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

embodiment of the invention.



an enbodi rent 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 dvegoemsed77t he format of a denial -t o-send, accoPrdirng2a410/033717
enbodi mrent of the invention. Fig. 6 shows two wireless comuni cati ons
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and cl ai rdgtailshén benmstaness plvelttknawal c1rﬁﬁf$n§ﬁicﬁﬁles ardl toct@igMct Raddit been
derivatives, nmay be used. It should be understood that these terns are not
i nt ended SAEWa YR 6%9%11 otger RatdmOobicHEsyan yrdergndingof §aip desstipien-embodi ment s,
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physical or electrical contact ‘each ot ed” I's used’ to
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but they may not he in direct physical ectrical contact
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adj ecti v&gcedshhi§tinoludS O Mticulart LA, st@icfures, BPCI&%@JHSQ@S FuRRETIME! ement,
nerely indicate that different instances of [ike elenents are being
referred dndaodanchtamy haevte $omee aldedt nooe phfhlcyfedtinas desegbed fometites so descri bed
must J n sequence, either tenporally, spatially, in ranking, or
in an otetl?étto ¥r. Various enbodinments of the invention may be

i mpl enent ed i Np@Refodowaipydescription and claims, the terms “coupled” and “connected,”

along with their derivatives, may be used. It should be understood that these terms are not
intended as synonyms for each other. Rather, in particular embodiments, “connected” is
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 elements so described must be in a given sequence, either temporally, spatially, in
ranking, or in any other manner.

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
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conbi nati on of hardware, firmvare, and software. The invention may al so be
i npl emented as instructions contained in or on a conputer-readabl e storage
medi um wWNOchiom&y37he read and executed by one or nore pPOTASI@O®33707 enabl e
performance of the operations described herein. A conputer-readabl e storage
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dat a, whidne préu@sqor amds hastioay ndniseSwhdrbehedatia ttadsiaés tipadls tirbligdhand t he
data that has been received. The processor nmay al so process other data,
whi ch i s awannm et feEGeHE dafetn diseeivescignglsdhrongh thegieanp dié ecrbesepliedadt ence

W thi fyt leﬁledtﬂgyfﬁ%&sor &@%@5 :e§seth§8§ta?&%9ﬁs%&&?£&§d {16 YihG%ndTRYs B&nl abel ed as

a STA, but the various e rments o invention are not imted to
devi ces irdextddf iThad paddelsar may dlslygbeesObther daanminoh tsercitbemeansmited doe used,
such as but .not |imted to a bile station, DEV, etc¢.,.and still fall

wi thin tHE ?&pﬁoafoqwe?ee%a%ﬁ%?ﬂcswuﬁWés‘iﬁwgwm, ich W?alﬁisn the context of
this docymBRhuniéutidhé 8G5EORR bl [BERELS S ST BEARS vhGustdntbAth&Ri OfthE S
relatively strong in one ditection and relatively weak in the other

di r ect i onsyenfion aienat himiicdtte deladesfidediiied oxithothsdabed ddtherctononen terss epyi on
nmeans. t he receiving device n.receive, signal s m one di. i on. nore
oo T} 1 R gt A B b G 2oL R GEREHIOLT: S Gk o ITE hdin e

di rect i ongopdfithé BmbbdEmchts@faednfé@dency band. Directi onal comruni cations
i ncl ude both directional transm ssions and directional receptions. A

directional | iWkhinghesontergof thipderanmcabs diepgionsd trapinistieimenes ther anet ers f or
| oMb AT LR SOl SR | RS Lo
Vector" (dNAWionsswithin 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 each other.
25 Within the context of this document, a “Network Allocation Vector” (NAV) is a
period of time that expires 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 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
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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
wi |l expiwe ato/tsh7end of that NAV. "Expiration of the RAVUSEa033717

expiration of the time period indicated with the tinmer. Fig. 1 shows two

pair of vmreles jcation devices using directiopal |inks ordi ng
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D. Wthout the interfering presence of |ink D woul d normal I'y
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lier detect nd t : ' STA C
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respond in a non-conventional way by transmitting either of two responses.

Wt hin tHhe e@b@mﬁé@won pﬁ@rsBTSé"‘gg@ ﬁ?ésAam@ier edseceigong! @Iléﬂﬁﬁtalnstsaﬁs@ﬁbm{lﬂ)TS)
whi ch rmay, 5 % g%ﬁy \}Oﬁihe{]&%g b0 RS t?N‘}W‘g s‘?'RT?f 1300 R, 4 u‘% 8‘%%9

clear-to- sen nay sonet red to a
embodiments of the invention described herein, STA C can respond in a non- conventional

20 way by transmitting either of two responses. Within this document, these responses are
labeled a denial-to-send (DTS), which may sometimes be referred to as a mmWaveDTS,
and a delayed clear-to-send (D-CTS), which may sometimes be referred to as a
mmWaveCTS. A DTS response indicates that the device responding to the RTS has its
NAV set, and that the NAV will expire at a time indicated by the DTS. By contrast, the

25 time specified in a D-CTS may indicate the time remaining in the time period specified by
the RTS to which the device is responding. In some embodiments, a D-CTS may be used
in the same situations as a standard CTS (i.e., 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.
1, during service period 1 (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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mAaveCTS. A DTS response indicates that the device responding to the RTS
has its NAV set, and that the NAV will expire at a tinme indicated by the
DTS. By owotwsgtsi3?he tine specified in a D CIS nmay i ndipcatus2aio®337ime
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shows a timng diagramof an exchange using a del ayed cl ear-to-send

accor di ngtha oapr theiddicctamal lofk b hend mughit dssume st WhglrtctxmnsmmtleMmgo
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Ei t hers t hecRhge wall khb® ot re@rviiRh, My be considered as making a network
reservation, since the purpose of this exchange is toreserve the channel (s)
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over their directiona AssUNe 't ei r commini ¢ati ons

duri ng SRTSfrenmSTA eGhtaed nfa&@hﬂrbﬁ(bt@feﬁbfr&‘lt@&ralﬁaﬁﬂuﬁ@mrB(TSi&)IS”DES) t hat
overheard the RTS/ CIS exchange wi Il know of the reservatjon. As described

earlier, isfisatpygihgt Faywilkbe tmd/uliaﬁom eEhesERectes WBEUETtFFCRMESTISEVESbm STA A,
h h
t hat lg!fr\ . §A1?A ?%gidfs@f%e rhéf%‘m%%"egﬁ?t iHIONRIYRL reigénchﬂhq (G b%%&t v e RTS

from there e fee ree to t its own TA D,
i ndi cat i Nyhbaduat NSP?Zse\m STAKE aftbewditing tforonprodcteinenek paraidend swbsadging at

exchanges betwe and STA D. T, s not imediately respond
wih 8 cremass s SDomasansmue kas, Tepdes wd e T g R G
predet er %T%h%%d%(zé&ﬂmﬁ&dlf R HERBE! AT r&spofs Qaq’t%@% 8 corttldicafBY retransmt

the RTS. s delay and retransm t process may be repeated several tines if
STA D doetandatds spapiyradnaximuhoughbaros sudhonimnes befard gimingtuprrddrtdeng peghdry a
maxi gn nunber, of such retries before giving up and taki ng anot her

appr oxth. “PPHP3Me exarpl e of Fig. 2, the nmaxinmum number of retries is not

reached. Wen it &apn Mﬁém rtR@m@ilrﬂdﬂl@n@rﬁHethfr&HEs isabfrdachely WRéE t hat
the tine period specified for SP2 has not yet expired and therefore

comuni cat TR siNAY starceahiy cad pf 8P bSTeoBanayl eote SRALD tireperiadainseified a DCTS
back to %Ifb‘Sng hgg I{Ot 9& ex\ﬁlﬁ‘ & hr?cgther%for%ragﬁlgﬁ{mﬂ§n with STA C may still be

possible. STA D then transmits a DCTS back to STA C, without waiting for another RTS.
20  When STA C receives the DCTS, STA C and STA D may then perform the desired

communication exchange during SP2, although the time remaining in SP2 for such
communication has been reduced by the delay caused by the NAV.
The technique described in Fig. 2 has the advantage of not requiring STA D to
violate its own NAV by transmitting when it is not supposed to. A disadvantage is that
25 STA C 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
-5-



When STA C receives the DCTS, STA C and STA D may then performthe desired
communi cati on exchange during SP2, although the tine remaining in SP2 for
such conmmpi2esrise3T7has been reduced by the del ay causedPpby/usb@oisdzi7 The
techni que described in Fig. 2 has the advantage of not requiri ng STADto

violate its own NAV by transmtiting when. it is n 0se
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respondi ng «[h@eﬂbaa&eh@gﬁmaé&%k ¥Rt QRsthA&) DTS mte iELQuNT 8 il Yol ess STA
Cis programmed not to take such corrective action before the expiration of
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t he desir conmuni cati éns exc ange unti time period expire
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with a CTSin t rmal  manner,, . t by cl he r t he desired
communi cdf1'gHes giéﬁﬁﬁ‘bﬁalb* 190@!@# %&W&ﬁat %Qﬂ%:q %ﬁl’é}f’ﬁaer of
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actions. t he, di sadvant age of requiri TA Dto transmt. while its
N 1L s eV hedfting RniaRS Gl Eit, T e e itk oF B 31w Boprate St on
from STA 1B thien3d feddce bhtismin@@Nhé GHRd @Rdlichntaudse STA D s transm ssion of the
DISto interfere with an existing transnm ssion from STA B to STA A Wet her
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precauti ong, WY S e iRkElenti8n " FARGE At iRlit M BEE ik PRIRI LS IhS qoY ik ages-

specific names, but other formats may also be used. The format shown may be part of a

or

20  medium access control (MAC) header. In the illustrated example of Fig. 4, the first field
is a Frame Control field, used to identify the type of frame it is. The fact that this is a D-
CTS frame may be identified in this field. The second field is a Duration field, which may
be used to indicate the time remaining in the service period associated with the RTS to
which this D-CTS is a response. This value may be determined by taking the duration

25 wvalue from the RTS, and subtracting any time that has elapsed before transmission 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 transmitted this frame, respectively. The FCS field
is the Frame Check Sequence field, used to validate that the contents of this frame are
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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Fig. 4 shows a diagramof the format of a del ayed cl ear-to-send, according
to an enbodi ment of the invention. This format indicates specific fields of
a speci fiwoepmeisws7rh speci fi c nanes, but other formts mray/sbeo/obyiused.
The format shown nmay be part of a nedium access control (MAC) header. In

the illusirated e e.of, Fi 4, the first fie IS nt rol
field, Eﬁaécﬁesisc?ﬁtq 46%%@6{1 06?Cerreé[h’é frams, %HA %ﬁg Cfi‘@f‘y g"f’]%e%c%% sis a
DCTS fr ar%haax (108 coL @Rt i rablt afe FoBEd oI CaRBErIrhELGntal FRIPUT atl on
field, which may be used to indicate the tine refmaining in the service

per i od agsgcindtsdy Wiis hs & E&SRT&Q ol'lwhiDutatiohifisldDnGTi8dicsteahe Bmpaemeninpins

val ue may, b rm ned e dur, h S, and

bt s act e A STk PR b Bt O Ry S hR M Bl & o
The RA arlﬂdﬁﬂe fih e dge SEQRITRSERNUrdNRvIRE LN HKs RIS EES 8K, %ﬁﬁ%@%hﬁ@ i ntended
to receive this frame and the device that transmtted this frame

respect i vxFiangTieé eSS hed ATH sstebleshrd theecuareicNASeefitbnéevied feangmitgisg ¢his o

| i dat t i
sore. onbdd Al AR BRGS0l S AN R Sl RS SRR oMY S or
al | i nst anipgsl RmswhnlaemVrDAaﬁtdﬂd hﬁlda&rSFEA@r@e@addd&@Tt&mymbg a@Iryyj der ed

i nt erchan eabl e for the sanme functional elenment. Fi ows a di agram of
t he for mddncodf the Haparent distcecnges boawedy e aeptews ahthedy |Sr?é1ﬁtth%PT§H%t a

i nveni{d o I : cat et he
addr eis(bs gpet hetlgg\ﬂegcgogtﬁfg% H&Ic%t‘éé g@é?ovngﬁhﬁg&%? &s\\lrlréeé &gﬂlgmﬁiteb may be
used to \Jaitiatiag ﬁletrhrmesﬁeheomﬁmmmatlsn ofchhfiges whilamee Rumtioe GeiduddhcDrCESt | Y.

The Frane ntrol fie ti.fy this as a DIS fra The Duration
field rra;}n‘i%gﬁf’%]é‘?"é nf“ﬁh en‘ée P@‘ﬁéaﬁ“ o P‘Pféplﬂmﬁ) Fe%ﬁ%riﬁ@ﬁ%mf?t%m tting
this frangchHae NAV-SA and NAV-DA fields indicate the addresses of the

source device and destination device, respectively, whose exchange of the
RTS and CTS ediighi stomsdwp varatess cemmuNAgtiofs ddweetewcmrélntgrtalas mnbbdmg:nt his DTS

frarre Inthe Vi 0 - SA woul d. i .ndi cat ransmtted
L ha"ols ot iion TG B R ur T AL TR R S gh RIS
transmt trhé}@b@us@l&) repEREntETA eanldRI Davtt tHé b4 RRGES cb wﬁ@ﬂs fnﬁ? beontents
of the D and the DTS is that the Duration field of the DTS indicates

how | ong uskétoodaseribanyiaf éhasepsumnunigations 1d_@Y19¢SeC_1QS¢ﬁlhe|datl iy dedvenang qleseed
communi ca4inqnex el %‘Rggf L@ ohgratd{i]oe6BJf0?Fb1§Hm%1Lc§{i Dol ?ﬁ F?{rS%T % 4 rllgas es how

much tinme the other device o conplete ques n ca
exchange.antenna 618, at least one processor 614 for processing inforrnatlon, 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 those of skill in the art. Those variations are intended to be included in the
various embodiments of the invention, which are limited only by the scope of the

following claims.



Fig. 6 shows two wi rel ess conmuni cati ons devi ces, according to an

enbodi nent of the invention. The two devices are shown comrunicating with
each ot hewoant/isihigref ore nay be used to represent STA Cpamas3MidoB371but t he
sanme internal conponents nmay be used to describe any of the conmunications
devi ces d\%gcr.i bed in this docunent. Device 610 is shown with at |east one
radi o 612VP#ris € Scating wirelessly through at | east one antenna 618, at
| east oney procgsgMarfid cbRprifhgcessing information, and at |east one nmenory
616 to hold data and instructions to be used in that processing. Device 650
is simlarly shiowhdeidcHonperfaasng orelcssadiiastion? cOmmunmatroms weh h neconddr el essly
t hr ough a(i?wléegtﬁt ong ant enna 658, at. | east one .processor 654, and at | east

one nmenorlyYE5eC PHELSS AFeGHonpliomlipuRicaiiont RIMBHSIES cal components t hat enabl e

the functi onalgdtingdareréiedosltpawlenbe NAVY M Ssslasy iBditectihBe defi@goi Ny
description is intended to be illustrative and not limting. Variations

wi || occuesargtiondsen pthigkdavicei n the art. Those variations are intended to
be included i he i i . t he nt.ion i limted
ony by the sasiarinb YR ATMZ e o VY Bt RES,

appar at uSrorts Gget&iddevecef i rst device for performng wirel ess directional
comruni cations with a second device, the wirel ess directional o

comuni cat i ondrgRPtNSite ghe sseand dryics. sithens drniak-topead (IFhS)/edeisrexpiption | n
response i )k g j%f t Jai i,ce; receiving,
duri ngé;a th?hrfé;ﬁ %gféﬂod;@ell%g??gét%gg& B{}ﬁf(?(;&?& : ée% gat}g)gto?tt%é-jlggﬁ)é a{iﬁTS) fromthe
second devi ce;petfoansigicotmnngicationd Weh slecench ddowi@eafteeetimtion ofltheiNA VL 0- send

(DTS) before _expiration of the NAV or a delayed clear-to-send. (P CTS) after
expirati &qd&ftelf%@mv@%&, FOPRFRG R Befofieing 4 ime Redcond devi ce

af ter exphdidhb@By e R1E AYRMUNARERN lU8Yicsai d transmitting, said
communi cations taking place during a tine period indicated by the RTS from

the secorid deviteewppratuflod chppdr whesinof claim 1, wherein: said transnmitting
conpr i? es tr ans%urz‘ii t}ai[nisrrrll tigg E)Jnsli)risaeg Qransmitting 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 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 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 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



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

recei vi ngwoheleeesynd RTS but before said perform ng. 3. pPChaSappasztius of
claim2, wherein the DTS conprises a frame control nessage indicating a
time remaining in the NAV. 4. The apparajus of claiml1, wherein t net wor k
reservation conpri SEEOBPYR O TARERSOy iih ey i G erigt BVlfaﬁénPEﬁﬁed

devi ce ar}qlAt;ygt addressed to the first device. 5. The apparatus of claim1,
further conprising at |east one antenna. 6. A nmethod, conprising

conmuni cat i ng wharghesidirgconiing, saidsememdtinig\aind saidipgrfpenihgcomngnopéeat i ons in
a first devjce, said. ope(li.at '{.onqﬁ .@grrpri sing: setting a network allocation
vector ( NAY COTRPPSHSHSISIQL 88K ng either a request to send (RTS) from a

third glevi ce orhean&h&@6f §9MSEWrth&omphisp® t he third device; receiving,
during a tinme period indicated by the NAV, a request-to-send (RTS) fromthe

second devi ce;reeaieing rianethagR TS dronhthic seconddicdies e, cxpiraéan ofithe dlA&rad ( DTS)
before expi ratt%a%@mﬂ{i%l%%ciog?\!toﬁ%gﬁlieﬁg% r’i‘@o&v‘%@%‘%’é‘s@&%d%ﬁs %‘{'lttb'%fogg‘iaiﬁecond

device after expira erern s recerving, sai
transm t tgeafgrmigd sai d perform ng communi cations each conprise using a

directional link. 7, The nmethod of claim6, further conprising: receiving a

anot her RTS f ridmmetbodaldnmim Gevieandhg RY'S sepiprisgsiaorgifont fidd pgdicating g
”ansmttt.{rg@reﬁlaﬂiﬁ%fﬁﬁg d (CTS) after receiving the second RTS but
ng. g

before said pertor The nmethod of claim 7, wherein the DTS conprises
a duraticdh fi eAdaitiobti coatpristpga tine renmaining in the NAV. 9. An article

conprising a conputer-re bl e storage di um.t hat contains .instructions,
whi ch when ex é’c‘i?tnéﬁlt%gfe%ﬁgﬁeoﬁmﬁ%er @eﬁg%@gfswgmse@ﬂmctwwv oV isthg

oper at i ONg:&ARPHY SHEK more processors result in performing operations comprising;
setting a network allocation vector (NAV) in response to detecting either 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
NAYV;
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 second device after expiration of the NAV; and
transmitting a clear-to-send (CTS) after receiving the second RTS but before said
performing.
11.  The article of claim 9, wherein the DTS comprises 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.



setting a network allocation vector (NAV) in response to detecting either a
request to send (RTS) froma third device or a clear-to-send (CTS) fromthe
third dewoepiwestxivi ng, during a tinme period indi catedPoy/ush@ongdzi7 a
request-to-send (RTS) fromthe second device; transmtting, to the second

devi ce, a denial -t.o-send (DTS) fore expirati aof t he NAY; and.perform ng
comuni cat i ongCEHIYIAS KN -%Sr?adgﬁﬁkﬁ%t?%Fecesz(ga?\a‘eq,6@? BFglﬁﬁ%tam{)ﬁ, a \wher ei n

the oper afy-ans Aluc iRGiSA g e }éni"a@ﬁﬂ% 3 dgbtwaikch BB RANVELRAY (VAKS Rk &ge over a
directional link. 10. The article of claim9, further conprising: receiving

anot her REsh fetomthchrecaelatentedand ce after expiration of the NAV; and
transmtting a clear-to-send (CTS) after r i ving the.second. RTS but
befor e sai d-pdFTGFARG LD a0t REmRprtalighiy T fig g diise e T DTS
conpr i sesexpirhficHer t(RONW! message indicating a tinme remaining in the NAV.
12. An apparatus, conprising a first device for performng wreless
directionad corhaapperatusehslaintl B, furtbeicemeprseng a deaghenc aatadinpect i onal 1 nk,

the wirelgss djregtion > ni cations conprising: transmtting a
request-t%ﬁsen nF%ﬁ%bC@%pﬁﬁgggecond devi ce;receiving a denial -to-send (DTS)
fromthe secon@dnteicingtwieclddllS withi sdcohd @evicd] bl peiformivigloperatiogl iaatfirg ti me
remai ni ng for a _network allocation vector (NAV) that has been set in the
second deleVics; saitheP HBRRISRHASRYIYNBEEquent conmuni cations with the second

doutsgorty ofter Sepligihersaheldp o Jlscapparalus of claim 12
comuni cating wi r elressviyg widchiabtosenad (D THeftbmehe bycopédéacaniang operations in
a first device sald commumcat g CoMpLLELAN H ANST 09ic only e
expiration of a time period indicated in the DTS;
wherein said transmitting, said receiving, and said performing each 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 wireless communication device;
and
performing subsequent communications with the wireless 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

-10-



receiving a denial-to-send (DTS) fromthe second device; and performng
subsequent communi cations with the second device only after expiration of a
time periwo 20rdistaved in the DTS, wherein said transm t PCmgiS261@i083717
receiving, and said perform ng each conprise using a directional |ink. 15.
The nmethod of clai.m 14, further %ggPrising; ransnitting acfecong RTS to
the second deVFEdVige p&lcaki-arndbil PATPBHG Mikelrss ERTRRUBISATIY: oS8 e vi ng a
cl ear - t o-0ditifd Bk LéMEhe second device after transmtting the second
RTS but before said performng the subsequent communi cations. 16. The

met hod of1%I aiThelticlahEcleinm 18, hehdddis tiooBibBicomprisesfa faaree caontol olessmgssage. 17.
An article conprising a conputer-readabl e storage nedi umthat contains

i nstructions, which when executed by one or nore processors result in
perform ng operations conprising: transmtting a request-to-send (RTS) to a
wi rel ess communi cations device; receiving a denial-to-send (DTS) fromthe

W rel ess communi cation device; and perform ng subsequent communi cati ons
with the wirel ess comruni cations device only after expiration of a tine
period indicated in the DIS. 18. The article of claim 17, wherein the
operations further conprise: transmtting a second RTS to the wireless
communi cations device after said expiration of the tine period;
andreceiving a clear-to-send (CTS) fromthe w rel ess comuni cati ons device
after transmtting the second RTS. 19. The article of claim 18, wherein the
DTS conprises a frame control nessage.
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