USE OF DELAYED CLEAR- TO- SEND AND DENI AL- TO- SEND | N DI RECTI ONAL W RELESS
NETWORKS BACKGROUND The popul ar Request-to-Send/ d ear-to-Send (RTS/ CTS)
mechani smused in WFi 5 wirel ess networks provi des numerous benefits,
including mtigation of the hidden term nal problem and establishment of
protection for the subsequent data exchange between two devices. Recently,
the same RTS/ CTS el$haTJREhAYEDEHIEAR-AMBSENDIAND MENAXE-T@-SEND BOGH?z)

comuni cati ons, which are i i i comuni cat i ons.
However, due to the natur eqﬂgkgﬁﬁégﬁig\gé'?%g%%@%&@@ké and receptions, a
new type of 10 hidden term nal problem has been introduced which is not
resol ved by the standard RTS/ CTS pr BAGKGIROEND exanpl e, when a first device
has established a i jon that
enconpasses an unrﬂel %gh@c&_tgg\%?d&&n t@§§%c@ggécg%gh%%fg%%5%%ﬁ§% third
device, thé fwirdess d@wmﬁeptlomsiwsnumr@ebgleﬁtsgnol.@dmmmklgﬁdtdncocf&telh@iderv@cmml ( NAV)
so t hat |tvvo RTS. 15
rovever, wher Tha " ar Sap i 4ihidffrolcdfor folRe R LR SRS B b ebiBoo s 1 e
RTS but the s@@@?ﬁd Reesnitlg ¢halppes RTchCT&mh@g@hm@e@mm@eedrfalymmMmsmg, its own
because 115 Gy KRy uags B LG b pec S R A e oo
doesn' t recelW@tvﬁedWQé@tné@r@@fglreqﬂpnmnbmtﬁSlOn%ﬁné repaptevasi@dice dyneedtt i ve
action, sygh f@@dcamﬁm [ﬁ'«%ol&ﬁ'ﬁab%—g& lﬁﬁéfc{%@d wﬁx&l{@ﬁot regaftca by Ik SEREMTES the

directional 20 |ink een infitiating a tinme consumng a

unnecessary %Mf%prﬁtqq@{ EperamplenvheRRIfER dDESIRF PR COR dIF%EOBFQAW NGS

Sone enbodi MeRts, éazonhfa%mgratrk&len mven@&nwg%e 5§a&99temﬁna€aw£er hmeﬁe&st he
fol |l owi ng deSCI‘I]ptI on and accorrpanﬁ\{ietn draw ngs that are used to illustrate
Vid

enbodi ment s o RISdranhihatihirddevicprihg Megys:to sesrfsgNetwork Wlggationo  pai r - of

Wi rel ess conmymios A O odRy iiGRD (UahdMd: aifnhg%lu%%lenéd é@gcﬁfedqﬁ%{ﬂ’fﬁ‘g to an
enmbodi nrent of the invention. shows a timn ram of an

exchange 43i ffpvavereVhspelr @Teé%ﬂmllfﬁl“s‘@ﬁ*dthdté&%@%ﬁeh@e ﬂ?ﬁe%ﬂg%%% tignt of the

i nventi on. sccond devicefdo8 nod H{NQWRd @e\hééﬂlﬁgraql;rﬁigft@(’;erlf(T@f@) RXERANRYR USI Ng a
deni al -to-send, according to 30 an enbodi ment of the invention.
but the first device cannot transmit a CTS back because its own NAV was set by the first

RTS. When the second device doesn’t receive the expected CTS, it may initiate unneeded
corrective action, such as repeating the RTS several times, and if it assumes the directional
20 link has been lost, initiating a time consuming and unnecessary beam forming operation.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention may be understood by referring to the
following description and accompanying drawings that are used to illustrate embodiments
of the invention. In the drawings:

25 Fig. 1 shows two pair of wireless communication devices using directional links,
according to an embodiment of the invention.

Fig. 2 shows a timing diagram of an exchange using a delayed clear-to-send,
according to an embodiment of the invention.

Fig. 3 shows a timing diagram of an exchange using a denial-to-send, according to

30  an cmbodiment of the invention.
Fig. 4 shows a diagram of the format of a delayed clear-to-send, according to an

embodiment of the invention.



Fig. 4 shows a diagramof the format of a del ayed cl ear-to-send, according
to an enbodi nent of the invention. Fig. 5 shows a diagram of the
format of a denial-to-send, according to an enbodi nent of the invention.
Fig. 6 shows two w rel ess conmuni cati ons devices, according to an

enbodi nent of the invention. 5DETAI LED DESCRI PTI ON In the foll ow ng
descri ption, nunerfogs sspecd diagargef the fosmaro€a detialfi@sdnll, actdodiey®ran it is
under st ood t hat, enbodi f the invention may be practiced w thout these

nts o
specific det af‘fl%O%mileﬁl 0 Lelrmfn(rgfg‘%'ances, wel | -known circuits, structures and
t echni ques have ndiig. lbebswsshvowrnreless @etrainlcations devikes, an@bditOtoab sabisdEman

under st andi ngmch]e itn{)immcltlescri ption. 10References to "one enbodi nent”, "an
enbodi ment ", exarrpef e enbodi nent”, "various enbodi nents”, etc., indicate

t hat the edbodi nent(s) of the | DEIAILED BESCRIPAIONed may i ncl ude particul ar
features, structures, characteristics, but.not.every .e iment. .
necessart 1y | nol udedt e ERERER) Fhhipi o Qb HE R S B i

char act eri st i oslerstend thhiembogiorets efitho divaeivh snagrhy phevced stheyt thakd spedfic none of
the features described for other 15 enbodi nments. e dn the fol | ow ng
doscr§ ption s o ehatt aRh R T Rl TP T ang sl e RS 't

t hei r deri vatshoes jn deeyl ibherdasedto dbscustrauinderiyendingdé riet deoatiptiat t hese terns

arc not intended ne f ach. af her ther, in particular
enbodi msnpg), "con?n%ge?ea&qig?nﬁggléocﬁgegﬁd%‘g%?%dﬁ% ’t%&@reerflréor e el enents are
in direct phy$kdais cobodinewt’t ttcaindicgnthacthe wnbdiidit(@ad theottretion sb@esepbad” i s

used to indic t 0 re - [ wnter with each
ot her, but th@‘Ii lﬁgg&&a&%@u 1%%@‘% E’gtrlgéﬁl?rg;? Eltec a&gtﬁ@@?bégpt%gggvecbe% r ?ﬁ&éaf‘t cont act .
As used in t hecobaibmecludmitegsristleiwise sspeoty, pedatberisiise Forfther lvemor di nal

adj ectives "fj e Cn i rdr . esarl ommon el enent,
merely indi cadtﬂ{eb%?_ at tbg‘?& ? g%ebﬁgtnc’ia#\é(grglr?téce(gfttg?&Tt?rg%gcgfrgﬁ%%&)ﬁg?e bei ng
referred tl6, crddiarcetsnot intended to inply that 75 the el ements so

descri bed nust beyig, ﬁoll%v@%e&ﬁ%@%g cla@kst nger&gi%g@@d”l ahd <R citeﬁl”l y, in

ranking, or in any other nenner. rious e iments of the invention
may be i npl erémgedthitheigivevasivesamgy bomtsil nlishoohl wfunastoeatha thebé crmsearenotand

software. Thendkikeal &Rt MRohSPolé h%%{?%@&ﬁga%ﬂoﬁﬂeﬁg,C‘tci)ﬁ{}ae&;qg't SR

in or on a conputer-readabl e storage nmedi um _ ‘
used to indicate that two or more elements are in direct physical or electrical contact with

20 cach other. “Coupled” is used to indicate that two or more elements co-operate or interact
with each other, but they may or may not be in direct physical or electrical contact.

As used in the claims, unless otherwise specified the use of the ordinal adjectives
“first”, “second”, “third”, etc., to describe a common element, merely indicate that
different instances of like elements are being referred to, and are not intended to imply that

25  the clements so described must be in a given sequence, cither temporally, spatially, in
ranking, or in any other manncr.

Various embodiments of the invention may be implemented in one or any
combination of hardware, firmware, and software. The invention may also be
implemented as instructions contained in or on a computer-readable storage medium,

30  which may be read and executed by one or more processors to enable performance of the
operations described herein. A computer-readable storage medium may include any

mechanism for storing information in a form readable by one or more computers. For



30 which may be read and executed by one or nore processors to enable
performance of the operations described herein. A conputer-readabl e storage
medi um may i nclude any nmechanismfor storing information in a formreadabl e
by one or nore conputers. For exanple, a conputer-readabl e storage nmedi um
may include things such as, but not limted to, read only nenory (ROM;
random acces sem;rbwoo(r@&fd) readitprsatrige nohidgikn wéyoinagde things sucilmebut @ptrhidiiwkdr el ess”

may be used tg desc r| be cir C{jev ces st echnl gues,
cormuni cat i on$’ c?ﬁdso el'g T 13 }QHMB rﬁn Omca(%?ﬁ%fﬁlc%% éﬁghtj mﬁr}aw dsgksorrrﬁﬁul ated 5

el ectromagnetic rdde wrdewblhrsOmgjnb@.ubaabw-@sﬁribdc1[’®d$ ldmlceTJ‘BgstéreS’ metods not

iS gany emg‘:ﬂl ?re n%h%lsqt%(%)sc E(?‘r}lglgrh(?a Lgrllscc%ar}&ep nt ggtgc%%il%{upnca nXat%%gsrsnh mo&ullqa? W9 Ihelag ¢
one ant enna, ad:ctrbmagtetl@uaélan@dhmpglambnaa)hdi eadtimofike prnodes wtnmpkynhht atc | east

one nmemory, V\Q?orcf" rE'ingeascciio not con 2 rymt/ R hrgs g’lrlﬁolugw% fsl&g%.] g’f‘h""d“}?‘ﬁ‘%%?%gnr‘]‘%etsgﬁt

represent data’ and receives s gnal's e ant enna
data, 10 whi |®tth®’llpf6&0®3$0mdﬂﬁynmtb€)@té%td:tlh@mdlatdadtﬂ(@btb)@e tald@namattee:d and the

data that has QE%@CSS(?I’CS?HC{V?%%% emgmo Xm%aﬁs?mg s%ﬁﬁ&%r FL' r data

which is neither Lransmti nor rec |ve or conveni ence o erence
within this docuomethtt reeecht dajaped @sesvetssmmmhmgh dlnsntdmmtl@ermcrbéath abel ed as

a STA, bUt r\%%@%& p%ct%hs%Fﬁ%éﬁFeB% 85& kﬂ% u'aHs‘ﬁ?Réd d 4 0t tt%rd%tarﬁ%ﬁ 2%5 b'éf}t ed to

devi ces | so be used,
such as but rreteneil.nThagdodessoamapdid mostadthap ddtd BEV:h letl@ther taimdmgt:d hdr fall

wi thin the SGone.of rd e, AL RS0l BXSALL e wireless WERI D the

context of this docunen irectional transm ssion means the transm ssion
is relativel wosmmnglqnﬂdmm nghiyrbe dabicloth aseenBil A dbathé vazloys welwldlrmmtstotﬁéleot her

directions, %Jcﬁh&l }rpr?ot d&nt@@g)%wfcgsq%‘aﬁg&lwmg[ UA‘l db[hgrcéong{b%tcr[fng%ﬁl tion

means the 20 recelving device Can receive sighals from one direction nore
easily thah idsobansadewel yebuenpiilivakeéivta maelile pigtidn, DEYnetk sandstifadlt ithin the

directions, ‘%&J@'o?th%@&b?d?&@xﬂd&%é1'?1@&%18{"33/ band. Directional conmunications
i ncl ude both directional transm ssions and directional receptions. A

directional |ink WNe@hsthe ¢ratext efohiddwdutes. hdivestiant abinshiedmedne thsar anet ers f or

g;gﬁcg 't ﬁggl tfa ARG TichS) R sk G fBltioh GRERTIOy WBaGR TTARFaL | ONS Wi th
" directions, within the intended frequency band. A directional reception means the

20  receiving device can receive signals from one direction more easily than it can receive
equivalent strength signals from other directions, within the intended frequency band.
Directional communications include both directional transmissions and directional
receptions. A directional link means that two devices have established the parameters for
directional transmission and directional reception in communications with cach other.

25 Within the context of this document, a “Network Allocation Vector” (NAV) is a
period of time that cxpires at a designated time indicated in a message. “Setting a NAV”
means setting a timer to measure the period of time that will expire at the end of that
NAV. “Expiration of the NAV” means cxpiration of the time period indicated with the
timer.

30 Fig. 1 shows two pair of wireless communication devices using directional links,
according to an embodiment of the invention. In the illustrated embodiments, it is
assumed that STA A and STA B have already established a directional link L1 with each
other, and that STA C and STA D have already established a directional link L2 with each

3



Wthin the context of this docunent, a "Network Allocation Vector"” (NAY) is
a period of tine that expires at a designated tine indicated in a nessage.
"Setting a NAV' neans setting a tiner to neasure the period of tine that
will expire at the end of that NAV. "Expiration of the NAY' means
expiration of the tine period indicated with the tinmer. 30Fig. 1 shows two
pair of wirel etzl;er, vompagh ST Atsi tansndesiins esd wsiphgpsdieing tacued al the dindeson eftbor di ng
to an enbodi t entl t nts, it is
assuned t hat A % 8 Jﬁg!i'% déggethaclp ﬂebé%?locintog% c%ﬁA@ i u&‘etge § onal l'ink LI
wi th each ot hédrectiandtransatssiSTAroG sihdl ASTA r@chaﬁeb @Ianceaphndeisat abAiDshaed a
di rectional | n and
receptions be%eﬁévejf-‘ﬁecb\éﬁgé m%%%? %g)%dﬁ] m ré%er ? ﬁ{f‘ teg[é%m%d sﬁ%ﬁﬁsﬁﬁ urther
assuned t hat QahQOtpdeB/B tabe thapeatssion (@écatldeeiseeoswxss dls:ced@‘hayt faart SAArACt | onal
transm ssions fro ST ) T
recei ve these tran%eﬁl‘l-géééﬂ%w(%e@gﬁﬁé i ?@yggggﬁtvagrm%qgéige%étg ﬁ\rQM ds STA
A) but STA C & icammitingreeC v ThesHowevan bedagsiod sir f(bpwauslecdtipss andcei ver i s
di rected away o] i OR, smt an
RTS to STA B, d‘%?%ﬁyéiﬁﬁﬁ@ﬁ;”gﬁﬁtgﬁ%#f§ né’ﬁ& Bt@%"?ﬁ@\@&%@gr,
because of th&T$ fromSéct.iSlés D ovatétanNAMEr t!hﬁtlev@wiﬂmniabi:qif‘jqd iISHARDSrfeyn al so
detect thi, S y: A STA D
may set |t§ @@ﬁoéﬁ% %ﬁ&@%@%@hn%ﬂmtﬁéegﬂog mtg ?R;?gt%? %%m{lﬁe’é\TA A, and
suspend t r ansiT$ aidrgl Soenfamgnfobration invecatifgNbe tme remdsmmen predt/o¢pirmd. bot h t he
RTS and CTS cqpf a 2t 9TABS bQNa kel KAk PR ol difeald D e NAY
period. In such an | st ance S'I'Lgd%)& guﬁyllseto %? S I\ﬁﬁcraﬁr@!tsmévgr ea%g ei t her
an RTS or a GYI&\ Ar dhe BFX Vﬂoul¢¢relrmvhwmedlne>@phqrewaaﬁ ShoetlysdivevardsnBT4G her
way.) Shortl yw%fch%fmlf ect él'ﬁ”lg ffo%%ﬁbAqt'ng th@g%orggécg(ﬁ&t 1&19@ dggﬁthf W)STA A
and therefore does not know about transm t own RTS to
STAD W tlﬁoutlantr?é%mlmtewreww S;il"rﬁegeﬁéélowfthq linmfumg pr&sTrce pf mu Skdrial | y
respond by prvocmp&wmm@a%mﬁ ﬂa%sa%g & @rsTfx Bsﬁu& RECALRE. & the
from e

earlier detection of an r conventi onal oger ations STA7)
shoul d not r eBpesiér getentior P{anR thfrem 8T4 /4 andan senvirtionplaperptions STAD sepld

However , undefot f8&n BR%HMB% quS b%&%bé iRVEAN ﬁs%ﬂllgés%bvp\%g ulﬂﬁérec'ﬁcn STA can
respond in a non- e DR transmtting either of two

responses. WYPRHMERT §f e ypien deﬁﬁé@élelreés P bh Petsin gyspondm a perrcogventional

deni al - t 02§ engyERTRhsmidhl eliaqen@ywm&%ds@aesmﬁn e BEE Rt ttﬁbséix%sﬁ%nmve[)-rs
and a del ayed clear t 0-sen may sonetimes be referred to as

a mMMaveCTS. #eptg derdgamend <f>ﬁ8} @«a@b@%@fmqﬂ%b@@ﬁf@é ¢ weppRYeHP e t he RTS

has its NAV sgf . dapfdtRatolbs (WTEW Whic ¥Ry Eo@neﬁﬁleabetﬂefg?re& fdigated by the
DTS. By contrast, the 25 time speci fied in a Mndl cate the tine

remai ni ng i n PRAYY§GHES. pér@%%feﬁi?éﬁﬁ ingigaessat flﬁée‘FﬂfS“e*tP@n ©rhea IRES brsvisce i s

respondi ng. |Nk$@éﬁ’an@ﬂi&9§ﬂb KRN Rill Rpikd &7 Fnl¥BYdiLedBs et DT tHEcaaiR tid t uati ons
as a standard CTS ( ., _even if tﬁe response is not delayed), since both

i ndi cate &h élﬁ}cwmcyﬁqdcsn?%‘éﬁ BEeINGicHE Beday ‘W%‘ﬁm%t?rfh‘h‘h‘%&ﬁtfioéﬁ%w ey 2
shows a ti m ng i PGrRLAke ERicEXGRABAENd Sh BehSertiRliavad, £haars har wandh

in the same situations as a standard CTS (i.¢., even if the response is not delayed), since
both indicate an ability to immediately proceed with communications.
Fig. 2 shows a timing diagram of an exchange using a delayed clear-to-send,

30 according to an embodiment of the invention. Using the same scenario described for Fig.
I, during service period I (SP1) STA A transmits an RTS to STA B, which may respond
by transmitting a standard CTS back to STA A. Either the RTS, or the CTS, or both, may
be considered as making a network reservation, since the purpose of this exchange is to
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30 according to an enbodi nent of the invention. Using the sanme scenario
descri bed for Fig. during service period 1 (SP 1) STA Atransmts an RTS
to STA B, which may respond by transmtting a standard CTS back to STA A
Either the RTS, or the CTS, or both, nay be considered as nmaki ng a network
reservation, since the purpose of this exchange is to reserve the

channel (s) fomatdatﬁectuemﬂi(bx:fbmuhmw bc@mnhmntaﬁmebbtwd@es}esetm debevisc @mce Once t he
RTS/ CTS excha t aken a conmuni ca th each
ot her over thg??&gf&frescctxc on ‘ﬂl ?a‘ﬁ?(n PES and %ﬁAass mtmhunfcmtcﬁvelghrca(\:/M
conmuni cati o n«sthduowemmelﬁmebtmaldmpﬂm @dmeghtfassoms that theif ememmcaberrs@smg any

devi ces that erhea CTS exchan Aeservation.
As descri bed g[\a/‘rz]re %ro{ectérgl_g\o% mterferenc% g’ec |V1r?esrtéat over earc? tfhe gq’? ed(’:Ttgl ng t he
RTS from STA a@gcharﬂgawlll\uh\z!wtaﬁtlexgmwetmmen SP | expires. However, STA Cdid
not detect the RTS f he smt its
own RTS to STA D, %lsnd’ ?C(r;ng earhe{ ?‘ q%lglﬁyset ﬁg\f\p ?ebp%ue X C{C{%(gtmgf% h‘i%?expect ed

subsequent exdhalos, et Wrto ERpISTRCCSRNckpSTA HoweBut SBYA dil whodgfeq dte
| medi atel y rgspand sl 2, %T SthQ é‘t%gl fﬂ% {{e NAR ik bin Y S8k pSTA G after

waiting for a pr edetermined aring a response from STA D,
may retransm mfht:zhegRTESSPZTmllsbcdm calyatlamdf thetxpaﬂmubsepmemt:@ebamgmbebeeen epeat ed
several ti 6‘35814 CIAs P #0685 8P4 6@0%9?& mﬁ ét@l?‘x'&g JX@? haC@f%‘éE' KASE]N
standards specity a maxi mum nunber S ore giving up and

t aki ng anot hel hdGtsaypY eachTA C, after vwdmngtﬁed@x@n@ﬂr@n@fpeﬁo@dndzlot hehengraxi mum

number, of 1 etlghdRuiots eAENES NG, 1O Ris(hVAPKLGRR Acclifand of P

I, STA D ma time erlo spec 1S not yet
expired and tmmaeﬂ@fneratmtmﬁswﬂ das wttrct»p@wal@om;m@t ¢dnmupecapossi bl e. STA D

Wion STA C 1 ceeryasrehe perifugRite sht Aoy Bl Fad P o r e

comruni catlf orapeseetiange during SP2, although the tine remaining in SP2 for

such comuni Catio%{ﬂg% ?é‘offﬁgﬂuctﬁﬂm% Hl%ugl LAY rFAUS S RYcHRE WY

The techni que descri as th vantage of not requiring STA D
to violate itS[Rrs W\Y/cmw@ @talirrsqmdpf Bitg Shhdhmpy ndtethaighe Empprywddpaciicd A

di sadvant age %138ﬁ2h@1§ n(%‘r}et%]x_glr&l alﬁaﬁlem?oré Eﬁrﬂﬁﬁ@%‘tlg@wgﬁ SW&BC %n@ b'es not

respondi ng, take corrective action I's not reduired, unless STA
Cis progr amh@éﬁlbi@)ts“fﬁb[)ttb%éfaswﬁ ad ¥y Feleack (neSTee £ withopevatieg ﬁoh@O&@pRT%ctl on of

ti e per i 0gl Sfen s SRRERAN BOTHRTIN € o3Pt Dk TR RGO kkEg Lo [ nitiate

t he desired communi cations between STA C and K D, and these devices may
t ake ot her acPmEWgicHipn ed@%md@éasﬁ%%elthoaefnhgtlmsi@wsglasﬂ’?rﬁrngcw agr am of

an exchange ugiRQnR.EM, @{Leeﬁ%dﬁ&ﬂ@y tfﬁ%fagg&p& fyan@Ragbodi ment of the
invention. The initial portions of g are simlar to those of Fig. 2,

in which STA D seff8e FehpiquagesedpedimBiat b thsexdvasgpep pl gpreagring$T4d €ct i ng an
RTS (or CTS) fdiadishéh ﬁAvad}Qra%%ttQ Wh@ﬁ‘ﬁ?do?s fx%e@i@” ARl a2l A (fduri ng SP

l, wwth the intention of éstabl |s ghgrotec comuni cations |lasting for

time periéd SB2 Cpgieveiprmatign phpvay %% RRIAESPYFANEDARIGBYY (st CoBstive but

transmts a [RIRnMMliEnot Pcﬁulmvudléb mld s gl%grammg nb Qb RRE s&h b Rtbs such
t hat when STA C receives it, STA know t hat STA D has its NAV set for

t he dur ati on bgforeth %?waweéﬂfrie@auqdrﬁ?ﬂhéf PESxPiEn @efSEALE: & maYPYtopdite to

initiate the desircd communications between STA C and STA D, and these devices may
take other actions not described here.
30 Fig. 3 shows a timing diagram of an exchange using a denial-to-send, according to
an embodiment of the invention. The initial portions of Fig. 3 are similar to those of Fig.
2, in which STA D sets its NAV for the time period of SP1 after detecting an RTS (or
CTS) from STA A, and STA C transmits its own RTS to STA D during SP1, with the
-5-



5 initiate the desired conmuni cati ons exchange until that time period
expires. When the NAV expires, STA C may then retransmt the RTS, and STA D
may respond with a CTS in the nornmal manner, thereby clearing the way for

t he desired comuni cati ons exchange between STA C and STA D during the

remai nder of SP2. The techni que described in Fig. 3 has the advantage of

i nform ng STAinCénadnmftestaHdshimg) piNAVtes t@atmsni@fioBS TRy fos omt kla’iodS'PB. Gowaverwai t

for the indicat resorti 8510

unnecessary cofﬁec ﬁ%@nﬁ%éfggimmTF)“MIq?hrmalsadégﬁta %“%Qi' ﬂ?b”ﬁ STA D
to transm t whihd ferndt sf tNAVTE $s sselt thatSYmE STSTAcRiwe it] ST A\Gtw1bkn@bthet S Eens e a
current tr ansfins%tﬂﬂg{/ {ﬁ))n}'hglcip%a on q ‘QE’TA cxfgelalm the %cflgm 0 ld GAHSE STA
D's transm ssion o b B WTh an exis |ng Tansm ssion from
STA B to STA Altxatbahamrddepmhhewat@ohmcqmge oftil Ehagtlme@mdteiq&re'S ebhm e of Fig.
3 is used, pr r Qns be t.aken. roeli t e
stated di sadvgﬁft% ae Xgl %CﬁuA b mayﬁ%xet%g%%‘gt\lﬁg 'ﬂgg n%%ﬁig% g YR Wltﬁﬁq‘? Ttgf a

del ayed cIearmtbﬂwendnwamﬂahdﬂngmmdn@me@nb&mﬂw&hmmdtmmanmmmmnbxmmgeTh|s
format indicafes §REGId | %m% sz'Aeb‘ilﬁn th eﬁlgﬁﬁérfoifgpi' ze W th specific nanes,

but other formats may also be e Tormat Shown may be part of a 20
medi um access contTrhateclérMA@)dewehdlen Flgj B hashee adviniage pé indamggdifi € alafut fieg. 4,

the first [ f
e 1 R R PRI OO LU G MRS APRE oF
field. The seswmdmissiehshriothcaunDegcstaiyanrredtieh astionhilthms nimdﬂaéwu@e@loft o indicate
e e S TR, 1A bFSREH AR, RENARA B8 SQRLABMMAL N d0F: TS, L 0 whi ch

this DCTIS i s ponse 1S va ue my erm ne
duration 25 vahyge cﬂnr@mr@mellmsfroalrﬁﬂs&m Yk i thg teohyiqnd eoeldtdaate SﬁasD @I apsed

bef or e transrnamgﬂ?&tftﬁébﬁs BrifloRere 10 aﬁ&&ﬂgtrmnﬂgsgh% r@%&@%%khe

net wor k addr esses devi ce |nten eceive this frane an
devi ce thdf tWhatkasithettedtinighd of Hig. dree theteshpaestaf Ve, 918 Ubbrk PGS [frécalitebns may he

Frame Check %%%é%ereédc%xd?hnﬂ%&hé Qaf i bRl fa n}; the contents of this

frame are received correct I n sone enbodi nents, a D CTS may be
used in place of ﬁlgﬁsmﬁd‘&llgdlnmlf@qfnm%ﬁ‘éa dnlayad ¢ledrresad cssordingirnher e n,

and the ter ”Ben@éiné%f%egén{@y 0E fﬁ&{éﬂn@fﬁ&@&pbﬂﬁ@ﬁ&&a&%g& R fRikhe same

functional el enent. % shows a di agram of
deni al - t o- serdecificnepedi hg)ﬂn%fca:maféﬁ%ais@r’em%e@fTherfermam@ﬂmurmbcswﬁvﬂ @ar to the

format of fi gnedf]um 1d&s B&mfol @\hgcmdél nﬁl‘ tﬁ@ﬂlﬁst{'anﬁ e%ﬂ%}@éﬁﬁ?h ﬁw@%rs@ﬁé’ yce

intended to receive this franme, and be used tTo validate that
the contents ibf Fltdﬁliegfoﬁtrférﬁélda‘#*éd Foééfé’f“fb@be E‘/ﬁ? ?féféctm@yt is THhiee fptals thomt Pol i el d

may indenti f)C’ItSmct?nean?dyaerHeﬁtlﬁé‘dQHﬁns dhe ﬂérs@éolnﬁ)'ﬁelﬁllsei Igurg@(}ﬁ ﬁe@%ﬁ:ﬁ%a&he tine
remaining in the NAV of the device transmtting this frane. NAV- SA and

NAV- DA fi el ddessqdielindispte thedigcgerarinias é*sth@fﬁef‘tl??d’eél@%?bé@lwlébthaﬁﬂs dest i nati on
devi ce, respegfdnuelB-CrRIGspXERATLS  Ble mfaoeF&Ténﬁﬁsh o &&gﬁl@mﬂﬁ&ed t he

current NAV of the device transmtting thi's frame. I n the previous
exanpl es, ZNAVASATGR R ThditabsacEmaaox ey t&“ﬁéﬂm @zlfpeﬁi e Brgsgissian ofNsS) | and

NAV- DA woul d rj_ogls Caker ST Ba 6as RERASEHHE Yedvb ANt skd Sidh&d S ntenBE0f  the

i nportant differences between the contents of the D-CTS and the DTS is that
receive this frame and the device that transmitted this frame, respectively. The FCS field

is the Frame Check Sequence field, used to validate that the contents of this frame arc
received correctly. Note: in some embodiments, a D-CTS may be used in place of a
30 standard CTS in some or all instances shown herein, and the terms CTS and D-CTS may
be considered interchangeable for the same functional element.
Fig. 5 shows a diagram of the format of a denial-to-send, according to an
embodiment of the invention. Similar to the format of Fig. 4, the RA field may indicate
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10 the Duration field of the DTS indicates how |l ong the other device should
wait before initiating the requested conmuni cati on exchange, while the
Duration field of the D-CTS i ndicates how nuch tine the other device has to
conpl ete the requested conmuni cati on exchange. Fig. 6 shows two wreless
communi cati ons devi ces, according to an enbodi nent 15 of the invention. The
two devi ces athe achownf thodavimiigatded® redetva tleatime tinkthe E@Siniahbe efedree may be
used to repr es% ate %Tﬁhcca c%ts ?tlns[%xamc Ic rcpef‘ ¢ a(‘:ggccltlnt ?horﬁdm g[Brolgqts may be
used to describe any PHES oMU TR Shev s describ

docunent . Devma;emﬁétﬂfy hisshoBi SWiatnh. dbe D@atsin f&tdematyaddloat«ﬁthe tifno rencadmgiini cat i ng
wrelessly thro fast  one.. na 61 | east ssor 614 for
processing |n?1og%§{t(?%% AhdArm [}fstg He 2 henlg}rxn\)/rseA%]fé\?&qg})ﬁggdata and

i nstructionls ilndlcdaethas&ﬁesm df H&tsoxpca)dbestsam@cstmamm@vﬁaﬁespsctmlm xivlwsd:y shown
with at |east radi o 2 nicatin SS thr ou | east
one ant enna 6@‘3?3%5% gﬂ!é%gfé%nﬁie@fsr%%g?sm é&g\‘%r&t Wérve()f%]e dey‘f tran?mgtm %lb 656.
These itens nAYS prowi hiehEtMevuphymmmds BaNpgonentld indat Séﬁa‘b[tem&mﬁﬁed the

functionality n
description i s%?&ffgrrl%é%‘ Y’?us nrdé;flée?gggﬁg]g&ﬁgﬁdeii |%¥5n F"%mlt%g\/gg tions
wi |l occur toOtddsle lmbor:tdnt dilffenemce‘s basweamtthe chhese of/the Dat TOH@s! tmIéT$ sttended to

b | ud I t ed
oﬁl ;“gyut ﬁg 'Stg% %gr%n%ﬁ{%}@%h%ﬁ%ﬂﬁﬁ@% Fow? oné B%ﬁlh{é'yﬁ%b %ld"\i&dlﬁﬂf&é © ' m €

appar at us, compriing thgrequested cqmﬁum@tlordwh@ee fvdvile therDiugstivn digldvif thellEES
di rect i onal C%U&E&'h%@%&ﬂ%m‘é‘tﬁc%ﬂ?cr ﬁ&ﬁé%ﬁlqb S%Xhlg@%ﬂé{l%%ﬁéﬁft&?éo%ﬁun‘?daﬁ@r?t I onal

comuni cati ons conpri ocation vector (NAV)
in response tﬁtawld’egfectl ng a netvvork reservatl on froma third device;

receiving, during gggngk d?\% leﬂgmb’}%ﬁlﬂhﬁﬂloﬁé’dévﬂ& '&l?e\{rdl tB%lUrﬁ&grrg&t.send

(RTS) fromthe se ransm t secon evi ce,
ei t her a dénidlthetipwegegid T(hDWS) deb@ﬁmresl@wwp@mumnatmg vWIqh@aWe@ rndthefeforsy ed

clear-to- Senqne(y%eg@ ?efppe%nt Q%R éﬁr zﬁa_td'Sq'A I9fbu¥ tlﬂg SM\{nteﬁQpco fponents%NJbegr m ng

conmmuni cations wth t e second device after expiration o V and after
sai d transm tusehig dessebahng ofiha npatiiertions dekicagdepirie@indlys degymant iDewicper i od

i ndi cated by ,H& Rlw &{tfPQ?l&bﬁon%?&f?@@l2q§13/doﬁ§num?catn;g1ﬁré’l’é§89ﬁ§&%ﬁ aPlkasfbd M 1,
wherein: said transmtting conprises transmtting a
antenna 618, at least one processor 614 for processing information, and at least one

20 memory 616 to hold data and instructions to be used in that processing. Device 650 is
similarly shown with at least one radio 652 for communicating wirelessly through at least
one antenna 658, at least one processor 654, and at least one memory 656. These items
may provide the physical components that enable the functionality described elsewhere in
this document.

25 The foregoing description is intended to be illustrative and not limiting, Variations
will occur to thosc of skill in the art. Those variations arc intended to be included in the
various embodiments of the invention, which are limited only by the scope of the

following claims.



the first device is to receive a second RTS fromthe second device after
expiration of the NAV and is to transmt a clear-to-send (CTS) after
receiving the second RTS but before said performng. 3. The apparatus of
claiml1, wherein the DTS conprises a frame control nessage indicating a
time remaining in the NAV. 4. The apparatus of claim1, wherein the

net wor k r eSdiatad ¢lpimeddstpr i ses either an RTS or a CTS transmtted by the
third device and not addressed to the first device. 5. The apparatus of
claim1l, further conprising at |east one antenna. 6. A method, conprising

conmuni catung WWth&ﬁ@thy anbhsxﬁ‘g second device, by perform ng operations in
a first device, sald operations corrprl sing: setting a network allocation
vector (NAV) inafigpiskise faropedfaraiag iwitless dhiegtions] copinaications widha seRme) fr om

a third deylc& ok v@re@s?éﬁe&@naﬁ%&q gﬁlﬁ onk & Itlshr?g third device;

receiving, during a tinme period I cated the NAV, a request-to-send
(RTS) fromthe sidtenha rﬁ@mrk@ﬂocatlon vector (NAVb mamgmltsmtﬂgletegtlmgm rstvewhd

device, in r ng the RTS, a denial-to-send (DTS) before
expirati on"d §@%%Wﬂ{”% kll\é‘!r:’f orm ng comuni cations with the second device

after expirati oncmf/mghdurmg\a time periodvirelicated tgathd NA&Eed véqugst-ts-acrd (RTS)
transmtti nd saij erform ng comuni cati ons each conprise using a
directi onaﬁg'f"tﬁ?seconad ‘%V‘%e’

transmitting, to the second device, either a denial-to-send (DTS) before expiration

of the NAV or a delayed clear-to-send (D-CTS) after expiration of the NAV; and
performing communications with the second device after expiration of the NAV
and after said transmitting, said communications taking place during a time period

indicated by the RTS from the second device.

2. The apparatus of claim 1, wherein:

said transmitting comprises transmitting a DTS; and

the first device is to receive a second RTS from the second device after expiration
of the NAV and is to transmit a clear-to-send (CTS) after receiving the second RTS but

before said performing.

3. The apparatus of claim 1, wherein the DTS comprises a frame control message

indicating a time remaining in the NAV.

4. The apparatus of claim 1, wherein the network reservation comprises either an

RTS or a CTS transmitted by the third device and not addressed to the first device.
5. The apparatus of claim 1, further comprising at least one antenna.

6. A method, comprising
communicating wirelessly with a second device, by performing operations in a
first device, said operations comprising:
setting a network allocation vector (NAV) in response to detecting either
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7. The nethod of claim6, further conprising: receiving a second RTS
fromthe second device after expiration of the NAV; and transmtting a
clear-to-send (CTS) after receiving the second RTS but before said
performng. 8. The nethod of claim®6, wherein the DTS conprises a duration
field indicating a tinme remaining in the NAV. 9. An article conprising

a conput er arreqdabloeseatl qRAFE fiordh Uhird datice onh aileas-td-sedtl r(CAV) dirvsn thehihird when
executed by qgne or nore processors result in perform ng operations

conpri si ngdevice; setting a network allocation vector (NAV) in

response to detecti NgcivinBedurgla@Aesdrioll hdr@nd tyfeNAM, @R @edthbk&hadevi ce or
a clear-to-send (CTS) fromthe third device; receiving, during

a time per (BES)ifrrm hatsenpyeviels NAV, a request-to-send (RTS) fromthe second
devi ce; LARTIE b N8 sdcBnd REVISEGRNEIRY! ©recdyilgMthekTE0aSENd
(DTS) before expirat |£ron o#ﬁn%he NAV: %n? |oler’for%pngS comrﬁéz}llcgtfllons wth the
second deviguaaladserd (EXS) befbieenpiodtiontod tRIANAV; and wherein the
operations of receivin transmtti and.performn ake place er a
drrectional link. - 0RO i alds R SeeoR TR R Sl RGN

recei vi ng Bmodt;her RTS fromthe second device after expiration of the NAV,

and transmtting,a clear-to-send.(CTS) after receiving.the second. RTS but
Dot or 6 cat - per FBRsTA G repan e sid fmon Binr ond S PETOTRS o RATRBSTS

conpri ses @achkcampBriaRngQl didBssnabienk. ndi cating a time remaining in the NAV.
12. An apparatus, conprising
7. The method of claim 6, further comprising:
receiving a second RTS from the second device after expiration of the NAV; and
transmitting a clear-to-send (CTS) after receiving the second RTS but before said

performing.

8. The method of claim 6, wherein the DTS comprises a duration field indicating a

time remaining in the NAV.

9. An article comprising
a computer-readable storage medium that contains instructions, which when

executed by one or more processors result in performing operations comprising:

setting a network allocation vector (NAV) in response to detecting either
a request to send (RTS) from a third device or a clear-to-send (CTS) from the third
device;

receiving, during a time period indicated by the NAV, a request-to-send
(RTS) from the second device;

transmitting, to the second device, a denial-to-send (DTS) before
expiration of the NAV; and

performing communications with the second device after expiration of the
NAYV;

wherein the operations of receiving, transmitting, and performing take

place over a directional link.
-9-



a first device for performng wireless directional comunications with a
second device over a directional link, the first device including a radio,
a processor, and a nenory, the wireless directional comrunications
conprising: transmtting a request-to-send (RTS) to the second devi ce;
receiving a denial-to-send (DTS) fromthe second device, the DTS contai ning
a dur ati on 1val udht adickaifichgm 9| frethéressmiprising: f or a network al |l ocati on vector

(NAV) that has been.set in ecand devj ce; and . .. performng
subsequent conmtifL4s ad‘ﬁg‘eﬁ\}{tqﬁ f?%%?é@&?{@ ‘%@\?F é‘ge"o‘?ﬁpifaté‘?‘f%tié‘%%\?;aat“idon of
the NAV.  1dnsniiiRgap RdfattdiSen@f ((AISF el Fecchihid MRS sCRRPIRBS Nkt defor@asl One
antenna. 14. A nethod, conprising comuni cating wirelessly with a
second devPE@@mbW%perforning operations in a first device, said

comuni cating conprising: transmtting a request-to-send (RTS) to the
second device; receiving a denial-to-send (DTS) fromthe second device; and
per f or mi ng l$ubsdleericle ofmelnmh catwiengn whe D TiSheonsmisond ltmd centush nyessdgeer

expirati Onin%ﬁcaﬁr%&ﬁ%e?@rﬁii% ilrpt%iew\gd in the DTS; wherein said
transmtting, sard rece|V|n6, and sdid perform ng each conprise using a
directional link. 15. The nethod of claim 14, further conprising:

transnitti?g a second RTS to .the second device after said expiration of the
time - 10- 1Zper "GdPPERYS Comprising
a first device for performing wireless directional communications with a second

device over a directional link, the first device including a radio, a processor, and a
memory, the wireless directional communications comprising:

transmitting a request-to-send (RTS) to the second device;

receiving a denial-to-send (DTS) from the second device, the DTS
containing a duration value indicating time remaining for a network allocation vector
(NAV) that has been set in the second device; and

performing subsequent communications with the second device only after

expiration of the NAV.
13. The apparatus of claim 12, further comprising at least one antenna.

14. A method, comprising
communicating wirelessly with a second device, by performing operations in a
first device, said communicating comprising:
transmitting a request-to-send (RTS) to the second device;
receiving a denial-to-send (DTS) from the second device; and
performing subsequent communications with the second device only after
expiration of a time period indicated in the DTS;
wherein said transmitting, said receiving, and said performing each comprise

using a directional link.

15. The method of claim 14, further comprising:
transmitting a second RTS to the second device after said expiration of the time
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receiving a clear-to-send (CTS) fromthe second device after transmtting
the second RTS but before said perform ng the subsequent conmuni cations.
The net hod of claim 14, wherein the DTS conprises a frame control nessage.
An article conprising a conput er-readabl e storage nedi um t hat
contains instructions, which when executed by one or nore processors result
i n perfornmpagdpat ati ons conprising: transmtting a request-to-send (RTS)

L A T s O o o o 4T fom  the scdond ISRk b oM

per f or m ngsatbaE ATS BLCVTIR B4i8 BLiQRINY HhELNRYUR! @8GRI, cati ons device
only after expiration of a tine period indicated in the DIS. The article of

claim 17, wherein the operations further conprise: transmtting a
Secon.d RTSI&._O t BRe W {h%h‘c:)?élaﬁpiwwnefé% e HrsdsUl Figesaaff{aa%ge@%&rg]flﬁé@é%eat ion of
the tinme period; ang recéiving a clear-to-sen romthe

W rel ess communi cations device after transmtting the second RTS. The
article oflglaigh%7kﬂyggr%gqlthe DTS conprises a frame control message.

The apparatus o cpé|n1f¥)mh§rein the DTS includes a Frane Control Field, a
Duration fi el d, aasonfdtetireldable astdifdé BRAdTureltidt cantiiy- iDérdctiehs], widetd veien FCS

field. The Hethod of claim®, m@erel t he DTS.i ncl udes. a Frame Contr ol
Field, a DEFESETPORY PRGYTNOrg RrORasspisapsylt I PRRUMER PFRfigns SoMRRVINGA fi el d, and
an FCS field. transmitting a request-to-send (RTS) to a wireless communications
device;
receiving a denial-to-send (DTS) from the wireless communication
device; and

performing  subsequent  communications  with the  wireless

communications device only after expiration of a time period indicated in the DTS.

18. The article of claim 17, wherein the operations further comprise:

transmitting a second RTS to the wireless communications device after said
expiration of the time period; and

receiving a clear-to-send (CTS) from the wireless communications device after

transmitting the second RTS.

19. The article of claim 17, wherein the DTS comprises a frame control message.

20. The apparatus of claim 1, wherein the DTS includes a Frame Control Field, a

Duration field, an RA field, a NAV-SA field, a NAV-DA field, and an FCS field.

21. The method of claim 6, wherein the DTS includes a Frame Control Field, a
Duration field, an RA field, a NAV-SA field, a NAV-DA field, and an FCS field.

22. The article of claim 9, wherein the DTS includes a Frame Control Field, a

Duration field, an RA field, a NAV-SA field, a NAV-DA field, and an FCS field.
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The article of claim9, wherein the DTS includes a Frane Control Field, a
Duration field, an RA field, a NAV-SA field, a NAV-DA field, and an FCS
field. 23. The apparatus of claim 12, wherein the DTS includes a Frane
Control Field, a Duration field, an RA field, a NAV-SA field, a NAV-DA
field, and an FCS field. 24. The nethod of claim 14, wherein the DTS

i ncl udes a2Fr an&h€apparaths &f ehith 12 wherah itlonDTSehdudean RAMEi@Intto]l BieNAW- SA

unr i 't OUBPEn T B8 RN s Eritio AT EiBindits G Feidi ., Tan

field, a NAV-SA field, a NAV-DA field, and an FCS fi el d.

24, The method of claim 14, wherein the DTS includes a Frame Control Field, a
Duration field, an RA field, a NAV-SA field, a NAV-DA field, and an FCS field.

25. The article of claim 17, wherein the DTS includes a Frame Control Field, a
Duration field, an RA field, a NAV-SA field, a NAV-DA field, and an FCS field.
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