ert s REROP 3o ShotgeBoriop Apd AT trclperaamy
adie t6aidi on (STA) where a node is defined by the STA' s
network link, the nethod conprising: the STAobtaining

Gat o800 MRl RRGA LB b0, i {HcRkinnRTXBPAL EAREY ddmng

Asendi ng an I ndi cati on
ey necqvers the mediumemdisenis iF En@,ﬁm@}mﬁﬂe‘ﬁ S&ahensst;trﬁcceiﬁe s
any further data to send. 21. The nethod as
Inc alni20 wher ei n dual clear-to-send (CTS)

v Riuecthamhe it Snigthd, By rees B3 RraRised e

ﬁléQ\Emﬁm’téﬁ e A OP<ind gs dune wHhBowakik traasmission 2nd ddeenot
od as..ip,claim.21l, wherein the STA indicates the
%ﬁﬂq?HnEP“PPﬁﬁ@%?ﬁon of its TXOP by sending a

contention free (CF)-End frame in a nodul ati on that

t he $%Ai sTheghethod 4s in Hlainy &yin whiekyuusebTHQP inrplgpsefl yhere
'\aﬁer &ﬁt?aﬁﬁd {2 TROPAWEDICA £rd-is ddMR Wi dbRGLAR triaRsrib b Brd0.

elnt STA indicates the conpletion or truncation
ddes inpkexprepany fusteniepipkdrapsisians. frane. 24. The.
met hod as in claim20, wherein the STA indicates the

conplest i Orhedhethéd d3@Rélhi@n60)in which ﬂ'ﬁ(@’d *bX(OB mdiea@d amhyre

FRECAT o TR o OERHER ST g P e i o

tranghission and dods monepbdt @ny mblmlhe'aiiétﬁﬁsmms [ nt e r preted by
the other STAsas a network allocation vector
(NAV)reset. 26. The nmethod as in claim20, further
conpm®bsi rhe rigibed asér ehipt 60 in whieh imdied EXOB i refeased where
T il B TR0 A il o P el AR TR S
NH%Jﬂemﬂdwnmmeéﬂatn126 wher ei n the t he nultlple nndes
consi st of an STBC node and a non- STBC node, further

%'OI'RE;G? S I’] Nhd Ih?;h&? aé:s iii%&:ilﬁq@w uﬁwﬁﬁﬁﬂ;ﬂeb\ i futvipte CFER fidmes
ching its ere s
e¥e setb sfﬂﬂgréé’swb%*?eéfm’ohe sgn m%ﬁaﬁa

Non- STBC CF- End Frane. 28. The nethod of cl aim 26,
further conprising the STApith protected TXOP
determining if sufficient TXOP duration is avail able
for truncation by assessing whether the remaining TXOP
duration is greater than the sum of an End-of-data
frame or CF-End frame duration used by the STAfor the
truncation indication plus all of the AP's CF-End
franmes and any interfranme spacing durations inserted
between the CF-end frames. 29. The nethod as in claim
26, wherein a single node is being used in a system
capabl e of supporting multiple nodes, further
conprising the AP sending a CF-end frane upon
receiving the indication of the truncation of the
TXOP. 30. The nmethod as in claim 26, wherein one space
time block code (STBC) CF End frane and ~one non- STBC
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transm ssion is multiple CF-End franes in al

supported nodes. 35. The nethod as in claim 34 wherein
woOher7AB1a88nds one STBC CF-End frame and one noRE€ETRED07/000027

CF- End frane, whi ch forma dual CF-End frane. 36. The

fr alprgg %h?%%n%%s%%’ma sWo‘ﬁ"eﬁ : o;ﬂtl e Cﬁé’g ?ﬁaénes

L%IsER) bydihé AR torthe &fent Thet aswidngdis asn beseplt hefmefiﬁe current
*gﬁgeiq t he CF-End frames are sent in a reduced

*FPAffe spacing (RIFS) duration. 38. The nethod as
in claim33, wherein the order of the CF- End franmes is

det er aril I 3,
wner &n tihe st 8 e W0y i WE T AL ARy LP ape e
fuersebt lynthei ASS whers ailror tsdmee Qflthﬂ smiltigle 6F-Bphlormesviapgot be
&%%95305%% c&ﬁgﬁ{ﬁ%ﬁ T}Il%%,él})(}ré%&gg}?%}?ﬁ?éﬁ%ﬁ% télﬁb the
TXePnet work. 41. A nmethod for nultiple node operatlon
in a wreless network including at | east one access
poi nt_ ( e%Jhand at | east one station (STA). where a node
i s d&Pi nethaypethpd asinclaim G0, \‘M)Wklchlntﬂltlplle -Fed fragpes are
CONBY td AB 1o téﬂeaséﬁn&%d TROPS fh APsREIURBioAL) a{saiéﬁéﬂnifedo n
oppoftunity (TX while using a | ong network

by WWQ}#OO@@"@F IQNAV) ; the AP or the STAtransnitting
data; and the AP or the STAsending a contention free’
(CF)-End frame_ when the A r t he oes ., ave
any data TRp @@iﬁﬂd@n@ﬁy B"othﬁgr h‘sg "’iltf chiheea
wherein the AP sends dual CF End franes |ncIud|ng one
STBC CF-End fr and_an STBC CF-End aftter
"SI 8. s PO SR oY ThaHoRs (B PTG SFTRSs 0 thet
whesRE Ro tHeamé B BipHortgd By<EiR mtwaki on al | ows for sending
the dual CF-End franmes. 44. The nmethod as in claim43,
further conprising determ ning that the remaini ng TXOP
dur at73on 'ghé a@hdd s Sianeaing 70| atheGH-the dirst HFeindo razate

| east o f the f.ollow f the

efir PO o ph BB e ey et s rhilar SR TR R tnes,

toragspoiitocthe priprity obilieGnéles.End frane duration, a

non- STBC CFEnd frane at a known basic rate, and two

SIFS durations. 45. A wireless comunication system

conf iTur efhevnethol/iCnrrisdn 40, whrege the osdgebibe mpiléple £F it

%Irames {bondliL td %oﬁ%gsm@em%@tﬁmn isSGOpRGER1 No: a
uraI]? atlons operating in two or nore

supported nDdes and an access point (AP) configured

to sepd ”’gixé fn@th%d %é £ B0SF R e bfd OF-Hnld 3R is 8P HArmat

correspon respective node supported, by the
egage-@nmdme to th @Ody thtbm%'fené T Om smsh b phe mediyra ixopeped
u&>8t'JEa‘i1 ﬁﬁﬁo&eiﬁerét{hgr ASReNER8dd Anfl {HROAMSE D Ehst fbIeS)
frame by a 47." The systemas in claim45, wherein
©RRIreSTAi s configured toindicate the end of
transm ssion when there is no data to send. 48. The
system of claim 47 wherein the STA sends a contention
free (CF)-End franme for the indication. 49. The system
of claimof 4lwherein the STAsends the CF-End frane in
a nodul ation that the STA4 using.50. The system of
claim 41, wherein the STA indicates the end of
transm ssion by sending a QS-Null frame. 51. The
system of claimof 50 wherein the STA sends the
QS-Null frame in a nodul ation that the STA is using.
52. The system of claim4l, wherein the STA indicates
the end of transm ssion by sending any type of MAC
frame. 53. The systemas in claim4l, wherein the
i ndication of end of transmi ssion is interpreted by
the other STAs as a network allocation vector
(NAV)reset. 54. The systemas in claim4l, wherein the
AP sends multiple CF-End franes in all supported nodes
upon recei pt of the indication of end of transm ssion.
55 The systentas in cla|n141 mhereln the CF End
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59. A nethod for controlling nedi umusage during
mul tiple node operation in a wireless network having
wano@nsess poi nt (AP) and at | east one stati onPCETA007/000027
conpri sing: sending by the AP nultiple Contention Free
End ( E fr i.n a, I um acgess  contr ol
yer 767 ot Hemp R e i1 ool iy, WHe B AT Ot 1 G el amdce
cwtnveﬂspmmg argextendell eanpederde and p avined rivpetdise AR wHith one
od as | cla|n1 furt h Si.ng;.
easﬁ% ﬁrlﬁjss ?lPigrbche‘c‘éo (ﬁgﬁQL ﬁgl%t‘}?n g the

I\M{tsndgd a:}ange omoda SiaAtheh athet rGR-Ead dethndés $&DPin 6dn-STBE

i n.whi ch unused TXOP is
nE'{Dease ﬁ Peﬁhgkpi%ggdm?%cts unused TXOP usi ng
carrier senS|ng and the AP does not have any data to

Txop 12; SR tfn Ro Mt Bl !~ i b ancl

sends a 8T Ameckiving blessCF-Gnd flame; atdat | ons to access the

medi u : [ d
o e S el IR ool LI NAV] it e fihet AR
deseivesy @FrEGémmemk transni ssi on and does not expect
any uplink transm ssions. 64. The nethod as in claim
60, in which unused TXOP is rel eased where the AP

i ni ti d¥ed Tenathebph ieckianiit where ShreCHiEind fomramirichides a

t B@I&s@iﬁc‘éls@ﬁd@&ﬁiﬂﬁ% (mtnﬁmt:h ﬁ{é)S'IfAL{[ﬁdQ?efs ity Mv&&er
trapnsm ssions., 65. The neth as in claim

UYRTERe W%B$%Péa§e@°m&spﬁec SepviFaet Higt e&oméleq*knp

| the APGAItMWhithahEBTRGS hssdisted.s done wi th downlink
transm ssion and does not expect any uplink

transm ssions. 66. The method as in claim®60, in which
unused9,. TXQReiBethed a8 &eelainh @7, envlidie tINPCHIENd fedeélideiles a

oL b R b e e TRV

6ﬁ:gaxidleswhf ohethee thaIBBSTD eorfdspdmdd th iRN@SicadeeviGent that is
t ..£an. S befor he current TXOP
°°“trf’ ees‘il%' t%efﬁ’:%r’i%t‘”ﬁbcg% §f‘% isosooiat in which the

nultlple CF-End franes are sent by the AP to the
extent that as many as can be sent before the current
TXOP expires. 69. The nmethod as in claim60, in which
the multiple CF-End franes are sent by the AP where
all or sonme of the multiple CF-End franes cannot be
sent before the current TXOP expires, all or sone of
them are sent outside the TXOP. 70. The nethod as in
claim60, in which nultiple CF-End franes are sent by
the AP to rel ease unused TXOP is in an order of
priority as determ ned by the network configuration.
71. The nethod as in claim70, where the order is
dynam cal ly changed.. 72. The nethod as in claim 70,
where the priority corresponds to that assigned to the
nodes supported by the network. 73. The nethod as in
claim 70, where the first CF-End frane corresponds to
the node of the current TXOP and the rest of the
CF-End franes correspond to the priority of the nodes.
74. The nethod as in clai 70, where the order of the
mul ti ple CFEnd frames corresponding to the nodes
supported in the systemis arbitrary. 75. The nethod
as in claim®60, where one CF-End franme is in a format
corresponding to the node of the current TXOP such
that the nmediumis opened up to all stations operating
in that node until the protection for that node
expires. 76. The nethod as in claim®60, where the
network is a dual node network using an extended range
node and a normal range node, in which one CF-End
frame is sent in space tinme bl ock code (STBC)
nodul ati on for the extended range node and the ot her
CF-End frame is sent in non-STBC nodul ati on for the
nornal ‘range nDde 77 The nethod as in claim®60,
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