USE OF DELAYED CLEAR- TO- SEND AND DENI AL- TO- SEND I 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,

i ncl udi ng ni tYVga8H3Ef the hidden term nal probl em and PESVAMIYSATHENt of
protection for the subsequent data exchange between two devices. Recently,

the sanme RTS/ CTS W@WQEMEmeEm Cmﬂ§meACND ﬂEMXE—]((f-SEND 180GHz)
conmuni cati ons, which are characterized !ﬁgltlil i recti onal conmmuni cati ons.

However, due to the natur e DEREGIIQEALAN BT YIS and receptions, a
new type of 10 hidden term nal problem has been introduced which is not
resol ved by the standard RTS/ CTS prBAOBGIROEND exanpl e, when a first device

has established a. directignal ligk with a.s vice in a ion that
enconpasses an unf ‘f%‘fpé‘ti‘r gﬁ‘i“lgﬂ“t%fg?ﬂdy@wé%éerﬁé%gtﬁgé ST ﬁé{: third
devi ce, the fwirgddss d@wbldiepdéﬁidm&luhﬁlcﬁebeﬁleﬁﬁsSndﬂ&ilmnk!g,ﬁloh@@&]bihﬂilded/ﬁﬁmﬁﬂ ( NAV)

owever  vher Y BRTSER AT CE foled ot ohTe REt<Pine IRF Fb BE ppRatibect s ¢ he
RTS but the skciond Rdeantlgz,eh@kams Rﬂ"@lCTStdStehasg&IﬂlﬁHedﬂ@\ldp@&drf&ymmmmsmgt its own
RTS to the fi evi ce irst devi nnot transmt a ac
be(?ause |ht sf o({ m\/\“/éuéfﬂcsae ts ‘i‘/'h“f glcfl?atldg en d\ﬂﬁ Wn%l 8mg185‘8%5’nﬁe\?§eb “
doesn't recelﬂlcevet/hedtex éxemetdrc(a'f Sl,redtlbnaﬂrﬁ 1sm|ms1bnsaetné reth eﬁsledxe@ c@ftive

® Y S Wpr
action, such eatln ev t.i.nes s the
directi ong E écenh P bgffn ml ndl%fé%1 hmh ° ndt rcsﬁgc‘ié?'n Fnd[hg Cg'rald
unnecessary bﬁ%ﬁﬁ@TS)men(g Bme:rxamplenzvheBRIﬁEEd@Eism b DN e OF diTddEo RN NGS
Folow ng. desm et O8t Y & 2hied i T s S SR PR P B Rt vt r
enbodi nents @h Rffﬁeflqnnthanmlrcbdwlcé nhetﬂhst damamknmg/s to RBRisgNetvlork hdim@nbmo pai r of
‘é“n{)ggfﬁ:nfo(ﬂ%@ﬁﬁx‘h\n esr(#h%\/!t w%%t%'r%,%bﬂgtl&%g %'u%\f/‘\g)'enéd'[ Iﬁl&lﬁed “&u% 1?’5%90} Oaﬁ”
exchange Usi ipvwavaelizpealt cbﬂeetmnamt@i%ddthatakmcfbﬁtdiewge dﬁtbeca,rthfeﬁir’ﬁbmtmtmt of the
i nventi on.

second device does not, the second device may transmit its own RTS to the first device,
but the first device cannot transmit a CTS back because its own NAV was sct by the first
RTS. When the second device doesn’t receive the expected CTS, it may initiate unnceded
corrcctive 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. 3 shows a timng diagram of an exchange using a deni al -to-send,

according to 30 an enbodi nent of the invention. Fig. 4 shows a
di agram of the format of a del ayed cl ear-to-send, accordi naﬂ\to an
enbodi nent of YOREIYAVENt i on. Fig. 5 shows a di adiCAMHSHHOPHEf or mat

of a denial-to-send, according to an enbodi nent of the invention.

Fig. 6 shows two Wiig 6lsRS&s LOapmmboas fofid of € ¥dneeSo-scnd,eotoidingiotad an

enbodi nent of the. i nven i.on. S5DETAI LED DESCRI PTI ON In the foll ow ng
descri ption, W@F’Eﬁ%oéé BYHfieN det ai | s are set forth. However, it is
understood that emodish@nttso afirclehieommogithtionndeviys, Recopfi@chias edbidihhput these
specific deta Q;JE I n_.other instances, well-known circuits, structures and

t echni ques ha¥d"nBY"H@kn shown in detail in order not to obscure an

under standlsng of this descripti oETAIDRPESIRIPIION "one enbodi nent”, "an

enbodi ment”, "exar nt" various e nd cate
that the embodi ne th§)f‘ﬁg}’)’m’tgrfge CI”HU%P’I“B?{O@GPﬁéfHEq%pH%ﬁeﬁ‘ﬁ rf}hgfod‘c%er ‘élstl cul ar
features, strudtiioesthatimbotiaieas betht Siveeon nlaybe p@éno@&ettyowﬂibmm
necessarilyl l.udes the artlc l.ar features, stru S, or

characteristi Jc]g ils. ﬁmtﬂﬁ‘élns WG Brﬁ?%? FETH Swrﬁ“af’\?g te§%‘H‘é‘fes g‘i“'ie,“"tol?ee’?‘none of

t he features deseindeed it &ﬁetﬁioh@l’obﬁcﬁreeilﬁblﬁdidrmtr@ of this descriptin.t he fol | owi ng
descripti and cla coupl ed". and "connected, " along with
Therr o i ati ves KEIRHBA Sk OMmERonr Hediaer SIBH° EHA RS ¢ er ms
are not int en&a@bws;msqdmﬂym;eté oundleaefmmh@eﬁbodﬁaadnt(@ro,fthcnn@aﬂidm soudksfibed

enbodi nent s, s mr] &: ag Se.use t i ndi c%a t h |l enents are
in direct phySPdafIEGP ]IC% &t 3151’ Sé%cﬁlfr?fc?r Ttaﬁer 'éﬁ‘ob?vﬁ@'rem Bied" is
used to indi G&t(ﬁbftrllf]}alhcmm tlm‘paﬂioﬁl@r f‘e&tmmﬁrmu}e} opdnatierists. Fatler,acthe W t h each
ot her, but the not indir cle phys i, cal ectrical contact.
As used in thg%((:)?{gl%rﬁ%magg%l S8t} ﬁe Ilel,iotéceofglbce %Cs‘frf%g%?sglh&‘ t he ordi nal
adj ecti veds" fambsdimentssecond”, "third", etc. to descri be a conmon el enent,
merely indicate t i nstances o ke. el .are i.ng
referred to, and graﬁéc g)g Wmﬁ%ebcd%tdm o g tfhfkm{]s fgulfeirﬁa af eSral geg*so

descri bed rrusﬂlongemihmh@& c@nwewcssmqjabmsed kensttolamrbcummmmcaﬂ that thespiatnsadrd ot i N

ranking, or Irﬂcnfygé{aqs nonﬁ/m 01 each othel ather m dI LC lar e adnnthtss“ gr];nectQ(? Lnvention
may be i nplenented or any i nat 1 én hardware PHmar €, and

sof t war e. Theisédiventideenhatrayo (alngme tiementb are in dlrect phymcal or electrical contact with
20 each 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 elements so described must be in a given scquence, cither temporally, spatially, in
ranking, or in any other manncr.

Various embodiments of the invention may be implemented in one or any
combination of hardwarc, firmwarc, and softwarc. 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



i npl enented as instructions contained in or on a conputer-readabl e storage
medi um 30 which may be read and executed by one or nore processors to
enabl e performance of the operations described herein. A conputer-readable
storage nedi uOBYPHE ude any mechani smfor storing ian&Tng?E‘Il?f??Wlﬁ a form
readabl e by one or nore conputers. For exanple, a conputer-readable
storage nedi umanBl, 4 Qedpuae rdaldbiGorsddGiedasn mbrihclO@L thinpdutiess, b@ nof @aictdonl y

menmory (ROM; random acces Tor RAM ; magnetic di Sk storage The
Torm Y rel et SHEGThRGTE 4R TR et o mregm & AP gueel $45E i

met hods, techni quese tee@MVitleSAiaP BSueh NRedride cieduls, deditd] sycomiTuiiodd, e dat a
by using nodul gted 5 el ect.r amag eti@ radiation throH%hba non-sol i d medi um
The t er m does HBIIUPHEIYPIHAFOPHEANS IS o &lF 2 hAFORBVPIEAS IR PRBYLBATSH any

w res, altBoughtiomagRtieragirb@cthivagt Sndnheyd Me@hih. Mos terrdids hel iRSE tikgiece may
conprise at | east e .antenna, at |east one radio, and at | east ope
orocessor . ant ki ARUESRACTHRABIYRY WHer 8 ToHET Vet S rosHRs Y e i s

t hrough the aimt.enmdrctchatevice prags@iiriseatleusedid anteR] at &Sisting fidloS artdhut ugh t he
antenna that represent r%a}t E;, 10 while the tqugessor malzg (g}gesg the data to
be transmi tteU AN He Yt 5°¢ At MHALY pUEF PRREOVERM TR “%P YLK may al so
process ot herangdhathatwbpredant dataned tdodvestsigails thrdulzk €he ROENTacK:L Fapedent Harh,

conveni en of .reference within this docunent,. each w yel ontmruni cati ons
vt co. rmy Dpe s rtEg Hhialesh i BB To RSB o R Furorhe

i nvention ar ectdted! Tha predsdoomaesbc@sces @it idhth echist it heithbit tgankralned norQt her

comon ter s A& VG&SF(%lcSI?veblg 23 (rjfrestn%(e:bvitﬂgl t@utocnlr%tntl éargi %verdl StSO a rmbi |
station, DEV,&t'¢% PSSR Oof SfFeRer ¢ Fheos@she" 6t "R embodi ment s of

t he i nvent i orcommunicationWiéidermdyltbe labolad exd STA, buhths va@ouereldjmentsaif tiect i onal

transm ssion .neaps the transm ssion.is.relatively, strong in gne direction
and rel at i vellﬁ}vc\[/lvge}% A %Otﬁlﬁlgtci%@ h%?m |1?%1§P f@%@} gh\lif’ﬁ%%}' nbghﬁlég)lmn Oéﬁc ed "¥¥equency
band. A dilf eclisodnabedr eclkept iuomt Mieding totdheoli0 stegae DEVNgc.dendisil falanmithiedei ve

signals fromggn ?'r ion nore, easil.y than it can recei ve equival ent
strength si gr?a?pgo #hgé%%?cﬁggﬂg?@é% Y%H§?~ wi thin the intended frequency band.

Di rectional comuiitatthonsitdxnetltbieldoduotcht, diiregerabmalsmissiamsmns gicons and
G ect onel, GRSHLLANE ) LARLAORL LUK PRNG, Bkl S oo have
reception i n dovestious ivcthin tonistendddHiregamby nde A.dii28idhtlheaeptidven@onthext of this
docunent, & "ré\é%}:v‘(ﬁréévi@g éaﬂ?&%fvg & gya?sc 58h '(')ne(ci\lléytzoni ﬁorgeasily 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 each other.

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



period of tinme that expires at a designated time 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 NAV' neans
expiration of the tine period indicated with the tinmer. 30Fig. 1 shows two
pair of wi reless comunication devices using directional |inks, according
t o an enbogetherenith@bich $TRA'S RussMissions ahd rdchystidnk beigg fausd ienixodircsnt of thet 1S
assuned that STA A and STA B have alread stablished a_directignal link L
1 with eacH™®t-hér's @ﬁg"rt #raym %‘aétgend’% lgo??é‘% I 8§§d§ﬁj‘é§t‘%t§}‘? ﬁl@(ﬂ a

di rect i onadirdctibdal ledndhikHoRaedin STNAr wilehéh SRAD CSTAY B, hkPHaNB$AI DREn and
receptions being focused in the direction of the arrow. It is further
assuned t hgeciyhBeghyaismissiony thgequss ity feceiveisis dappied toyvasdschlA WatbutiSTAt i onal
transm ssi &ﬂﬁotfrg&WeﬂéAs‘e ﬁamn%i%sicyn%%&alﬁg% regei@gl.dis Eﬁre&&pa on$§’f‘Al%)Can

recei ve these transm ssi ons (because 1ts receiver 1s direct e_d t owar ds STA
A) but STA C camribd cxaepdi aperatinesyel A Aangntirasingng RSde 209eB. wisch sspinder i s

directed away_ from ST ) Lp the exanpl e eration . A ma
Cranemt S EshiERECEY sy (i SO B ORF BN BIAR YA o
However, béigatisaliof SThAeD mayedpedidcy éhid RTAL SiaesSBAD dias ect dddreadedtlyy, thSTA D
may al so t thi . Sl hce STA s, not addresse h from STA
Y STATD Sl B THE AURUAN I R TV S g BEcod et en T HE RASER om STA
A, and susyeqd,tahansspehd itRgsritigNdirin ahatttind® . (NoNO e sorhd pfodd®IsPbethaee! s,
both the RTS and CTS contain i nfgorrrat ion indicating the tine remaining in
the NAV pdtldand CAS<eehingformatiempéionng the wia gmerng ighaNAY periqd: dver hear d
ei ther an RIS, PlhsBnlTSTA TP MboiiAeits NRG iNAVWREAH AR R B of DTSSR L1 e
either way.) Shortly afterwards, STA C (which did not detect the RTS from
STA A and YHerdeflbe dAdbwsuldsxpikneithatrmst timheithqavpy srgportly afismards, SEAdwn RTS
to STA D. M.t hoy i rqd ne i i ormal |y
respond by(%ygr%ﬁ P(yl{%tregl%?n fT’?i flﬁdg?lgg@é'égﬁ%gf%g%g g% @t k%ﬁ%-é%@é%;ﬂreggy t he
earli er dehgctrainsmitdfs cam RISt 8 BMIEWAtAUt thedeterferdmyvpaichonel lindddy $TAdhs STA D

Fovever | NS RORE!SBER bt S mBH FRRTT AU R HRSEA Bt R EPHEEA D can

respond i nhé@emditr dasitRAt $foaaR TRaYoMYSTA 20simdet cayetidnak bpahtidnas T IPONses.
Wthin thi Beﬂgcurrent , .these re,sponsez) are | abel ed a]édeni al -to-sgnd (DTS),
whi ch may SSBHENPHEPOBE PRyt § bTadecauiiith DTS s Howwicayager the

cl ear -t 0- M diaRnfsToF : thih 6dhtiBRYISARYI RBSinbesT AT BT £ résBoth iR AMHGAVECTS. A
DTS response indicates that the device responding to the RTS has its NAV
set, and tchatentipeal NaY &y ransendgng eithgr of tywp respopws-c Wit Bys dasamprtsthesy,
contrast, ' [ £ L Q’ﬂ#@ﬁ' g ' ining in
the tinme 5% ?%%g g%e%???de% dg@alttﬁes tsﬁ’ %?é(}:lh[ﬂ%}h%o% gﬁeggeitrgfg}r?%ig{)% Ing. In
sone enbodrmBhve) TS abd CTilapelclipe-tarsad (DACTHe whmhenayisbmatiinenls: mérigd ¢4 andar d

CTS (i.e., _evenyjf onse is. not. del ayed),. since both ingdigate an
b1ty i e RTR el APIRASOni n RS hyaS KOS LALRISHE 2",
timng di agmManyaét, and gxcthangeVusiingpiee aded dnednditaeat by thedeTS8l, Byacomaiast ng t o
an enbodi nent. of the inventi Usi n%.the sane scenari o, described.for Fig.
1, during Rofprcwenid di o DeaBmaTidicett, WheHe omAnean BESI BEhi ch may
respond bypdoiffddssyi thé RS 18 whicknHatelitelis r&pbidin® [SIdnAembbdifesits,td®-dFKS, or
the CTS, or both, may be considered as making a network reservatjion, since
t he pur podeydfe ushd dn EiecHBEEgauptions gs ar%‘é?"@ec'?%é‘fe’kﬁa’ﬁﬂéﬁ {he yregpemsesig e quent
comuni caljRf-HEENe B tiRgSRe amiﬁ@% GERedifBfHrbied RIRGhRuaxahange has
taken place,” STA A and STA B may Conmmunicaté with each other over their
directional |i e 13 shoavsoa wingg dagsume! ehgrchangd psiog rimdaldyedtalenso-shndi ng SP |
are prote . i r : i t t he

Rrey s 5 esiEdi S| R RE e REAHSE e HE R Sechdif g QUBAR e
earlier, S$Tdurbgrrayieqierivd $ (SN STA Aasmomnieat BTHed 8TAI Bigwhible mRY &sporain STA A,
that NAV to, expi.re when SP ire er C di ot ect the RTS
from STA h,y tré’ﬁ%‘”m % %‘Po‘#“ése%klto Srégmﬁ%ﬁ ﬁlﬁm of E’S %3%0 +BYSTA D,

i ndi cat i nge thatdeRd2s WakIngbenetiek diseahiion) siate ﬁhb@u?él&e&ﬂtﬁi@ eSdHABEY ent
exchanges between 10 STA C and STA D. But STA D does not inmmedi ately
respond with a CTS because STA D has i4s NAV set. STA C, after waiti ng for
a predeterm ned period and not hearing a response from STA D, may
retransmit the RTS. This delay and retransmt process may be repeated
several tinmes if STA D does not respond, although nost communication

st andards specify a nmaxi num nunber of such retries before giving up and

t aki ng anot her 15 approach. In the exanple of Fig. 2, the nmaxi num
nunber of retries is not reached. Wien STA D s NAV expires at the end of SP
|, STA D my note that the tinme period specified for SP2 has not yet
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The techni que described in Fig. 2 has the advantage of not requiring STA D
to violate its owmn NAV by transmtting when it is not supposed to. A

di sadvantage is that 25 STA C has no informati on on why STA D i s not
respondi ng, al® M*Pake corrective action that is not r&dHS?UE> Ul ess STA
Cis programmed not to take such corrective action before the expiration of
time period SRsdrve thf crall@xpt S’u@&qb@i enemSitation betwddYhebetwbo@@vik@t ©nt®

ovi cos mmy. t SR TORHS R EE UG KO HAGoEhs BT RGPS S ErGns € ANE S & | mi ng

di agram of anotexohangsr disttitgaldinden| @H-fﬁlgmaaaﬁc thaCB er djnlﬂgurﬁ@n&ﬁ daniodi ment
of the invent%Ean. The inhti al ortions of g hose of
HT ¢

Bo s ot EhrerAcael b e B R ARarl ned dinanars B ket Ly o
det ecting an KGungewillkhS)y of temesSlAid, and STA C transnits its own RTS to
STA D during SP | tion of abI i shin rot ect

communi cati ons | asAtSV‘\fﬁi;c“P%fredf ieﬁéqﬁ‘g? Mgy seEpsN ﬁé??@‘?me ?P Eﬁﬁ”@ ﬂéerr%ﬂ%i ment STA
D does not wafirém SDAtA, tHaﬁNAMtbe;ﬁreE)?Fﬁlﬁhl &@irtd HINAVer] ST Cidid nos @étect Tee f or mat
of the DIS is h nSA receives it, . STAC w that STA D
has 1 ts Ay SRES Fop STR 0T Bev bt GBS sinaies By RiSisBRS. ' and STA o
shoul d not 5 inticdtingtiat $ewidles itieafiratiomoitng e@bcttmb@qﬁﬁﬂammngamemdehat ti me

B STA D ey Folita e ibok BN S b Re e ey A GEY BBy £ PR ng. t e

way for the desasisdNAOMIUSTA &AL af&ms/mxgmm@e:dbteﬁrmeﬂrpeﬁa'dﬂarﬁnaﬂobaﬁﬂ'gﬂu D during

the remai nder_of SR2 e techn S d s the advant age
of i nforning SFPA"E B APhrélaylﬁ Wltqg It%{tjésbﬁ? Cgll%a retranb até{rocéﬁs,&n Vbc?an wai t
for the indi cateetdtévamrl timtshiDSITA Dedooy tidt rgpdnd, arlmbm@nﬁcm amrmms:amIl ot her
unnecessary correctiyve.actions ha e di vant.age of ng STA D
Lo tranam 1 ias YA I pbbg B LS SR RSP B B e
current trdansppssihon from STA B to STA A this technl gue coul d cause STA

D s transm ssion of the DIS to interfere wt xisting n ssion from
STA B to STA A. 1%’%‘)\%15%&% ftF ngé nigque of mlg"“’?‘eg“es I“%Oh héghi‘{nque of Fig.
3 is used, prdpep’ bMAe‘éazqmnsmshcrmyobﬂ’lt, ak& 1 thay mc&d«h@tehmmelqudﬂme‘lcd he

stated di sady f&@@%sr&pt yet ex%neal |84 thtéle%}e U5 %ng(%aagf{ i ?I‘ St I%B‘t of a

del ayed cl ear-t0-sen t e a|lynvenf3| on. This
format i ndi capesls ey Dlﬂm%nftnaednds adiCTp 131pletoi §li/cCsvidmuiw ditingsfoegiofhiecR ianes,
but ot her ,for rt of a 20
medi um accéess\p@egﬁ le?k}&%)tp%l) ?ﬁ%%rqi(hg?({@r@ '? Ewg@éﬂxggdfﬁ %)f Fig. 4,
the first fi @bmmuslcaloﬁremng@‘@mtmgﬁw plgiodgh tlhseuie ranaiindeginiSPy f(trh@cht ype of

frame it is. The HI‘?‘%}OP%‘M&%& §ceh% %%E&(gﬁq be identified in this

field. The secon e rat may be used to indicate
the tinme remai ni nghd tchinfyee derntieden berﬂ@dtlasadmtagt ethohraghirinp 8TRTBot 0 whi ch

BB:_ Zt P(') STS i Jidtatd FPRAWREY b;waﬁsrﬁ{@ilng G hlRY isth%t ng}go%gmon%ddlg)i\}n@aléé R9hk he

25 STAC has no information on why STA D is not responding, and may take corrective
action that is not required, unless STA C is programmed not to take such corrective action
before the expiration of time period SP1. If SP2 expires before SP1, it may be too late to
initiate the desired 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
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25 value fromthe RTS, and subtracting any tine that has el apsed before
transm ssion of this D-CTS. The RA and TA fields represent the network
addresses of the device intended to receive this frame and the device that
transmtted t NOS'WAAHE respectively. The FCS field is tHd/BErANESBReck
Sequence field, used to validate that the contents of this frame arc

recei ved COI’I’ﬁﬁéhh(}h.otmﬂﬂuhihglpﬁﬁmﬁcli lecrmmdhcrmmbswﬁgﬁrﬁmspmyl See. [(:j[SQﬁveirn pl ace
of a 30 standard CTS in or a i NSt ances. s and. the terns
O and D CTS iy TP ABHES BRPutref it P ESTIes Pos Pe s a S onal

el ement. Fi g. Tk fohhewsf the DT8@rsath it v&hlaﬁsmrcrm&cmﬁ itpsideqivall kxﬁcﬁv ﬁl@ﬂ‘HTAD

according to an.e the inventio mat of Fig.
4, the RA field “F‘r&gqpﬁgﬁeb&fguwf‘ﬁ’e"fﬁa‘mﬁég?l%ﬁ i 111?8 h'gvalm(d,ng‘A‘nh(;a d’ to receive
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D-CTS. The RA and TA ficlds represent the network addresses of the device intended to
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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1. An apparatus, conprising a first device for performng wreless
di rectional conmunications with a second device, the wireless directional
comuni cat i ons CO}?}B” sing: bsetting a network allocation vector i

response to d¥Pgt
receiving,

r NAV)
Ag’7a network reservation froma thi rd’Caé\??Od%‘,”gm
during a time period indicated by the NAV, a request-to-send

(RTS) from t hfae sRESQRES HENVER intéddan®ibdetvie figs frinte, hlethSECO Ry Bewe€®, either a

deni al -to-send (DTS) before expiration 10 of the or a dela
cl ear -t o- sendva{‘%f—tt‘%é')t QFPES % B TG ‘B?C‘Yeﬂé‘"ﬁﬁ&@wlﬁd‘r rame 80““6%&&& m ng
conmuni cat i ongawiniidntifyneis 93e£DME fidevi Tk Birhh fRKhdyahdiedte GE timhbeenNMhgind af t er

i cat 60 by THE S 1 BHIRT RUSGLGHA F8UF O SR VS YLl af m 1

wher ei n:

15saindicdts B addréskdsdg tHe QO &eRe hfdaRsiMatidn digica réIp&tivéndyhose

t he

(L1t o oo L5yl AERELE & OB DR Lol LR R e Sothee Bl
recei vi ng thebseaand IRTG fhettioddetoiptesSMAY-Pewbind mdfege STA A (tdnsnlife appar at us

of claim?2, where
a time remini'f§?

| Rrongadt SoRoit FRis AT e B e by R s o

di cating
t he

net wor kK r eser@@tdfei iepsint Siretdet baweaanhdRbitems oth€EDITY aidsia bTed thy t he
third device and not ress tg.the first deyice.. 5. .The apparat us
of ol ai m 1010 PHEPORBBHFETAES bichBRt BRemaREryic shoutd3iairBiford

initiating the requested communication exchange, while the Duration field of the D-CTS

indicates how much time the other device has to complete the requested communication

exchange.

Fig. 6 shows two wircless communications devices, according to an embodiment

15  ofthe invention. The two devices are shown communicating with each other and therefore

may be used to represent STA C and STA D, but the same internal components may be

used to describe any of the communications devices described in this document. Device

610 is shown with at least one radio 612 for communicating wirelessly through at least one

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 [east 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 skilf in the art. Thosc variations are intended to be included in the

various embodiments of the invention, which are limited only by the scope of the

following claims.



6. A nethod, conprising 25comunicating wirelessly with a second device, by
perform ng operations in a first device, said operations conprising:
setting a network allocation vector (NAY) in response to detecting either a
request to seM@2P®iZ¥ % roma third device or a cl ear-to-P§€ﬂJ(§2°(1?ﬁ%§J‘7fromthe
third device; receiving, during a time period indicated
by the NAV, awhequéesineti @-send 30 (RTS) fromthe second devi ce;
transmtting, to the second device, a denial-to-send (DTS) before

expi ration of 't he NAPPYEHY COBINEr i ng cormuni cations with the second

devi ce after expi ndritdsviaffof frefoPiNg wircless dirdhiRhgicommanichtioRCRitVA figondsai d
transmtting, ,and said perform ng communi cati ons each conprise using a
directional |{%kS! V{r‘%lk%éd‘r‘?ﬁl S SR SHIRSEOMPIY R er  conpri si ng:

recei ving a@ anot hesttilflsndiw@alifetigeeondNiew)iit espiten dexgingatemniof the NAV,
and transmtting a clear-to-send (CTS) after receiving the second RTS but
before said p&FGHM ‘é‘?‘ath‘rd%?'lcel"he met hod of claim7, wherein the DTS
conpri ses a dur at ir@givinigeduding; A ding atrhidigndicaldd tyitheN A€ adeficiigolisend(RESNAV.

9. An article.conpri si(g%e a conput er -readabl e storage nmedi um that contains

i nstructions, “WhER°RALFFVce

transmitting, to the second device, either a denial-to-send (DTS) before expiration
10 ofthe 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, whercin:
15 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 clcar-to-send (CTS) after receiving the second RTS but
before said performing.
3. The apparatus of claim 2, wherein the DTS comprises a frame control message
20 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
25 communicating wirclessly with a sccond device, by performing operations in a first

device, said opcrations 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
30 (RTS) from the second device;
transmitting, to the second device, a denial-to-send (DTS) before expiration

of the NAV; and



executed by one or nore processors result in perform ng operations

conpri si ng: setting a network allocation vector (NAV) in
response to detecting either a 15 request to send (RTS) froma third device
or a clear-toVOHMYIPETS) fromthe third device; receivi f§7 GG ti me
period indicated by the NAY, a request-to-send (RTS) fromthe second

devi ce; t 1 pd ot Ink ico@mudiCatibhew i3t 0 Rdordieiésl e aftad cgemtial ofti- sSend
(DTS) before sxgl ration of the NAY;, and 20perform ng comruni cations with
the second deVi*de after expiration of the NAY; wherein the

operations of receiiciigaidire@nsdy, fdid RGsmamn, pelrshiapeifigidcalstrhRe®nover a
directional |ink, . 10, T(%e arti &%e of claim9, further conprising:
25recei vi ng afiot FEPP RS GHCER®Eond device after expiration of the NAY:
and 5t ransmTht mkthod oLl dare, fuathsepthpliidsS) after receiving the second

RTS but before said perfornjng, 1. The article.of claim rein the
DTS conpri ses. a1 PaRBTEdrTBI TS TEb L PRar L FRG S e AT et MR Taekh < ho
NAY. 30 12. An appamadniSing € 0lrtbSendgCTS) dicf fctStingltv swend RITS pabEforenhidg

wi rel ess di recti onal communi cations with a second device over a directional
link, the wir®f'88%"directional comunications conprising: transmitting a
request -t o- sehd ( RhSnethod dtaisec ohdeid @ei ITES comprises a dutad@efiald hgicating a

deni al -to-gend (DTS) . from t[\%e;/ second device, the DTS containing a duration
val ue i ndi'Cat TR PRSI BHEMNI g for a network all ocation vector (NAV) that
has been set 9.n t hAa asedomehpedang ce; and

a computer-readable storage medium that contains instructions, which when

executed by one or more processors result in performing operations comprising:
setting a nctwork allocation vector (NAV) in responsc to detecting cither a
15 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
20 performing communications with the second device after expiration of the
NAV;
wherein the operations of receiving, transmitting, and performing take
place over a directional link.
10. The article of claim 9, further comprising:
25 receiving another RTS from the sccond device afier expiration of the NAV; and
transmitting a clear-to-scnd (CTS) after receiving the sccond RTS but before said
performing.
I1.  The article of claim 9, wherein the DTS compriscs a frame control message
indicating a time remaining in the NAV.
30 12.  An apparatus, comprising
a first device for performing wireless directional communications with a second
device over a directional link, the wireless directional communications comprising:
transmitting a request-to-send (RTS) to the second device;

9.



perform ng subsequent communi cations with the second device only after 5
expiration of the NAV. 13. The apparatus of claim 12, further conprising at
| east one antenna. 14. A nethod, conpri sing comuni cating wirel essly
with a second“®A1%@é&B3"by perforning operations in a fi rs"t”ﬁ@%lg’%‘,”‘éai d
communi cating conprising: 10transmtting a request-to-send (RTS) to the
sec?nd devi ce; I’e&aiewiiﬂggic&'nideﬂaisaﬂd-(ﬂﬂ-8$ﬁ&ﬁtl(eﬁ?@)]dﬁé»@dgl %IQQTSQgﬁﬂFing@}/i ce; and
erform ng subsequent communi cations. wi.th the second device only after

Db Cati o of e s G CObT & i St B o orid opraocaton vector (RAYRRk & n G o
transm tting, b@akd it @€ &cvid@yvicandd sai d perform ng each conprise using 15 a
directional link. 15. The thod of claim 14, further conprising:
transmitting a sed6 “ﬁ*lgé”p%q“ﬂar%wg@&%ﬁa“%\‘/Vlltééhea*f"‘foé‘gd%"é‘fed’ng'f&e‘f ation of the

time period; @ptationofthe NAV. receiving a clear-to-send (CTS) fromthe second

device after fransmtting the 20 second RTS . but before said performng the
subsequent cofthuni éﬁ??pgﬁg’.s O?%‘?‘ml'lr%e(P‘ng‘I‘FBEPPBT‘“%"ftéfia?ﬁof%?m?mé'rei n the DTS
conpri ses a frame Acoahshbommstgge. 17. An article conprising a

co t er-readabl e st orage. nedi t hat contajns instructions, .which_when
exeout ed by one of SHBIEUBBARE TN PLs T Fort BF T REEPEPIRT Grom

conpri sing: tdeaks kit comguaicatiago@sirising- send (RTS) to a wrel ess

comruni cat,j,ons device; receiving a denial-to-send (D fromthe wirel ess
communi cat'ton devi ce: transmlef‘tmg a rgquestqo sen% (Rli"gﬁ to ﬁw sec(on;l- §QVICC,
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 cach comprise using
15 adirectional link.
15, The method of claim 14, further comprising:
transmitting a second RTS to the second device after said expiration of the time
period; and
receiving a clear-to-send (CTS) from the second device after transmitting the
20 second RTS but before said performing the subsequent communications.
16.  The method of claim 15, wherein the DTS comprises a frame control message.
17.  An article comprising
a computer-readable storage medium that contains instructions, which when
executed by one or more processors result in performing operations comprising:
25 transmitting a request-to-send (RTS) to a wireless communications device;
receiving a denial-to-send (DTS) from the wircless communication device;
and
performing subsequent communications with the wircless communications
device only after expiration of a time period indicated in the DTS.
30 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
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and perform ng subsequent comuni cations with the wireless
communi cations device only after expiration of a tinme period indicated in
the DTS. 30 18.The article of claim 17, wherein the operations further
conpri se: WORPPARSA tting a second RTS to the wirel edSTASHIYIPHAL i ons

device after said expiration of the tinme period; and receiving a
cl ear-to-send (CTScefvingm didagtomelid{(TSS fro@MmMLnikdal tomburikevbeeledtd drer
transmtting the d RTS. .19. The article of claim 18, wherein the DTS

eco
conprises a fV%ﬁ@ﬁ%ﬁﬁg?%?o age.

19.  The article of claim 18, wherein the DTS comprises a frame control message.

-11-



