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WO 2007/123487 PCT/SG2007/000038 1 METHOD AND DEVICE FOR
WIRELESS DIRECTIONAL BEAM-FORMING TRANSMISSION 5 FIELD
OF INVENTION The invention relates broadly to a method and device for
wicetessicisectional beam-forming transmission, a wireless pCT/$G2007/000038
communication device using the same, and a data storage medium
having stored thereon code means for instructing a wireless 10
communication device to execute a method for directional beam-forming
transmission. BACKGROUND 15 Clirrent wireless communication
methods typically employ the use of an omni- directional antenna in a
devibEEBIAFRANRIRRY G EGBMIRREERR £ REGSIONALIBEAY -G SRMING
omni-directional antenna to trgramgmssianacket into a wireless medium,
the transmission is of a broadcast nature since the transmission is
typically transmitted in equal strength in every direction. However, one
problem with using the omni-directional 20 antenna is that the antenna
RiitathyF iInsNEaange of the device. For example, in a star-topology
network, slave devices may be assumed to be in omni-directional

transmjssjon range of a master device since they are associated with the

master BNe BRI ST e FuUIEBe Al S raise Taom slrsicha!
hereciRits Ersmintien. dadisitestheoractmenrtipe jeres viing Swnsermatanstia
d2la Qreagetheditm OretcgBierddethangs lupdatioris ineseasmie wireless
HARSMISHRA RAVEL ofdhefansmiting devige siichdhaking rapsmission

may reach an intended receiving device that was originally out of range.
t'B'ﬁéTBSr%’BFém may arise since increasing the transmission power typically
increases the power consumption of the 30 transmitting device. This may
BrcisRvaR@geous for a battery-powered device with limited power
resources. Another problem that may arise with increasing transmission
power to increase range is that increasing transmission power typically

incread8C MG S 87T PP BT SE BB P EbhaBRIeY the use’cf an omni-

directional antenna in a device for fransmitting and receiving data. When the device uses
the omni-directional antenna o transmit a data packet into a wireless medium, the
transmission is of a broadcast nature since the transmission is typically transmitted In
equal strength in every direction. However, one problem with using the omni-directional
antenna is that the antenna typically limits the range of the device. For example, in a
star-topology network, slave devices may be assumed to be in omni-directional
transmission range of a master device since they are associated with the master device
but the peer slave devices may be unable to communicate directly with each other
despite the fact that they are in the same netwark. |

One method to overcome the range limitation is to increase the transmission
power of the transmitting device such that the transmission may reach an intended
receiving device that was originally- out of range. One problem may arise since
increasing the transmission power typically increases the power consumption of the
transmitting device. This may be disadvantageous for a béttery-powered device with
limited power resources. Another problem that may arise with increasing transmission

power to increase range is that increasing transmission power fypically increases the
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2 interference range. In other words, there may be increased interference
with potential communication between other devices that were originally
out of range of the transmitting device. 5 Another method to overcome
the rangeslisnitation is typically to use multi-hop communicatiordgamlayoess
data packets. However, one problem that may arise when multi- hop
communication is used is that performance typically suffers since latency
between the transmitting device and receiver device typically increases
when relaying data packets during r%lulti-hop communication. Another
ipoBlensaargRaly aliser whidn, tisireg ridyrbeltdiepsed nnmadimiaationits Poaintial
cOSSSISOaRS Bapieally seqireded-one-prweRy eorrf‘dﬁ«}élﬂfg oq?\’é?ei%ng-gh'ﬁ the
ﬁ%%'ﬁ% EYents the relaying devices from transmitting their own -
communlcatlon and also typically increases their overall power
consumption when relaying is carried out. Yet another problem that may
arise Wisdreusiagad Ui dvepooenine unitstitmitstitatshgvicgiyhe samedatap
opaskelidsans il aaﬁi m;aemelawe,@@aeoﬂé g@m%ms&ﬁxng@%ﬁ%@ﬁs
e Um access.resource ma be consume
%r %%ﬁlﬁfjﬁgg%hﬁg }?\%ng cate ackets” I{?Rl Sen Tt UGB E apetween
e BEErRY slexiirernd fﬁa%lrﬁw Pco BB drretessuhiem ISR ate
parkAksedyinglmetitiorakamtemmicetivihndisingrtibiedireetionsl 28canteANRIng

M&W&fﬁiﬁﬁiﬂﬂaiﬁuﬁyﬁiﬂfﬂ% Qﬁ@ﬁ&é@é%ﬂ liPteRpal il g]rﬁgig)&!aym

dé%@éd% ed receiver Inste .of a, ener transmissjon broadcas
in every |rec opﬁqw e% %né’ nthgnr% gdlrec’ﬁgnaflf MR eSHRIET™HINTS T udiy

CAMELRERLP Bt -A5itn ﬁ@cﬁl’é{r@ﬁ’ﬁﬁﬁ?@ Heliveralie RpRE afigraRptiore xbenl
relaging angeattwands iténthethee qedbdendlebitesathetebwastabishinguditeg

C&iﬁﬂ?{[ﬁiﬂﬁi@“@%ﬁﬂﬂé@?}b'ﬂﬂ %%@%E@%%%%MME&H t%"énq%!tg% one or
IC oL I a e ICally extien
mbeHhed! r?éﬁ Eyl IGER 0TS ey 8386 q’éeaé'éﬁﬂ%?eﬁ esource may

without i ng fransmission power
?rﬁm@cfﬂrgﬁﬁww'ﬁdﬁ@é’ﬁ'ﬁﬁﬂﬁmﬁ a particular direction. Apart
from beam-forming during transmission, the device may also beam-form
ina ﬂﬁﬂ’(b@Eéeﬂ'r%ﬂgl?éiﬁr%rﬁﬁﬁﬁép%p@e&?érf%én%a;ﬂ rﬁaQ%HCHé%?gsofor
recti pical ases of the receiver
v %g%e?%nt Hﬁ%ﬁtl Ef)' e irection [};rn en(:aerI %ﬂ"&‘aﬂ‘fh ERRSIG A dEasian
a’iF?%lb%ﬂl%‘raﬁﬁmt?%%HH% rEiRkericaarimRy anin @ rasioutar disoierfromettie
amipteileshreeddirdstimanisof a general transmission broadcast in every direction when

using an omni-directional antenna. Thus, by using directional beam-forming, transmitting
devices are typically able o extend their range towards intended receiver devices,
thereby establishing direct communication without increasing transmission power or
using intermediate devices for relaying data. The range is typically extended without
increasing transmission power due to the fact that the fransmission energy Iis
concentrated toward a particular direction. Apart from beam-forming during fransmission,
the device may also beam-form in a particular direction during reception. Beam-forming
in a particular direction during reception typically increases the gain of the receiver
device in that particular direction and hence typically enhancing reception. In addition,
multi-path interference arriving at the receiver device from the non-intended directions
may be filtered away. This may increase the signal-to-noise ratio to improve reception.
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may be filtered away. This may increase the signal-to-noise ratio to
improve reception. WO 2007/123487 PCT/SG2007/000038 3 Another
advantage of using directional beam-forming is better spatial re-use of the
wivelasg medium. Since receiver devices may beam-form thegrivecaivessoiis
the 5 direction of their respective intended sender devices, the respective.
transmissions are typically carried out without causing interference at
neighbouring receiver devices. This may improve spatial reuse of the
wireless medium since the neighbou?’lng receiver devices typically do not
require waiting for the beam-form transmissions to be completed before
receiving their own data packets. 10 However, having discussed the

abov irectional beam-forming over using an
tgmni%ﬁ%@%ﬂ?ﬁ%ﬁﬁ%ﬁdrﬁ%wg %’rrogﬁlg_rrkr?]o 58 Flgrg‘lapecr'cﬁ(jﬁe a %égﬁq_?fdﬁﬁ?f“‘g"f
1 AR R SiRGe SRS e WMis s By s gty BiEn iefefeesivera in the
dypginibafiimémresreeiifedrappledrsanibediteat, dndrdges et resPaRddes are
bAoAl Ry SeRIMUR CaligRglaBraGKete BRISHERLAGY MG Hibices. This
HEpaiionansanR el e depeling device je heam. formed i an,niended
ddlr.ectlon,of la' transmitting device. Thus, the receiving _ev_léjé' S TEETY,
GHEBO T RO Bt Tranaiiie dro e Seatriorm darsminsinte i dis poreldtas

beferereghiatrgohsi winetniappaebpiense or acknowledgement packets are
received from the receiving device in relation to these other

ransmissi : r devi 8 ically 20 unable to determine
e e e el eh ARSI e orming
TR R BB 'fs’éréﬁz%?g%av@m RISCPEH e Yoing sigasienebbae fothing
iscrevileisetyipidaliyst istinuEhe dsefdingishe: dppimtlymsation pasketeihusAGt
oo T e o
e [ Ich,IS not responsive to. i I unicati
D e e WL Ml S L e e g
fegagidn RMEieRsE e resing Mg FrsRMitiagidavireafHass tha mesiving dshyiemris
tygealihenabldde wheiveusieg iinectionalentirtonroing Ve asRBSMibingG
diﬁ&ﬁiﬂ&.dﬁ*!ﬂéﬁliHS%&Q&{)HQ@‘H}O&Q’;M%HQW %cﬁfét‘éi r}_ged?%%gggg ?r%tm the.
W a receivin | rmines the direction
e e o PR trareb ey
u%’ﬂ)'lpe}mgggwe whether the receiving device is busy or whether the transmitted
communication packets have not reached the recelving device. The other devices
typically continue re-sending the communication packets thus not utilising fully the
wireless medium access resource. in the above event, the receiving device which is not
responsive to incoming communication packets, other than those transmitted from its

intended transmitting device, is termed as “suffering” from “device deafness”.

Another problem that may arise when using directional beam-forming is how a
transmilting device determines the direction of an intended receiv-'ing device, The
problem also applies to how a receiving device determines the direction of the-
transmitting device to beam-form its receiver. Although there are currently some
solutions to address the above problem, further problems may arise with each of these
solutions. One of these solutions is to assume prior knowledge of the relative directions
of the receiving device and of the transmitting sender device. One problem that may
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solutions to address the above problem, further problems may arise with
each of these solutions. One of these solutions is to assume prior
knowledge of the relative directions of the receiving device and of the
wangiidgsender device. One problem that may WO 200 PAR348i87/000038
PCT/SG2007/000038 4 arise from this assumption is that mobile devices
typically move and rotate on a frequent basis. Therefore, the prior
knowledge may become obsolete and typically requires constant
updating. 5 Another of the above solutions is to use an external
AR ERAITE aeHEstiRn g Wabmsbie Podes hinigatly steve andGPtSalevivépaudat
bage. thibecaipability efithexioansmpitting/sending devitadoperiopmuioalsimes

cFABGINGRAg-Qcation- positioning measurements. However, one problem

that may arise is that external positioning devices are typically expensive.

As for real-time ranging and location positioning 10 measurements,

distafibeteanint drpabevey piuignrdg iredacibeeriarmedibyrh dalevide.g. a
Gl thReostilibirafioByisciyipieal B bethdinre) apd powek qgesugg}jglg ,tyegf the
uBRAMRGIPH B0 F B0 0RO BS e FLADRIIING ARAEE 10, (LRHRS

a0 omni-diregtional transmission of control signals fo resetve
mediim accesa 95 irME%oP 8RB R TR HfRGHiE tiBh ﬁgﬁf@a&lf@&i@ﬁﬁlg

deeah-roPiRirlitetmenEien o Tercespinigndevinaingsatie ooaticol sigitialsing

masesentms theanmenidlireckanakisaaspissined m@d@aﬁmﬂ\g@gﬁw%me

adRiEARERh RN 80 dEcUa Me dpiedqg recelver in advance.

The receiving device typically determines the wect?on of the transmitting

device from the control signals sent via the omni-directional transmission

using &t FYiF&é tisrpbiyRrsIaligTOND cakciiatiensanitinedpdrs® thee an
omﬁrtﬂimiﬁﬁiﬂhtﬂﬁmgs@iﬂn%facodifﬁ@igﬁtﬂé hﬁ%ﬁ@éﬁﬂ@%%l@éb medium access
tirReniak @lfgégé%@ﬁ! g&ﬂ%ﬂ?‘l% Jd6 t%%%§{8H£PQe%§1€ ik mcrr]%l he ¢ lgrded

determines t /S%&atlve direction o the recelvin vice Usi

eI B Rl o Frassahya %@ﬁﬂé@?@ﬁt'@ﬁ@rﬁ%mﬁﬁpn

calcuia on

. therlgntialtiagiseviserapigeliimiediont Inowibantition af tes timdstasesiation

acaanbw|Ehdaéhé&mtg)ﬁé’fﬁ:@&@;&aﬁsﬂrﬂ‘é@ﬁﬂtﬁ}éﬁ|@ﬁé|)’diFHHﬁi§doth@"%’ansmlttmg
deqra@'n%we%@%mranémé@%&f the fFansmiting devi Frathe .E%%%'VAQ%
Iready be located within the omni- 3|rec |ona ransmissi

D ST O G G P HBEPS (e dRSRSIPB doAtar

d;rectzonaf beam-forming or an omni-directional transmission. The transmitting device
typically determines the relative direction of the receiving device using the DOA
calculation based on the received response transmission. One problem that may arise is
range limitation. As the medium access fime reservation and relative direction
caiculations are typically initiated by the omni-directional transmission of the transmitting
device, the receiving device must 'aiready be located within the omni-directional
transmission range of the transrnitting device. Thus, the range extension advantage of
directional beam-forming is not harnessed and the above scenario does not address the
situation of devices not being able to communicate with other devices outside their -
respective omni-directional transmission range.

Yet another of the above solutions is for the transmitting device to utilise
directional beam-forming to transmit a control signal to reserve the wireless medium
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directional beam-forming is not harnessed and the above scenario does
not address the situation of devices not being able to communicate with
other devices outside their 30 respective omni-directional transmission
vemg@/Nstugnother of the above solutions is for the transmititng/siexicertoss
utilise directional beam-forming to transmit a control signal to reserve the
wireless medium WO 2007/123487 PCT/SG2007/000038 5 access time
for subsequent communication with jts intended receiving device. As the
transmitting device typically has no prior knowledge of the relative
rsetiGReoPiha bR Freceivitrjide vide ithe trershitsigrdediote. As the
trtrastsittiits theiconipuignakima Mauﬁmb@anaﬁfhw%}%ﬂ?é gfg@ﬁon of the
m n an entir owever, -
e S e Rt atgan o »

e PER S a&ﬁlﬁ’v@ﬁ?ﬂ?{ﬁérb?saﬁ/ﬁiﬁaw|H%$ﬁt¥l§ﬁtﬂar?@\{§fr§|éalﬁntrre

g ey perfsrriahienchah ende witsssisHieri dbetherdiaxistmaimeed darated

conethqehaked: Systesn Dovdrelesadlinectionaty LAdmeam: fopmi \!(1@ iADSmIRaIN
rigrafdiessahleashqe of the above problems. SUMMAR 15 In

accordance with a first aspect of the present invention, there is provided a
method of wireless directional beam-forming transmission between a first
deviddearRl thesecairisdevieed tioe magibeicon prising econdustsg dretynal
benoréoaming-direatitsain leasmiss s beiwesmb a-iitet deyMisgand a third
device; conducting one or more omni-directional transmissions between

- the second device and the third device; and 20 determining directional

information for directional beam-forming transmissions between the first
SYAHAEHN devices based on the omni-directional transmissions. In
accordance with a second aspect of the present invention, there is

provi ' Vi comprlsm a fransmitter for
{%\ gﬁeﬁﬁ@%iigg%ﬁ%ﬁ%nﬁ#g §§$%%ﬁt§ct ST HranSrSIlohS R i Rrovided a

Mhtshe diire g dirstiond Rsear ?HP"?&Eﬁﬂﬁﬁ'mﬁ@ﬁ%ﬁﬁﬁférﬁfﬁéﬁéﬁﬁmd
a #REAEE AR deRatihel oviteotb colinpdsion aldndantinfo rminor trasrenoissialSdacR al
tratesstinsition blaviee; ansl RPIQSEES ORIOs GAREIRNING; aJHiRRR) Jredtional.

orfHiRiRRAHORPRSR ALLING ESGINET Hlrection Idg]\}‘%gré%t ORe third device; and
determining directional information for directional beam-forming transmissions
between the first and second devices based on the omni-directional transmissions.

In accordance with a second aspect of the present invention, there is
provided a wireless communication device comprising: a transmitter for fransmitting
one or more omni-directional transmissions to an intermediate device; a receiver for
receiving directional information from the intermediate device for directional beam
forming transmissions to a destination device; and a processor for generating
additional directional information based on the received directional information,
wherein the transmitter conducts directional beam-forming transmission to the
destination device based on the directional information received from the

“intermediate device and the additional directional information.
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wherein the transmitter conducts directional beam-forming transmission to
the 30 destination device based on the directional information received
from the intermediate device and the additional directional information.
WO2R00Z81823487 PCT/SG2007/000038 6 In accordance WitHTZs tkgal /006038
aspect of the present invention, there is provided a wireless
communication device comprising: a receiver for receiving one or more
omni-directional transmissions from a source device and a destination
device; a transmitter for transmitting one or more omni-directional
transifiSsRATdaRs tha B Guidel s et el irinive e Siveation. devieds prodided a
viirelees samfoiLigesteratingicirectignaininfarreativarfes-disestianpldagash more

Jmma&mmmmw&ﬂ tQ%é&%@%thﬁddﬁé@anmﬁeae%e a

on_omni-directional transmissions, received the receiver

bas

AR o% VN RE PR RS B 61?5?!&?8?65%8‘8% e soHee
dgiigahanddsandginaliovicéevissingivhe opersrs@minl-diseetiating  directional
infansstiissionsirddidnacearddnesiwithuadeisdhaspeniithie: esestand the

dégf@mseﬂ Jdhrtedsdeyifsd.Afamsiaragasmadiym @%&to@d%grﬁg }Qgé%gp

o e means for instructi g}% ireless  communication device to execute
f

IREHBd R AR bE mﬁﬁ&%{}%mg%ﬂ'%é%%?m%ﬁﬁﬁ% ~
dﬁ%@%@%‘ﬂ%ﬂﬁﬁmm oneererAbYE-giatiasdireriossioransmissions to
an intermediate device; receiving directional information from the

intermediaie ARVICEH0 L Al GoN MRLASHTHIQFIG l‘i\%ﬁ%ﬁs R@?e a’id@d
a

d stlnatlon device; generatin P%?addltlonal direction rmatlon ase

A Rate RIS AT MR SRS RS &tﬁ*}ﬁfeé’ﬁ'a"%%&?ﬁﬁﬂ?gf?ﬁ (RfidFRe a wireless
cRBEOieRHNh g dFdps s siBrery e aleStRthodn idevidecbtoml obetre-forming

trelireational, information cepphaty 20 spdhe: intersnadiriore\deeard dhei-
dMIHRE@MEﬁE&QQﬁé &efgnmﬂgaﬂeéfg@c&am@%%aw 13%% Jgghgﬁgle% orde,

present invention, there_is provide ata stora aving store
frﬁ%ré%ﬁ %ﬂ@“ﬁq@ﬁsdﬁ)‘??ﬁsfﬁﬂcﬂﬁacﬂm%ﬁncgfﬁﬁ"r’%ﬁéﬂ@ﬁ‘ﬁ%ﬂ@e fpa
desdaiirena dndero ofaethisti aditreamdiorelitng!2 rframstivisshesetheon  the
reasitiead eiifBEaing thersiemsnol: seaei\JagIoamer raRseeRNi- Qérﬁﬁlieﬁﬁihg
trgﬁé}ﬁggm q.)(g] %H%ﬁwgﬂbjﬁc&egi%& BgSérC?gﬁ qwétla}g?%%&rlmg rrrga?'on reCQIVE‘d

from the intermediate device and the additional directional information.

In accordance with a fifth aspect of the present invention, there is provided a
data storage medium having stored therson code means for instructing a wireless
communication device to execute a method for directional beam-forming
transmission, the method comprising the steps of receiving one or more omni-
directional transmissions from a source device; transmitting one or more omni-
directional transmissions to a destination device; receiving one or more omni-
directional ftransmissions from the destination device; generating directional
information for directional beam forming transmissions between the source and the
destination device; and transmittin_g the directional information to the source and the
destination devices using one or more omni-directional transmissions.
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directional transmissions to a destination device; receiving one or more
omni- directional transmissions from the' destination device; generating
directional information for directional beam forming transmissions
batemwenzthsrsource and the 30 destination device; and transaitkioguth@oeo3s
directional information to the source and the destination devices using

_one or more omni-directional transmissions. WO 2007/123487

PCT/SG2007/000038 7 BRIEF DE%CRIPTION OF THE DRAWINGS
Embodiments of the invention will be better understood and readily
B IEr DS IR O SEiRHE RRAMANSS art from the following written
description, by way of 5 example only, and in conjunction with the
drawighoBmaHENoMIB IR drifoR SANEMAIEARgraR Rl SIAIRY19M e ent
HeMoLk. OI?J}@%% 214:% a sgwgearna#c n|1llld1str<'f-1tfon of the medjum access time
partitioning. 10 Figure 3 isa schema iUy S h S RREr RIS tB A1GYPf
HBMRSTICWIGRIE 1 Ronusiematie tne staisasofréditm access time
partitioning by a master device of the star-topology network in Figure 3.
Fiduigwe Scitaehespalic fiagramlhisiiatinghe communication process
between the master device and two othéer devices in Figure 3. Figure 6 is
a schematic, diagram of the star-topology network in Figure 3 illustrating
Flge 25 angiewsiiciiysirationpttiammetitatrcrsaln? reditsoirematic
diagram illustrating how one device in Figure 3 aligns its reference

FGRCYBIode ERERRRR rerimR dhe mRaEdRyige in Figure 3. 25

Figure 8 is a schematic diagram illustrating a’limitation in identifying a

._device position for wireless communication devices in 3-D space based

FigHhé B8 frbamrss sl rigoediorshovessatishe phfigidniegvigrie fomster

dejdtevhinrgaditpctigynendrdisiances 80 ratios for directional antennas
based communication in another example. Figure 10 shows a medium

ess. time partitioning example comprisin
Fs‘agpe § is a sé?‘nema%?c cﬁggram r?ﬂEl)strating he co%nmunication process between the

master device and two other devices in Figure 3.

Figure 6 is a schematic diagram of the star-topology network in Figure 3 iliustrating how
angles in Figure 3 are calculated.

Figure 7 is a schematic diagfam illustrating how one device in Figure 3 aligns its
reference direction to the reference direction of the master device in Figure 3.

Figure 8 is a schematic diagram Hlustrating a limitation in identifying a device
position for wireless communication devices in 3-D space based on the 2-D model of
Figure 6.

Figure 9 shows a simplified network for determining directions and distance
ratios for directional antennas based communication in another example.

Figure 10 shows a medium access time partitioning example comprising
super-frames with a beacon period, a control period and a directional period.
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super-frames with a beacon period, a control period and a directional
period. WO 2007/123487 PCT/SG2007/000038 8 Figure 11 shows the
notations used to represent azimuth and elevation angles in 3-D space. 5
Prgase7123¢kows a sequence of handshake communication PorraG2067/000038
successful medium access time reservation for wireless communication.
Figure 13 shows a diagram used to calculate mutual angles between
devices in a simplified network, inclyding a source device, a destination
device and a master 10 device. Figure 14 shows an application of a star
topology network from a users' perspective; and 15 Figure 15 shows an
internBigstricttirehofva Wieelesistieos Mot CRIIGRANARE o FriQWFe 31 IS1Rvation
AMgushad-tupiiading a method for wireless directional beam- forming
transmission between a first device and a second device. 20 Figure 17 is
a schematic illustration of a wireless device for implementing a method of
wirel 484 d &Sy ba seansnemmef frandshitisoronDETAHIED for a successiul
NMBESORIPFRONM iedarthecidscriptiprbelawmaxsNple embodiment is
first broadly described followed by a more detailed description of the
exampleu%n:ilgocf,iment. ome portions of the description which follows are
t pheH,®

_explicitly or Implicitly BrRTRU T RpHe s fatsianeesprivene wsvigesr
"3 FIBRIESE pr¢aidneHE g eriesciryion dalestiittinredesittpatera master

demismaory. These algorithmic descriptions and functional or symbolic
representations are the means used by those skilled in the data _
procg:ssin% qrts Eo convey most effectively the substance of their work to
e

others okifled i’ F0TPPIRHSR 96 R/ SBORPRean IV Y ithisoattaAysers’

'p%f@%ﬁﬂtfﬂ?i Rfere, and generally, conceived to be a self-consistent
sequence of steps leading to a desired result. The steps are those

requiﬁ@ﬂr@hﬁﬁ@m@éﬁ‘%ﬂ@ﬁm@?gﬁudam of a wireless communication device.

Figure 16 is a flowchart illustrating a methad for wireless directional Beam—
forming transmission between a first device and a second device,

Figure 17 is a schematic illustration of a wireless device for implementing a

- method of wireless directional beam-forming fransmission.

DETAILED DESCRIPTION

In the description below, an example embodiment is first broadly described
followed by a more detailed deseription of the example embodiment,

Some portions of the description which follows are explicitly or implicitly
presented in terms of algorithms and functional or symbolic representations of
Operatior?s on data within a computer memory. These algorithmic descriptions and
funclional or symbolic representations are the means used by those skilled in the data
processing arts to convey most effectively the substance of their work fo others skilled in
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of physical quantities, such as electrical, magnetic or optical signals
capable of being stored, transferred, combined, compared, and otherwise
manipulated. 5 Unless specifically stated otherwise, and as apparent from
the IHFORnE, it will be appreciated that throughout the preH/SG2007/600038
specification, discussions utilizing terms such as "conducting”,
"calculating”, "determining"”, "providing", "generating”, "outputting", or the
like, refer to the action and processes of a computer system, or similar
electronic device, 10 that manipulates and transforms data represented as
ther kiR Bleriitimas AteaH @ BBT kI tePasikee o ibec cesiaisiesimilauince
of eiereseatieg Bs=physimhlauarhiessyithin thessccompire peySienm et ﬁlﬁﬂ@&ns

Otrgﬁxymtiguaﬁtﬁ@ggut%@&%mau %%’%Bt%voﬁ%w&%t sihilie & 1%%{4%%

However, |t

r-t etwork i rowde for cription urposes
St\{sf\;gulg %eg%%cgau ”t?éaegyg 850N sk(?lf) ?Hﬁltefﬂe scope of the
invention is not limited to star -topology networks. For example, in a

distributest epanthititig sheddotkethiescandaeagpaighbRst deviaRNRY iPRIRHY
afifuisQdn tﬁé‘t‘fﬂr&fg@ﬁl@ﬁ@ SIAaR: Qb RRtadhe &Q&Qﬁoﬂw‘tﬁ%@%% such as
" deg r{atlpn, d?c:uf’?n d(% re.lis a§chedma fic, FgWgram oft

SRt 5 RN ST 160 AR et e I8 m 7 §aﬁr'§ouﬁ5pﬂg‘t7ﬂ:e qope
likg, dggqr ﬁ%ﬁt?r?ﬁ@ﬂ GBI PRRTECH SoheRiDRLIRE RylsERBUOTEvItee desroTialevice,
theburesigdatice AP tiarafdemcedhatdpitiained 46 SEYaHONeiRR WIS She
cmﬁm&@ﬁ%@%& mﬁeioaétiér %ﬁﬂftﬁ?@l QS@%&%&@Q%%@J&F HG%%%IeosnwVYh Qe

dest{natlo device 1 The common neighbour device 106 Is a device
CHRBE IS W e Og‘f’?{rt g"&?@@ﬁgjﬁ%??a TBEBERPHESRIBY As¥itRSvice 102

and the destlnatlon device 104. The destination device 104 is in
direciohal desaptiternaisgu-angtofndicater by v dloR)refidhe SUEes,

HElRWER t%@utwggr@%@mgtdgrs&ggn@tm@% H%déﬁ?f‘{ﬁé?t by, Wine %6he

in en%n [ the, outrce ewcte 082 Based on the star-to netwo
T R e e R e e e g‘tﬁ@‘ﬁ?ﬁ'ﬁt‘ﬁt@rﬁ ES'I*?BY?BPEI@@TE%C
“elwmm%mn@@wmwsmm \deuise bornHdredivesipeotvety

bathayehetive stane dayvitesiassotietedwh and, each in omni-directional
communication range of the master device 106. WO 2007/123487
PCT, 62007/000 38 10 In the current arrangement, the medium access

time’; sgpartltl% FEPeRA ﬁﬁtﬁﬁ{gm of the star-topoiogy network 106. The network
comprises a source device 102, a destination device 104 and a common neighbour

device 106. The source device 102 is a device that initiates a reservation of the wireless
medium access time for directional beam-forming communication with the destination
device 104. The common neighbour device 106 is a device that is within the omni-
directional range of both the source device 102 and the destination device 104. The
destination device 104 is in directional beam-forming range (indicated by numeral 108)
of the source device 102 but out of the omni-directional range (indicated by numeral
110) of the source device 102. Based on the star-topology network 100, a typical master
device may be adopted as the common neighbour device 106 while the source and
destination devices 102 and 104 respectively may be the slave devices associated with
and, each in omni-directional communication range of the master davice 1086.
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source device 102 may reserve medium access time to communicate
directly with the destination device 104 using directional beam-forming. 5
Figure 2 is a schematic illustration of the medium access time patrtitioning.
WheOtiadiéAh access time is partitioned into periodic partitioR€1@$G2007/000038
superframes 202, 204. Within each superframe 202, 204, the medium
access time is further partitioned into an omni-directional period 206 and

a reservation period 208. The omni-gggectional period 206 is used for
omni- ﬁctlonal transmission by devices 102, 104, 106 (Figure 1). 10

Control | pac é’f%nﬁ'gﬁﬁ?ﬁ?f%%’hgﬁ(ﬁ?ﬁﬂ‘t‘ﬁ‘cﬁ?@%%ﬁ@letf‘a%ﬁ*ﬁ@ﬁﬁﬂﬁla!ﬁéhat the

. SPUiNErARYEd WithinayHesempintifketicraspetind 206ofinennaeidnagoRss he

distiedtiothésveservationdaretblfdhsaisiaiie for reservation by the
devices 102, 104, 106 (Figure 1) for data communication. The reservation

@Iher ?e for communication using directional beam-forming or for
communicafi (5?1%§Fﬁ‘§rﬁ?ﬁﬁfﬁﬂﬁt&ﬂ?&ﬁl%?‘éﬁﬁﬁi§%’icﬁc‘1$ et paititotng. The
misgjbpe acorsInitiegdisvireiéionan doliuperegervatitivfior ¢osIpRHRGRIOD02ISHIE,
wtm?@%@mlﬁff@r %2192011‘3%%%%?6@@3;%%3 rx§ttfb§l‘?<|§r Btha)ned into an
e apsissi ng.the o rectional perio
OHéf m 1 the ?g?fnfl%?n nei Egc?un;e d@é\,”ﬁl% 1%élo$absrl%seﬁ?va?f8ﬁ?fjé&ﬁ%hpﬁf@d
reservation petiBy 96 UBhsmisHoRo erfYissar WRvide4.0®6 (Figure 1).
Copfiphmsleitdrnsitedersiat omnedimtivtaltherintendet desinationcdavies
thb%ml% mmmﬂﬂlﬁfe@tmkfr@ﬁ?mlﬁﬁl%&e‘é@ﬁgﬁéq%ﬁ1Fé%!ﬁﬁn engg 208
i r ith the destina vice rou
:comr;%(g% nrq‘glIn h%%?a%g{wecog]%% & ¢ esir%tlo%gde e {HHTRsp org?fs fgta
R RIS gﬁ%?gﬁ??&ﬁ’@&%l&@l(?@“%"abﬁnfﬁnﬁﬂﬂﬁmm weingndissitmal

€ Comrmo
beRETdatRioehEstRannuTBtaie usiervatibriretioesttiaRmRerapted. Based on
the omni-directional transmissions transmltted to and from the common

neig t mon haur device 106 determines the
eIath\fqécmnllﬁzzJ(QG:St\lfcl)%?c;JLQ ée1 ggur?gg} ev{llllrgg d”m%%’é@ﬂﬁ%fﬁfﬁ%(ﬁ%@oféw

it ”%CS‘GVH BS%"&&H“}'ﬁ%dﬁ?uﬁﬁmﬂ%ed@&ﬁﬂnH# st ses et evive-digStional
rstekTitedutng réfaventiisstional afdtite diestinatitond aniceHMIHORRIRSour
d?mercgmmn@e a&am@ﬁh@aa@tlw%@stﬁ@gmme pfbostee oY S

tl | e dae erm nation of the above direction
:eggg}jm&?%@r%? niﬁd%%@ﬂ%%%ﬁn#" 'gsl%rﬁ% b st gy pfapisr idestipation

power at {e ¥bMAsHIRSIgRE0 ?'H@Vﬁ@ﬁo@%ﬁméﬁe source device 102

commumcates indirectly with the destination device 104 through the common neighbour
device 106. The destination device 104 responds to the common neighbour device 106
via an omni-directional transmission, indicating whether or not the reservation request is
accepted. Based on the omni-directional transmissions transmitted to and from the
common neighbour device 108, the common neighbour device 106 determines the

. relative direction of the source device 102 and the destination device 104 from its own

position. In addition, the common neighbour device 106 determines the relative direction
of the destination device 104 from the source device 102 and the relative direction of the
source device 102 from the destination device 104.

The determination of the above direction information includes calouiating the ratio
of the received transmission power at the common neighbour device 106 from the
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WO 2007/123487 PCT/SG2007/000038 11 source device 102 and from
the destination device 104. It would be appreciated by a person skilled in
the art that absolute distance of the source device 102 and the
déstiatiaddevice 104 from the common neighbour device BOG/ismov/600038
required. Therefore, any range or position measurement that requires any
distance calibration is 5 not required. Details of the determination of the
direction information will be describ (;I in more detail below. After
determining the various relative direction information, the common

seefghipiiedEidcend dem dhe meaiinhéoretistice dirbcliomitddrenatioectaidtiey a

_psedicexdevice 16 3A2andutheidesivation devicestboAlRIansMiting e

dé%a%@'vc%\qyeeqw jnfarmation,assu %fgﬂb%lﬁt the;co u%g%ytorr]el%unred |

Tge%gest as been accepted by the destination device 1

Rbodrugvies iro%OBFSQdB%%%%f?H‘%ﬁB%hFF@P&% RIS &2 ibiatinars
neideagisednitelading b dsirioimtipackéte thepfhaintbrenetise vl dbeniedibed in
maecessitipaus used for communication, the source device 102 and the

destination device 104 align their reference directions and directional
antennae toward each other using the transmitted relative direction

inforfaflor FEABRES Al PSRN SlisHenr arRaliene thn sapmee
neighhesrdsyies hefniterareitmtel rpsibleetirective ifdatimaiiondédceltd dsitg

1uirest analibaRaide @aing tsoRfisM-HnerARing %U@a@@@%ﬁ%&mﬁmformatton
2dSHRREHAN IR ARPHRANGN AGYLSP O BLERRONGR ALY AISTUERGS, dovice

res;onsg{ﬁ)ac ket to the source device 1 re t e source

Bop IRk devrs %t?ﬂaﬁﬁatﬁ.éa?e%we@ﬂyrﬁﬁwem ittt
mgdiiy aiceetidriel Uséane-bioadingl. FEtesource device 102 (or the destination
device 104) then informs the common neighbour device 106 of whether

Or WIS (RS EBNRA AR AL Sy USSESSILBY IR R 2o

control packet via an omni-directional transmission e reserv

dvismliranshthe devination fleice d8hwliomthriigpibeincadirations gnd sHimiines!

antsenmecower perlodibellysine thedidinsmitied egistive dirasierviationatheoyise)

fréhetRO MBI AlgHI Our dwiﬁem@Gﬁe%?B@wemdquﬁ% CTo e
V re I’V&tI.OI’] onfirmati ﬂIS uccesstul, t

ped% IR QUSRI BLRR SAIRA) Bl B T et e

MERATLAE SHABE JeRRRptice- (R ArsinAtantR etk esponds by transmitting a

response packet to the source device 102. Therefore, the source device 102 and the
destination device 104 communicate directly with each other using directional heam-
forming. The source device 102 (or the destination device 104) then informs the
common neighbour device 1068 of whether or not the reservation confirmation is
successful by transmitting a control packet via an omni-directional transmission.

If the reservation confirmation is successful, the common neighbour device 106
continues fo announce petiodically the medium access time reservation. Otherwise, the
common neighbour device 106 stops announcing the medium access time reservation. If
the reservation confirmation is successful, the source device 102 and the destination
device 104 communicate directly with each other during the reserved medium access
time using directional beam-forming.
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time using directional beam-forming. WO 2007/123487
PCT/SG2007/000038 12 Based on the announcement of the medium
access time reservation by the common neighbour device 106, other
WeGeEKIWItAIIN range of the common neighbour device 106 &¢8 /G 60038
the reservation and may reduce "deafness" occurrences as mentioned in
the Background section. In other words, as the source device 102 and the
5 destination device 104 are commugigating using directional
beam-forming, the source device 102 and the destination device 104 may
not reBAEHH B Bt ESHISRRAERES AN aRslivesasness them lsyahetenditiche
devivesnSghbeuthdsdcothes, devicesdresawitite afriie oabeyeotiresiiaBahbour
ReRA-Fo5raR %GR BH B AUEN LS HRAE SRANSNERE S§ DS S QU G onces as
rﬂgr\’tgﬁe%%ﬁ‘“g/ 2 t@%ﬁ&“‘%ﬂ"G‘ndoi"é%lr%‘s‘ Spested and,not
attributed 10 10 "deamess' These OIErGETie8R iag ot drygg 102 and the
testratinttidgvicsm MuATe Rsrpaigaling tesiagetipelienati bemefeminan dorshace
desentilbardethic ed0ihatioti| dheidee i -foaming regromaudi e@NciSnmunication

- RRpee dMENSJeReEPIney fagicleaineshRIRIRMIAL DS SAlVed of fhe

ince every slave device.in a star-tapqlogy network is in omni-directiona
e B b Sl S AP @ e Sours
Bitiei-diPecheiar Bhsadesiitaipmeianienidnf alscesecdinsk radenvhtishiivtadt to
“timsited €0 ThesmaibteT dieideemEp tiexadele rtheritoaeashmnaabeh packets to
tadtesA Aty ehkRieadeHtionaly HRESIRIRGBY W& R0uIes RUICHNS am-for ing
esiination device, ol 20 folowing fhe general ovevicw abovel the
CUrrent arrangemant 1e descrbed i P mord et BETSwP BRfIP Py solved
SR SIS B R 3 Eitlnsiegy Minwtris30ermi-drestiondovitgs 302he
mgdlee dadster of the network 300 and slave devices A 304 and B 306 are
associated to the network 300. It is assumed that every device in the
netwq{léwgng%S has a Ee(fjet ence direct.%on v_vhi%h each device measures
direction from; THe Tererence -diretlion eE% eSS e medparcess
g reats iR Pk I itpHdo e repvier daveaidies SEIaiedtBd Profdtastonay be
atievilasiASCddin B!\ B06reedped iyahearamns indicalerbilestination device, or

both.

Following the general overview above, the current arrangement is described in
more detail below. Figure 3 is a schematic diagram of a star-topology network 300, A
master device 302 is the master of the network 300 and slave devices A 304 and B 306
are associated to the network 300, It is assumed that évery device in the network 300
has a reference direction which each device measures direction from. The reference

direction 308 of the master device 302 is as indicated in Figure 3. The reference

directions 310 and 312 of slave devices A 304 and B 308 respectively are as indicated in
Figure 3. ltis assumed that there is no prior knowledge of the directions and positions of
the devices 302, 304, 306 in the network 300. Based on this assumption, the reference
directions 310 and 312 are not synchronized with the reference direction 308 of the
master device 302. |
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Figure 3. It is assumed that there is no prior knowledge of the directions
and positions of the devices 302, 304, 306 in the network 300. Based on
this assumption, the reference 30 directions 310 and 312 are not
symetiromzsd with the reference direction 308 of the masterdesicend0@o03s
WO 2007/123487 PCT/SG2007/000038 13 In the current arrangement,
the angles are measured in radians and are measured in a
counter-clockwise direction from the reference direction of each device.
Angles 0 A 314 and 0 B 316 represeﬁt the respective directions of the
devicdnAtBOLameht thgagwivenB 386 aglistemmineddron therreferenae! are
rﬁé’@.ﬁﬂgﬁl ia%o@ﬁﬁmmedﬁbﬂ%ﬁ RB08 -ANRIRSA: 38804 &%g’gip dewce

resen of the m ter dew 2 determlned from th
@pec%(‘/t’e&qucﬁa erend rfaeg ione 310 Shd (39 "HRACGR didRoTg % ’ér?&‘ﬂ"f‘é‘d

tions
th‘é\ﬁ@‘écs BOESAa gﬂ@ma@zﬁommes*emrm dimrgtivardifef encerpatwvderice

ibe reigeenge shigestion 3ok ibedavienARddanditherefetencvice 302
a‘@(é‘rﬂiﬁ’éﬁ%ﬁu%&%gﬁ@@tﬁ;@ 889@&% cfong's.eM @g'élgfp{?ei s ”]&33 4

angular difference between the 10 retference direction evice

B6"h e BrePln A0t Seac PGP instasrsiiersnss Ariyran the
ralRee 32 dilediaB 3 1824f dhe Wrvissufed04itindedpectftoetive dizfetienc®s of the

likgeti 01328 38N 0le 4B, 326 aprasents the @Eg@ﬁpmmmg%@%& 308
A SRIepRad i g eleanes diaclon | FR0S %Q;%Qeyrgﬁ i 304 while,

an rﬁ B,A 328 represents the direction evice
’?Pe%F s 70m dnelvarerenB2IfBEm 324 319 BriRe Hevide BSBOE. to the
r&@‘uﬁeédwea@ﬁhemaﬁa@:éIm}mm@rﬁgﬂwm&%%%ﬁ&@@@ﬁmm&

h[gmrpnaesdt(?r de |ce ure 3)..The ast r device 302 gsgure 3

Parttions the. me Fuerﬁenagces% e mt %I‘ﬂ?%lﬁb%%ﬁ’m , 328
FEH@WBE@%F&WC@.QT? ﬂs@zdwmarﬂnéwesphmnomed into BrBedoonck dhiedion
ABRY H4eniseaninp Period (CP) 406 and a Reservation Period (RP) 408.
The BP 404 is reserved for the master device 302 (Figure 3) to broadcast
at least one beacon frame using omni-directional transmission. The CP

406 i LB Y e bRORISSTHSHFrETL AR BRI 1RTEER Y feprtitioning by the
neastal-dindetiéhaliiavrerdls Sion rodskenvodre @D Hikets Hrdatiopatietseding

aBResiUimacaessaHbuR: iBuenah408ds nmzbJ Esbﬂédpeﬁ%ﬁ%ﬂélgnm Reurther
pgﬁ”\‘&%ﬁ 'ﬂt%l%%%g %;?(99 (@9%3 %) %(rjsl%nbl%?%gsagg] a? Fieservatlon
Period (RP) 408. The BP 404 is reserved for the master device 302 (Figure 3) to
broadcast at least one beacon frame using omni-directional fransmission. The CP 406 is
used by the devices in the network 300 (Figure 3) for omni-directional transmission of
any control packets or data packets. The medium access time in the CP 406 is subject
to contention by the devices in the network 300 (Figure 3). The medium access time in
the RP 408 may be allocated by any device in the network 300 (Figure 3) for
communication (either using omni-directional transmission or directional beam-forming)
without any contention. A target medium access block 410 is a period in the RP 408 to
be reserved by devices in this description for communication.

Figure 5 is a schematic diagram illustrating the communiéatian process between
the master device 302, the device A 304 and the device B 306. In the following
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the RP 408 may be allocated by any device in the network 300 (Figure 3)
for communication (either using omni-directional transmission or
directional beam-forming) without any contention. A target medium
HErews/dek 410 is a period in the RP 408 to be reserved [y teGines/innoss
this description for communication. 30 Figure 5 is a schematic diagram
illustrating the communication process between the master device 302,
the device A 304 and the device B 3Q§. In the following WO 2007/123487
PCT/$62007/000038 14 description, reference is jointly made to )
EomipieRAiseR e RlERATR 2 ceifRIeestaRtipige e BomedicaonreGand
FigiteatBs the reservation process by sending a notification packet, 5 called
a "Directional Reservation Request" (DRes_Req) packet 502, to the
mast i 0 request reseryation of medium access time in the
O e D e oy B ghapioaton packe,
BlethetoHiifiTte rh&prvalinte Rprusett G3ok ReahsmitielddtHe hasterster
deeigic 80302 weirgtapservatiodird ctiohahtsansmission iRdhe QI3 146miiRicate

VIR SIBVIEI\BCB B2V RREL QA SIFISIORDCRRLTBR 0 Gz%a'dp%é’l‘!&e@%%r is
2Rk %Q%Eesgg\(grt'genviﬁ%qﬁjt?t s accepted. The mplementation of the
decision procedures is beyond the Scope of HiresHRnsh fiaRerasEanm g el
i TR GrgSifDHOMRR AR 1RaX CEEpted, drsinnBTeraisvisdoaBRIdsot et not
thntensudatiog etqlesiie B@P60f The reglervatioiresiursidusitighanepiied %

. beisetivBalyansasivRibdhe CP 406 to forward the DRes_Req packet

502. After receiving the forwarded DRes_Req packet 502, the device B

306 responds to the master device 302 using an omni-directional

transASEBRYNtHRk P MpesrvRitne deaLeRhistseentedotinermeservegidre 302
npéifiere $reofrdeviee Arged devirecEptad. AssenisgribasthedesevatiPRn omni-

dheaunsh isacarrier ithe.devicass 306 rmnamils %ﬁ@éf%%oﬂ%g&;gdt%?g%&

T e e o SR s opss e et

stage, e mas er de\_/lqe“ ( as receil
dGYiER AR AR RaEierirnabinanroissiontis Hhe /R 208 0ddistindaviethd or

n@0Be Téremvadistercqlesiosf 8623deas aateguainiRiormainmipeal aatadhaton
redjugieSs(@dbeBiél 3d, 838465 BeBStransmits a “Directional Information Request”
(Dinfo_Req) packet 504 to the master device 302.

At this stage, the master device 302 has received communication packeis sent
via omni-directional transmissions from both device A 304 and device B 306. The master

device 302 has adequate information to calculate the angles {(e.g. 8 ,314,05316, ® 45
326 and ®g 4 328 of Figure 3).

To describe how the angles 0 4 314, 6 3316, ® 45 326 and P4 328 of Figure 3
are calculated, reference is made to Figure 6. Figure 6 is another schematic diagram of
the network 300. As the angles 0, 314,0,316, ® 48 602 and &g, 604 are calculated
by the master.device 302, it will be appreciated by .a person skilled in the art that the
angles 0, 314,60 5316, ®,5 602 and P 5.4 604 are calculated based on the reference

direction 308 of the master device 302. Therefore, in this current arrangement,



10

15

20

25

30

25 326 and 4)B,A 328 of Figure 3). To describe how the angles 0 A 314, 8
8316, 4)49 326 and OsA 328 of Figure 3 are calculated, reference is

made to Figure 6. Figure 6 is another schematic diagram of the network
3002AFtHdsaNngles 0 A 314, 0 8316, (A,a 602 and 08,A 604 &re/sateeiareas
30 by the master device 302, it will be appreciated by a person skilled in
the art that the angles 0 A 314, 0 e 316, (D As 602 and 4B,A 604 are
calculated based on the reference djgection 308 of the master device 302.
Therefore, in this current arrangement, WO 2007/123487
pcT/S2E8%0d0esR0 1‘5%43”’&2602 ' AS 326+a,A822 (1) OB;A 604 =

2Tr - $B,A5828 2nea32442) dheangles (DA,B 6Qz)and KP$A 604 are
utilised by the device A 304 and device B 5 306 respectively to

beam-form towards each other after aligning their respective reference
directibifs036%RdF2 @R aeRivbrrea HireetorBOB U tHe Hdd stet diside

3862rsEpeclignraetpreeess oitadeyite Ahéoéﬂ%?dad&w@e ReAORgective
SRR R AT AT S CaRat e  DSEoAR covcs
rrlva [563&

calculating 0 A 3 using a Direction o
*BrothA ﬁ{'%?"am} B&?fgfﬁwyéf@aﬁi?av@r%wmgew ﬁé&%@d@bﬁ%@ez the
apglesi|8ie3! thendafg s O=p8ditaind 0 B 316 based on the DRes_Req
packet 502 (Figure 5) received from the device A 304 and the DInfo_Req
packet %ﬂ ?ﬂ ure 5 received from the device B 306 respectively. The
above” rg%‘# §%{? HEGohd 8 2t fle o &G B Ctien ehABTEl SRS

alyesthibiogathectzcplatian] dheh dBahandiid B BPdeTiguietedilusiiales:
afieecierenaciirecians 810an0 F2seeliniedl &Qfgﬂﬁfgg ”@g&;‘g“

308 for descrémon purposes only since the angles

R4 treiRisaI Ciandidhy \Wﬂ?f%@%‘é%%é%f@@‘#f@e%|Fé%¢ﬁ3itﬁ8@fthe

deyiseriadeerepadiy S0 X HRGIDReGlG dihth DBeGRS arbthh escompetiivanvention.
distances of device A 304 and device B 306 from the master device 302.

A varjahle b,3s@ [alio:ef D4, 506,10,88 608 mggeéﬁr%%%e%ij 604, Figure 6
Hustrates the reference directions 310 and 312 as alignhed to the reference direction 308
for description purposes only since the angles Qap 602 and P, 604 are initially

calculated with respect to the reference direction 308 of the master device 302,

" Da 606 and Ds 608 are the respective distances of device A 304 and device B
306 from the master device 302. A variable r, as a ratio of B, 606 to Dy 608, is
expressed as
D
e
D, (3
The angles ©,5 602 and @5, 604 are calculated with respect to r, #5316 and s 610 .
where
Uy =21 (1T~ 9 ,4)
=TT+ G, (4)
Using trigonometric identities, the relationship of ® .5 602 with a, 610, 4 5 316 and ris

expressed as
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r= DA (3) a 25 The angles (DA,B 602 and (PB,A 604 are calculated with
respecttor, 0 B 316 and aA 610 where aA=2Tr-(Tr- OA) =Tr+ OA (4)

Using trigonometric identities, the relationship of <DA,B 602 with aA 610,
U8 B1B1aMdT is 30 expressed as WO 2007/123487 PCT/SB200F100003838
16 frsinag+sinO3 ~A,6=tan' cos BB+rcosaA (5) 0Oe,A 328 is derived from
(DA,B 326 and is expressed as 4' SA = OAS - Tr (6) Therefore, as aA

610 and 8 B 316 are known values, ?QA,B 602 and OB,A 604 are 5

determined afte calculatir]g it It would be appreciated by a person skilled
in thqurt th{a\ V7 methods tg galculate r. Two such methods
are de<iben betess 10 o8& method to callllate is the master device

302 compares the received signal strength from the communication
Drack&ésiaridifien fPom 3R a6VRexAe3I8a%H%d device B 306. During the

reseryation prgcess described previously, fggm the received DRes_Req

T aclget 502 ‘%ﬁel ure 5).and DInfo Req packet 504 (Figure 5) respectively,
& aster L35L Y it AR IR tRlEd BomeP W &ih surbfiyie

df@fﬁéthawi réeisaclidihpackets 502 (Figure 5) and 504 (Figure 5). Let PA
and PB denote the power of the received packets 502 (Figure 5) and 504

(Flgu ectivel ending on the wjreless channel model or other
imp Ie{m“e;%tlftm%g} g em%ca:gggﬁm ?%rngnzf’n?e]elﬁcilbnné ?paﬁemégﬁﬁ%é‘fﬁeaé{%a

mﬁ[ﬂ%‘? Qifg'onEss- dissisd B‘F‘fh%daé‘{ﬁd@%ﬁ%?é bRlsWansmission is from Is

established. In this description, the normal free space propagation path

loss mesiplddset i RIBNUIHNGNG JEIREA URmpares the received signal
strength from the communication packets transmitted from the device A 304 and device
B 306. During the reservation process described previously, from the received
DRes_Req packet 502 (Figure 5) and Dinfo_Req packst 504 (Figure 5) respectively, the
master device 302 determines the received power or signal strength of these received
packets 502 (Figure 5) and 504 (Figure 5). - |

Let P4 and Pp denote the power of the received packets 502 (Figure 5) and 504
(Figure 5) respectively. Depending on the wireless channel model or other
implementation specific assumptions, a relationship between the received power and the
distance of the device where the transmission is from is established. In this description,
the nommal free space propagation path loss model is used for establishing the
relationship.

in free space propagation, the received power P, and transmitted power P, are
typically related by the equation

Ao
P=P
‘[4@} G.G. (7)

where 1. is the wavelength, G, and G, are the power gains of the transmitting and
receiving antennae respectively, and d is the range separation. Therefore, according fo
equation (7}, the received power P, is inversely proportional to the square of the range
separation d. Using the relationship in equation (7), r may be expressed as
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In free space propagation, the received power P, and transmitted power
Pt are 25 typically related by the equation P,=Pt[4Wd] G™ G, (7) where X,
is the wavelength, Gt and G, are the power gains of the transmitting and
Yeeaing3asitennae respectively, and d is the range separatReL/J¢mapcfione s
according to equation (7), the received power P, is inversely proportional
to the square of the range 30 separation d. Using the relationship in
equation (7), r may be-expressed as,WO 2007/123487
PCTISG2007/000038 17 r = PA (8) Therefore, one method of determining
r is to utiligg the power of the received packets 502 (Figure 5) and 504
(Figufé P5 Another method of calc&%ting r is by comparing the
transmission delay between transmission time to reception time. The
Th8i6ie"8r PR At Sleiritraling fisteHilemiivgranerted theriessivaciptaets
Sf@r{the: B ResndRey (Eghet H02 (Figure 5) transmitted from the device A
304 to reach the master device 302 and calculating the transmission delay

for t Info_Req, packet 504 (Figure 5) transmitted from the device B .
306 (o TR Bl B e B e veen

RS IR La SR HEttRecEive ARy hFcaisaminedrivl itk dalauhting

B RessRietiopatiey SOAEIDRee Feanphithe: BIHFRee HockedhRd(Frighiee

dSVid6 APETLINE Nadh @H%@M%@@%@%%igm%%ﬂgnq%b%? 4 tfor
e aire

t algulated, As.the, fransmission del are appreciated to y
e PR e T oe Rt i precin
el LesRsvties HpetafvRIySion dRiad estidriesdned based amttirsalioswmive
tiegcrifetivatidhirslidedenapproBiatarkh\pacrerson idles sn atHieriohas they

Alrsolseralues 3 r r | Icula -
fhgﬁf‘% a? u%égg@aﬂd t?f %%ﬁgﬁ%?%g ,Lt%%é \?gr%%]jgegés(g Wﬁ?&%@%ﬁﬁ oér?el f)’s

IS sufficient to ca cur%?%nﬁ?fﬁﬁ\% BO2SR PR BB BRcAtrEt iR ReliRis to
R REEREiesesitbnabrandaty eelieensoissitr drdesn drmeisuraclatively

gelidtesiiomté\ffior determining the angles 0 A 314, 0 8316, OA,B 602 and
OB,A 604, the master device 302 proceeds to transmit information

compyising the angles 0,A 314, 0 8316
Fg{aé.eogon ?he a%ove descn%%on, % would be appreciated by a person skilled in

the art that the absolute values of D, 806 and Dy 608 are not required to calculate @44
602 and © 54 604. Instead, the variable r (e.g. from equation (8)) is sufficient to calculate

D, 602 and ®p, 604, Therefore, the devices do not require additional ranging devices

{o calibrate and measure distance.

After determining the angles 0,314, 85316, ®,, 602 and @4 604, the master
device 302 proceeds to transmit information comprising the angles 0, 314, 65316, @
s 602 and © 5, 604 to device A 304 and device B 306.using an omni-directional

transmission to broadcast a “Directional Information” (Dinfo) packet 506 (Figure 5) in the
CP 406 (Figure 5).

Based on the 6 4 314 and 8 5 316 information received in the Dinfo packet 506,
the device A 304 and device B 306 align their reference directions 310 and 312
respectively to the reference direction 308 of the master device 302. The alignment
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25 AS 602 and 1 BA 604 to device A 304 and device B 306. using an
omni-directional transmission to broadcast a "Directional Information”
(Dinfo) packet 506 (Figure 5) in the CP 406 (Figure 5). Based on the 0 A
B 208h e 316 information received in the Dinfo packet SO6T/ B3 @ig00038
device A 304 and device B 306 align their reference directions 310 and
312 respectively to the reference direction 308 of the master device 302.
The alignment WO 2007/123487 P%r /SG2007/000038 18 process allows
the device A 304 and device B 306 to beam-form towards each other
PRERSAEAFh & Ped@ive I afftfl DAY Be6B 2eh b eam-80n fowpaistivatyy. dHorr
balegaitingdbaelighgentnroosssadebereaeadsgaarsyo Figure 7. Figure 7
is 5 a schematic diagram of a section of Figure 3 illustrating how the
device A 304 calculates aAG 322 and aligns its reference direction 310 to
the rEREaCEDINALER AT RInsthcisiaietevicerBde isdiadonh Saenn
a Wirematitalidendreofa 304tecdiFesith e iRistfatipaciet thO GdFigura®) calculates

oRrogsicash byigl0 themasier drMies.30 ib reesivesing information 2 QA

314 from the master device 302. In addition, the device A 304 determines
MR ARG LiRBREL Y By2282702) the Dinfo packet 506 (Figure 5) is sent

from, using techniques such as the DOA algorithm or any other physical

! ) techniqu . .
o rplGR MOy SRR ISEDIN ARtk bl oy
g SIS Ao A 559 en U IR 30 B e AL SR MRS iR 02

In clidéititiont3d Bclvird R BOH sletcarmBed 2k sivébadrit(indrligne gywith the ieterpnse

irect] i 2. The final aljgned reference
A LR R U B
OURFEVREWSK5D G mARY HEPS pLItRc Sraelt deahiuesh ABe demietve aligRds
expesesedae direction 704 is determined based on aA=2Tr-(Tr- BA) or
aAz];r: QAQ(}Q)T;F_hg aAZZ[OG is used by device A 304 to determine whether

or not Its reference d‘?rectlon .
or s ST+ Ba- ap {(9)

Based on the calculated « 4, 322, device A 304 proceeds to adjust the reference
direction 310 by that offset «,, 322 so that it is aligned with the reference direction 308
of the master device 302. The final aligned reference direction is indicated by nurr:ieraiA
704. The final « 4 706 of the master device 302, from the perspective of device A 304,
based on the aligned reference direction 704 is determined based on
Oa= 21— (1T § 4) |

or Ua =T+ B4 (10)

The o4 706 is used by device A 304 to determine whether or not =its reference direction
310 is correctly alighed to the reference direction 308 of the master device 302. This
determination Is carried out by device A 304 comparing a4 706 against the direction

(indicated by « 4 702) the Dinfo packet 506 (Figure 5) is sent from.

It will be appreciated by a person skilled in the art that using the same method
described above, device B 306 aligns its reference direction 312 to the reference

direction 316 of the master device 302 based on « g, 324.
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25 310 is correctly aligned, to the reference direction 308 of the master
device 302. This determination is carried out by device A 304 comparing
aA 706 against the direction (indicated by a A. 702) the DInfo packet 506
YRiIRe0e/ Bp487sent from. It will be appreciated by a person skRIEHSG2A96/@038
that using the.same method 30 described above, device B 306 aligns its
reference direction 312 to the reference direction 316 of the master
device 302 based on a 84 324. WO 2007/123487 PCT/SG2007/000038
19 After aligning their respective reference directions 310 and 312, the
device A 304 and device B 306 directionally beam-form toward each
other basetlgmyteeingipsciniomnadion af{fionB H02Migurend) kDB
Ridiaus Shseaneaiiely. A alieT QAReEUle e BTN BIOHOY g cs

frocess after the devices A 304 and B 306 are beam- formed towa ds
WOERPEIASY, PerfRA LRI RD daKe fHGHEe) Agreresim-forming
towards each other, the device A 304 and the device B 306 communicate

d'reCtlb{ QM@P%@SS&BE%Q LR rIHRER FB@QQ %Qrcﬁ%sﬁe“@e% TRSSY %Bg%
ues }/010 H1 dev ce A 30 The evice A 304 transmits a

reng?/atlon reques b ARl EG L BIRGC AR i ire 5. After
bﬁé@ﬁ?%t‘?ﬁﬁ@’%@%ﬁﬁ%%ﬁﬁ ﬁhméeéﬁ%&w @hthiéiigeyiss B 390&ohamicate
ddiRés dRieg ZhpaRiRe0BAB dsrtiansheiitedig ogethaisiarbofithedarggiested by
tfﬁ@eﬂgtﬁ% Acmsm@%ﬂé& AABEA &%mgathss%ﬁ@ﬁ@%&aﬁ%ﬁéé%q@

‘Equﬁ ce B 30 mc poenra | ccep s or ret%gcts the reservation request b

P aNSMITNG & TESpoNas Oﬁ"é'ﬂ% %&8?28{‘@16‘%1‘;?&5’&%&%8&&% B
%%ﬁﬁ&ﬁﬂh@*ﬁ%s’ﬁﬁ@&qﬁH%W@@W@tﬁibﬁ“ﬂﬂm@@étﬂé@whswgm thegium

amesntiiond, 4h@ Aastescdieiigenhd(Radtepbrqadrastog) the Rinée Baﬁiee&;ther

aé%s PsPGeBds t&é“ﬂi&@&%ﬂﬂd%%@&d&? %%gwﬁqf%e [1521&188\% a%bé 10

404 that the 20 eted medjum access
P e L R e P o R et
3@d304 and dewce B 306. The beacon frame broadcast 512 indicates
additional status information comprising information to inform other

devicgsig M&%m&wb HhadkiPadraesyation ol e aaeisd s fa iym A
block, 410 i g |qg oanmbatlon bfetween the device'A 30 dach
pra)ceed AE éﬁj? te in itS periodic beacon frame broadcast 512 in the BP 404 that the

targeted medium access block 410 is being reserved for directional beam-forming

communication between thg device A 304 and device B 306. The beacon frame
broadcast 512 indicates additional status information comprising information to inform
other devices in the network that the reservation of the targeted medium access block
410 is pending confiration between the device A 304 and the device B 306.

Returning to the DRes_Rsp 510 packet transmitted by the device B 308, after the
reservation confirmation is completed, either the transmitting device A 304 (which is
initiating communication) or the receiving device B 308 (which is the target device of
device A 304) informs the master device 302 of the status of the reservation confirmation
via an omni-directional transmission in the CP 4086. in this arrangement, device A 304 _ '
informs the master device 302 that the resetvation request is confirmed by transmitting a
“Directional Reservation Response” {DRes_Rsp2) packet 514. On one hand, the device
A 304 and the device B 306 proceed to camy out directional beam-forming
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' .no?hP%P#nlcatlon 516 in the reserve

25 Returning to the DRes_Rsp 510 packet transmitted by the device B
306, after the reservation confirmation is completed, either the
transmitting device A 304 (which is initiating communication) or the
rveoemTigeaigvice B 306 (which is the target device of devicer®1B3@A)o07/000038
informs the master device 302 of the status of the reservation confirmation
30 via an omni-directional transmission in the CP 406. In this

arrangement, device A 304 informs %e master device 302 that the
reservation request is confirmed by transmitting a "Directional
REGWIEAIoA REsipohe e qard snaisy? pesaek btobit 410 ©o tes huind e, i the
réevrietioAc3fFraatbiine seviasi IRORasead e @@irh’d?h%&ggqgtg?%cast the

r%@f@@f@%‘é@n%@ﬁ@%@éﬁ% dg-g@%%(gp Zﬂ‘g %O Cel?cffofr%?'ne?h%‘tz to

medium access

haP iR DS PTLHRK b FReRRSIOS-Jf e eV atiRn reidienation is
Upayreessubasorrintiedisatet dadbaditbe Regebidtmnkafotmationcotitvee 302
stopdivsaceacess thioek«H&lion stheaneanfasess 2k 109ifs Bk, frames
sgevices in the network of the reservation. If the reservation confirmation is

5 unsuccessful as communicated by the DRes_Rsp2 514 packet, the
serv tion of the medium

mast sto S bro astin
' acce;ﬁgg% % 0 i it %néec%h w"rrlr?e(s%ré1 RS %ﬁrf&ﬁ?’%{ﬁgﬁggﬁéﬁf‘ge

Eﬁﬁﬁﬂa"c?frﬁiﬁ%a?faﬁ% RAAMTIBRER RS RetRP IPiRE Y b @sinsnibio ot devices to
celiraetiinaid beamtforgtingatayibss exploiteid bwaﬂmwmgﬁbleatvs@]ﬂl:ev&@% teh
GOSN UBYCARMIR N HOHAR AR dBVIEE SRR b ATRIRILES gogﬁy R
irﬁéﬁgr%h 1a f{?},‘?ﬁj Egrrlld br)é stW|tch|n(§]r thr(?3 g.%%pggg t%?the require beam orm
ang €, any potentlaLI Intererence from concutre Bith EBraRsiansmapy be
st d i gREiFlsRIseioh M EspBKatisataried UFngslissditiesirbeare-Dittieg
CtPesmma’mmpmydmmmgatémectlonal beam-forming 15 communication may
be facilitated. Furthermore, the omni-directional transmission may be
prev%t'%d from interfering. W{[ rrﬂ dium access time reserved for

SrttionIng the  BtRTRRYEeS Hiidgdring

direction Efrg‘eam gr?nr?rqﬁ I”S‘a/cpar
WiRafRrve igctersaing Jerivedl i atieriisna deeridfofting DO pegiorintpthe
medivmmaerestitigie sindh divaictienalshsiainedoanpingd nipdditio rorad deaskdice 1o

rena@m@domdmammaawsﬁﬁgtm@&%%%rﬂ RS h LaBRBN SSH AL H o
ofqggéﬁﬁﬂ c%rstlst ! gor omni-directional transmission by any device is parfitioned so
that as devices switch their antennae to omni-directional mode during this period, the
devices are able to receive incoming reservation requests even if the devices have
ongoing directional beam-forming reservations in the reservation period. This may
reduce “device deafness”™. Also, as the re-alignment of reference directions is performed
during reservation, devices may conserve operating power since directional information
synchronization or calculation is not constantly performed. In addition, as the incident
angle and signal power of the received packets are used in calculations and direction
determination, range or location calibration and meastire may not be required.

The technique described above uses a 2-D model in calculations and
assumes communicating devices (i.e., a transmitter slave device and a destination
slave device to by on a substantially horizontal plane. For devices that are situated
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that as devices switch their antennae to omni-directional mode during this
period, the devices are able to receive incoming reservation requests
even if the devices have ongoing directional beam-forming reservations in
We 358a#4%bn period. This may 25 reduce "device deafnesBCIAIG103400038
the re-alignment of reference directions is performed during reservation,
devices may conserve operating power since directional information
synchronization or calculation is not.constantly performed. In addition, as
the incident angle and signal power of the received packets are used in
aEaﬁ@fﬁi%n’é%tg diretRofPaterivin salsd alisgebfinatibn Rfibratdel s
limiedisnsemeayunatbeTrés siregh BT heitgchnigumplestihedabryeuses a
2-D model in calculations and assumes communicating devices (i.e., a

trans er slaye devic estination slave device to by on a

substan%gﬂy aé(;r?%'ﬁt%ﬁ ?gg g) or gwcl:) I%? g?é’%ﬁfﬁ%'t@ﬁ‘%é Y of device
Aﬁ?ﬁ?ﬂ?@@@?%mﬁ@?@oU@C%Dzmcﬂeﬂﬁfé’i‘éhplﬁéﬁghtml@rﬁdadeyece
Bth e asiicnl atiib heofrissingrihe BeRiBodeb hashdi mitainns iflaAeCHracy. d-QOI§e'$\

sﬁ%mﬁﬁq‘s@m’cﬁaz SYGEEI W REE G l&?ﬁ@d#@éﬁ%@n&hg%&’ (‘?53 803,
thlg Igé:ated %28' e the hﬁrlzontal plane X-Y of device 411 a Cartesian

Space X SHEI%F Y ShAgviseEneiTerdlh sshra tpdevice A
B%ﬁM‘WIﬁﬂ@é wg@aﬂk@rﬁt@lbe:éeisvm@ ior tBRSHoridevital Planeg Xnégécted.
cd@éqaeequ@%ewbm&@wﬂsma@mjeqéi@k@{ %r@én@@ﬁ%ét%rﬁgﬁﬁiﬂgged

cAHIRROP AP A Ui SRR BRI AROIEB H0r ol diCe B

805 with respectto eV|ceA £iSconsi ere whlle € ang

PRRGaRR LEEE R RiRbls SG@WHE@F@&ESW@EGM%W%@ a 3-D
starionelogy peivitidn B' 806 is taken for a directional antenna based
communication for the device A 804 according to the 2 D model and it can

blishi liabl t A 804
ond LR DTN tog R TR A e gt

U&th i Yo BRIGHMerdd kAR % AiFR iR hisdomERsE q@g@e Rirthrusertion.
StirFEgirg®, delieaht 9ktisatinn Master OeliGeats dnadbiedithSOEraRister
dm@mg&%&ﬁ@m@ﬁym@n@%xig&@&#?%@%ﬁm%g%qr&é%md@é}&é@f
3 BRUSRNE0LIRTRLANG RSt R U665 I IR 50 SRbinces.

Th ee Cartesian coordmates (X, Y and Z) of the master device M 905 are represented by
904, 905 and 906 respectively. At an initial stage, the three devices 901, 902, 903 are

not synchronised for wireless communication using directional antennas since they do

“not have the information each other’s respective positions in the network.

To synchronise the devices 901, 902, 903 of the network shown in Figure 9,
medium access times for communication between the devices 901, 902, 903 is
determined according to the scheme shown in Figure 10. In Figure 10, the medium
access time of the master device 901 is partitioned into super-frames 1001, Each super-
frame is further partitioned into a Beacon Period (BP), a Control Period (CP) and a
Reservation Period (RP), which are represented by 1002, 1603 and 1004 respectively.
The BP 1002 is reserved for the master device to broadcast beacon frames using an
omni-directional transmission antenna. The CP 1008 is used by all devices 901, 9G2,
903 in the network for omni-directional transmission of control packets or data packets.
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3-D coordinates with respect to itself in the network, such as the angles
and distances. 20 The Cartesian coordinates (X, Y and Z) of the master
device M 905 are represented by 904, 905 and 906 respectively. At an
Witiabsvazasthe three devices 901, 902, 903 are not synchremigec§01/000038
wireless communication using directional antennas since they do not
have the information each other's respective positions in the network. 25
To synchronise the devices 901, 902,903 of the network shown in Figure
9, medium access times for communication between the devices 901,
Top et scarsielmmriadra S idvjyissubiecs inepntsmivovin il Biyices 201,1902,
SpfguFeelDptihenmedissTtinactets el ad4heamastes 89\viee AkiSror exclusive
cHRARILARADANIRLIPEL: - R0k FAC HHAMES further -
\Aﬁﬁ&i}ggrﬁ] e(go;g%ot%nBeai%%ﬁiigag(ég%%aacsgi%%?é%;%% %C%Smérﬁ% %?%'que)
eservation Penod (RP), which are represented by 1002, 1003 and 1004
respectively. The BP 1002 is reserved for the master device to broadcast
beacdh tramesiosingvan dormeidlisesideatd anainissin antessRe ThedePor
mERBni8dds8sl iveabES YIRS RBL1R0%0- B JALHE Mg —%rrlr('nfsgé Spmmunjcation

transmission, of control packets or data pac

ni-direct ]
W s S et S5 G153 SU2PE Rk Aethee i fefprence
ceoplinpiss 1 dimjeetty dsmieniibI®y ralputsvitis 06drve0R, 982, Flae are not
syngunninedcialss time.intbt& R:A00ABIB @f@ﬁﬁiﬁﬂ:b&r@ﬁyté@(ﬁ??,@f of device
sexzlusiye sesrunical ' ' i-directiqnal ordiregtional
COb(? ILrrpa-tforl[ning ¥ecpn€§3§§b€vﬁ?§§&%§% é%ﬂ?%kr{lﬁéﬁﬁ% 0 c&%ﬁéfuﬁi%zwgl P
device Sﬁg,cd\é?/YCe S 902 needs to reserve a block of medium access
time 1005 in the RP 1004 for directional beam-forming communication
with devitiesD=8613 ficaheHananes, BevinroS 02 ARG MY KoRWnce

cotin SR BNeR N RIIAINAIC R A the-mas iRk dpyice M 901 prior to this

reservation since they are not 10 synchronised at this stage. In other
words, 3-D reference coordinates (X, Y, Z) of device S 902 and D 903 are
ndt afflgndd Witk trreazinstbradeldcd M 0@ BX3004¥n05m AORE& A 804 and
coorginates.respectively. For illystragiqn, some notations are introduced
o (oG A e et AL LS HER b1 EAEH e i Srcton
refer8ffel $¥ure 11

2. a,, 1102 is the elevation angle from the X-Y plane of device B 805 seen from

device A 804; and
3. uy, 1103 is the unit direction vector from device A 804 toward the direction of

device B 805.

0p, and @, , are determined by using known Directional-Of-Arrival {DOA)

algorithm to detect the azimuth and elevation angle of an incoming packet. The unit

direction vector u, , 1103 is calculated based on measured 0, 4 and &, , according to

equation 11,
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1. BBA 1101 is the azimuth angle of a device B 805 seen from device A
804 and the azimuth angle is measured on X-Y plane in a
counter-clockwise direction about Z-axis; 20 2. aB A 1102 is the elevation
wonglefroswthe X-Y plane of device B 805 seen from devicer&188zk0ameh®@ s
uB,A 1103 is the unit direction vector from device A 804 toward the
direction of device B 805. 25 (¢)$,,, and ax ,A are determined by using
known Directional-Of-Arrival (DOA) algorithm to detect the azimuth and
elevation angle of an incoming packet. The unit direction vector ug A
110 des(;;a,jggtla@e @9 ed on measured BB A and aB A according to
ugus ggg( )WQ1 00y/123487 PCTISG2007/000038 23 cos(a8A) )
E8s(BBA UB/A = ¢ostae A~) sin(OF A (11) sill (aa A) The reservatiof
proc dure’fof medium access time is explained with reference to Figure
12. In Figure 12, three paraIIeI vertical lines represent devices S 1202, M
120145 f aced at a |stance rom each other. A
e B R R
Flghigrb-péti Bﬁ%dg "ReRAAYE! et *me&e%@«a&awseﬁw 200M 1201
argb GuEiifatly Fiotield eoerespsraddistanediiom aechsshéime patitioningizonially

pa’tﬁmﬂr@m&g hesSehRMR stolitguégré%nﬁhg 5%8%(5“;9@;1&!1 10D, Belye tH&E‘
e e Indicate arrows wi
pJ@&PqEHX Eé@%gﬁ ?er(’? 4%29 9&% er%a[?l ? F Z'tré%ilf?lﬁcﬁefss

labels 10 attached for ata pac ts tra mlssmn

e RRAtRIIPenATEPdEE Rl Bﬁ ProwEask F@@S@eaeted‘fb«y csEHEmiglion steps
befweficaterettvandstce® 302 M S01aby DSlicers if0i2athabderiessvRBPRbels

atiiBhaJolAFLSeHIRIERMLisaepess time in the RP 1004 to communicate
with device D 903 using 15 directional beam-forming. This step 1211 is
labelled at Ores_Req, which is known as Directional Reservation
Reques: MehistFRRiARHisatesiym iR tpeanolien Iesgyise tinmxenitted by

seing B usiiigatiomriediiesttione iem dhaig siondev e CR A DS ARL0EB0Y Wishes

to reserve medium access time in the RP 1004 to communicate with device D 903 using

directional beam-forming. This step 1211 is labelled at Dres_Req, which is known as
Directional Reservation Request. This notification packet (labelled as Dres_Req) is
transmitted to M 901 using omni-direction transmission in the CP 1003. Accordingly,
master device M 901 carries out some decision procedures to decide whether # can
grant this reservation request. If this request is granted, the master device M 901
notifies the intended target device D 903 of the reservation request using omni-
directional transmission in the CP 1003 by forwarding the DRes_Req packet, which is
the second step 1212. After receiving the forwarded reservation notification (DRes_Req
packet), device D 903 responds to master device M 901 using omni-directional
transmission in CP 1003, indicating whether it accebts or rejects the reservation
interition. Here, device D 903 accepts the reservation as the third step 1213 by sending
a “Directional information Request’ (DInfo_Req) packet back to the master device M
901.

At this moment, the masier device M 901 has already received data packets sent
omni-directionally from both device S 902 and D 903. The master device M 901 thus
has enough information to make the necessary calculations on angles and vectors
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master device M 901 carries out some decision procedures to decide
whether it can grant this reservation request. If this request is granted, the
master device M 901 20 notifies the intended target device D 903 of the
vegemvatizasrequest using omni- directional transmission in ther@B240Q80038
by forwarding the DRes_Req packet, which is the second step 1212.
After receiving the forwarded reservation notification (DRes_Req packet),
device D 903 responds to master deyice M 901 using omni-directional
transmission in CP 1003, indicating Whether it accepts or rejects the
Fecsetipativna2BAhtalmmoiinHend, eipatine [ 100Releuingtdotidoresdyatingieasand
iheothitehStepdkd 13 Myesandingy ;e Risectianaténiosmatian Request”

(Dlpfo, Req?\ Q"ﬁj bag#dtgé\r}a mastgr device M 901, At this moment, the
master device M 90thas areadoy A Eeasisg 5&(@% RHt%%
omni-giseckionally Bomdpatasiewises 802, aan@o%% dEhRdwpsier device

M 901 thus has enough information to make the necessary calculations
onSangiierisrecees (o 2@@?’/‘1@’3‘&8@1 ¢ WBGIOOTI0OGUBR; 24

acgorgmgd Q8 OD(\?éBC\:ta; orltil ev %l?o agfernn to Figure 13,
angles'and vectors d% eterm‘ivr?é 8 hidter device M
904. aerdalAainothangtedcds M amb@lﬁyatmm;amg@as MR2SQUERS and M
deV|c§c§ ,%g,ges aAzimuth angle OD M and elevation angle aD M of

rce device D 903; 5 3. Unit direction vector (usM) from device M 901
o8
toWardAFEVIRYE g, A5 SR veMoPR0 M ) from device M

towards device D 903 5. Normalized normal vector it of the plane in which

devmﬁﬁ@%@s&%&@@%ﬁén&%@@d@%&ﬁ@ 8. Q%Etgilﬁ& 5@&4%:%%%!\4@89
Zi es and elevation angles, of device

D e e T eSSl et b
e %ﬁlmﬁﬂv%\eﬁﬁgﬁn%ﬂ@mﬂftﬁﬁ“ﬁﬁ tRaf e sometimen eniierd Andlsing
Anivelclibe/f Alpdvting® @A) (omysdbmetime stualledafmpiieiof Busimh(ADAYival

Fetgemstimsithat Wibgiﬁ%@og%@ﬁam%ﬁ W%&QP shAuivehdai C.
KR A NN R ST PR SRSl Chepounand

Nemai C
antennas, vol. 2004, no. 9, pp. 1364-1375, Aug.2004. The unit direction vectors Uga

and uy,,, are calculated from the obtained azimuth and elevation angles using equation

11, The normalised (normal) vector n, of the'piane containing S 902, D 903, M 901 is

calculated using the cross product of direction vectors ugy and u,, according to

equation 12.

"uS'M qu,M
1ol DM (12)

s 4 xulwl

Angle £DMS (507} is calculated using dot product of the unit direction vectors

ugy and up,, according to equation 13:

ZDMS = cos™ (g 1144, ) (13)
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Karmakar, EURASIP Journal on Applied Signal Processing, Special issue:
Advances in Smart antennas, vol. 2004, no. 9, pp. 1364-1375, Aug.2004.
The unit direction vectors us,.M and u DM are calculated from the
vlotangtaEimuth and elevation angles using equation 11. Ph&/SG2607/000038
normalised (normal) vector n, of the plane containing S 902, D 903, M 901
is 20 calculated using the cross product of direction vectors usM and

uD,M according to equation 12. tts,MxttDM n__ lus.M )UD,MI (12) 25
Angle ZDMS (507) is calculated using dot product of the unit direction

- vectors us,M and uD,, according to equation 13: ZDMS = cos' (us,"

UD, M IGHHAICRIBD 7112 348 7sPOTSBGRA0ZA00038e 25t orfwithes altaine
e the ratig R of the distapnce DS.,, between S
s Do e E O o B0 i e ek
needb balcuilatethdT fiss dsexpressddnregtiation 14: 5 R = DS,M /DD,M (14)
There are a number of ways to obtain the value of R. One way is to have
he master device M 901 compare the received signal strength from the
p’écll)éé‘f réeeived 10 from device S 902 and D 903. Let PA and P,, défibte
the power of the received packet 1211 and 1213 respectively. Depending
on wi o) ther.specific_implementations, relationship
b'etwérg1 %%%%e%ﬁ\%%p%%aﬁ%? |§f§§§% ‘{ﬂ'é"?r%ﬁgm ira)g oI 2¢ah Beave the
MEStEbfIEHERY MRt ARTGRA iR EceRivee diEh ElpRSTOFARA It Basfsets geceived
frpropagedisroaathd assohote 13 usads,| Adhot: SRAGOWH QAR HABIVIIEpacket

. el er J. and 15 transmitted power P are related according to
T e D P e P s aagsde

- e " » a N .

'f@ﬁ(’?eg??d“étoaﬁe giefpRergiRe dheerAd RAweIRethdstersitindranmisaias
c&QW!wmabcbm_iﬂ@jramgﬁsﬁﬁwﬁﬁmm(dﬁa&mﬁl bebpaseth@pagation
pHANSRItHRgANd 1Qeaiving aLCUPASs %%E’a&é%éé—%é%%w(%c? )power P and
transmitted power £, are related according to equation 15 where A, is the wavelength

of packets carrying radio waves, G, and G, are the power gains of the transmitting and

recelving antennas respectively, and 4 is the range separation (distance)} between the

transmitting and receiving antennas,

Aﬂl 2
£ “E[I;j) GG, (15)

In order words, the received power P is inversely propbrtional to the square of

the range separation 4 (the distance between two communicating devices). Therefore,
the received power of device D 903 and S 902 can be calculated according to equation
16:

A Y
by, = By (Z;;}“J Gy, Gy, (16}
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In order words, the received power P is inversely proportional to the
square of the range separation d (the distance between two
communicating devices). Therefore, the received power of device D 903
2B P0246an be calculated according to equation 25 16: 2@AmG2N{d03s
1G,, G,, (16) WO 2007/123487 PCT/SG2007/000038 26 PD. =P""(4srd,
G,, G., (17) Using this information, R , the ratio of DSM 912 over DDM
913 can be expressed as given by g uation 18: 5 R=[P-S, (18) PDr An
alternative method for calculating R 1S by comparing transmission delay
from_trénsmyjssion time to reception time. In this case the value of R can
%’eﬁ@t’e(@@ a%}ﬁealculating the transmission delay for packet =~ (17)
(Dres_Req) from device S 902 to the 10 master device M 901, the
transitboidelefprfortisaci®t (DinfeatRed)) fom eLiced 903, totthean be
e%%@%v&%%ggéj aaﬂ%g %Igg—:- ratio between'these the two transmission
delays. Since the transmission delays are directly proportional to
transmission distances, this calculation gives a good estimate of R. In the
aboye-mentioned methods, the absolute value of DS1,, 912 and DD.M
T @re not required which enables devices 901, 902, 903 15 in the (18)
network to communicate between each other using directional and omni-
directional antennas without being equipped with ranging devices for
calibmﬁiaaeamv@g?g@% e déf&al_aﬁ@g; @e;;éw&%nﬁbsrﬁg%%fs}?#&%ﬁ%ﬂ? from
S own. Referring to Figure 13 again, unit vectors of the
B (R D 3 M B b b Wt ooy
“HFGIRIIIH2 {ERRTHITPAEAS T [ResFPS GotBey) dus). davisarfgl®dp the
M2NMS Dexive XSOV thectroatmitaion dalay simflacketqDigs RGPS Rokerdinga
daneaR@iondkiiang 301 LIMSWE 58S betfRER 1SR G b AR IS by YaRk.

Since the transmission delays are directly proportionat to transmigsion distances, this

calculation gives a good estimate of R. In the above-mentioned methods, the absolute

value of Dy » 912and D . 913 are not required which enables devices 901, 902, 903

in the network to communicate between each other using directional and omni-
directional antennas without being equipped with ranging devices for calibrating and
measuring distance. As result, the cost of building the network is brought down.

Referring to Figure 13 again, unit vectors of the network are expressed, which
are uy,, [from D 903 fo M 901], u,, [from § 902 to M 901] and usp [from S 902 to D

903]. The angles of ZMSD and ZSDM are calculated in a similar ménner to ZDAMS
according to equation 19 and 20.

ZMSD = cos“l[’((:j;tz’i )X(IZZH (19)

ZSDM = cos“‘f: s ) Ctn) } (20)

K" “s,u] ) l(— Up }
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25// LSDM = cos'jluS ~ J (20) [us.D uD,M WO 2007/123487
PCT/SG2007/000038 27 In the equations 19 and 20, the unit vector from
D 903 to S 902 can be calculated following equation 21: 5 usD = uD,H
VRUENYIE248 Returning to Figure 12, after determining the atitv/ecanilososs
and vectors, the master device 901 proceeds to disseminate information
on angles and vectors to device S 902 and D 903 using omni-directional
‘transmission. The fourth step 1214 is,to 10 broadcast directional
information packet (DInfo) to fellow devices in the network including S
902 and D 903, which operates within CP 1003. Using the Dinfo packet
receilreitie dguitierS 29 2raiilj dsaitQdcatdanitiots idateuning sgimltikted
foRbhiR @vatiesh angles of M 901 with respect to S 902, which are 9M S 15
and aM S . In a similar way, device D 903 determines azimuth and
elevation angles of M 901 with respect to D 903, which are 8M D and am
uD =Wigh thése, determined azimuth and elevation angles of M 901 g
their perceived angle from device M's point of reference (0s ,m and as M)
and (OD M and aD ,M) respectively, device S 902 and D 903 proceed to
synchroieaHeif? @Wc&%r&ﬁ%t@%t?ﬁ%ﬁ'ﬁﬁ Viiehahevicandesoad vectors, the

- mgelerdievite $0 PEdeepdetictisS80R toigprohtonize dtgdsD e osdiniatesiwitty

s dmgicends 903 &wddﬁﬁeﬁféﬁre@@dﬂﬁﬁt%r%@%s%ﬁomﬁﬁeth@ufﬂl'%%mﬂﬁ% &

AHrget Rotat X
SRS ORI MY W TR i
ngiygingRa0 3 Sl spesatepyd 5’(@341 ®Ranging Y and Z axes

based one the set X -axis. Device D 903 follows similar steps as above but
usingstiffe IRt ARGI9sicket received, device S 902 applies a DOA algorithm to

determine azimuth and elevation angles of M 801 with respect to S 902, which are O s
and a,, ;. Ina similar way, device D 903 determines azimuth and elevation angles of M

901 with respect to D 903, which are 8, » and a,, . With these determined azimuth

and elevation angles of M 901 and their perceived angle from device M's point of

reference (85, and g, ) and (0, ,, and a,,,) respectively, device S 902 and D 903

proceed to synchronize their 3-D coordinates to align with device M's 901 coordinates.

For device S 902 to synchronize its 3-D coordinates with device M's 901
coordinates, device § 902 performs the following steps:

1. Seffing new X-axis in direction of (—Ouss 2y 5)
2. Rotating new X-axis about Y-axis by {(— o )
3. Rotating new X-axis about Z-axis by (-, ,,) to arrive at the synchronized X-

axis; and
4. Aranging Y and Z axes based one the set X-axis,

Device D 903 follows similar steps as above but using different angles:

1. Setling new X-axis in direction of (= 8,, ,, ~a;, )
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30 1. Setting new X-axis in direction of (- BM.D, -aM,D WO 2007/123487
PCT/SG2007/000038 28 2. Rotating new X-axis about y-axis by (-ao.,,, )
3. Rotating new X-axis about z-axis by (-BD M) to arrive at the
Bh¥lronAét X- axis and 4. Arranging Y and Z axes based BIESHBI&RE00038
X-axis. 5 After aligning the 3-D coordinates with devices M 901, S 902
and D 903, the devices 901, 902, 903 make use of the previously
“obtained angle information ZMSD, ZSDM and normal vector n to
determine mutual directions. The dirdttion from S 902 to D 903 is
oppogiteRatdtrey divectiaxidrambD203 ty 5-902, which is 180-degree turn 10
around n_. Consequently, as the fifth step, devices S 902 beam-forms a
data Fe ZHFRBATH GrREE PRt WY (REq) 122 5rtbmal de aeribec D0 -
In returng,asdhe sixth step, device D 903 accepts the request and sends a
data reservation respopnse packet [Dres Rsp (accept)] back to device S -
902 Sly b%g}fﬁg%%ﬁ%%?%%ﬁ%ﬁ%s%{h %?Be“&f%&%%f‘ésps operate within RP
1004 to confirm the medium access time reservation. 15 For sending
DinfoAtacletitrizd 4:t0 D06 ainchiBs 008, as/tbes savathsstep 134D 408, the
wdURsieale s 803 RERRUEBTIE IR R aRIayicRaRcen IANGIREASRN, yep.

ResAB)% that the medium access block 1005 is reserved for directiona
edfh TP LRTRUAICAIFBE Bui dclied 3 90T e dresGudrom S 902
toOp#8AdH yorbesim dstidreddnacind Grbm ay 90dlica s A2 furkivedr istaitsiegree turn

arfiREMALON: frekQuaamp as ikemasiendsViesidll B1fesm s, oherARYIce Yata

hat the reservation i rrentl Ing confirmation_between device S
R e ol S KB s e T
Sy PSRy iee TR ORNRErTRiE theramiiael ansvieads 90dalsr erenvatiget wepitee
pddl@Oiefofas theendbterkl evitaitwes 265tatbeof-bediagema#iane fifth and

siRANEPRASIRMISIRGIR P BT IONA ST ANSASRIANIRGE tﬂx?e%sé%a‘t‘iﬁﬁ.
embodiment, device S 902 informs the master device M 901 that the
reservation is confirmed successfully using a Directional Reservation

RespohisepiikeinirPasishitiht &ep WBDandtiBVIES. SR speBhogsp 1217,
thproesieddaocp @do rvativestion ak pesinditctseaing frame [Beacon (Resag)] that the
medium access block 1005 is reserved for directional beam-forming communication
between device S 902 and D 903. Optionally, the master device 901 may indicate
further status information. For example, the master device 9071 informs other devices
that the reservation is cumrently pending confirmation between device S 902 and D 903.

. After the reservation confirmation is completed, as the eighth step 1218, either
the transmitter device S 902 or the target device D 903 informs the master device the
status of the reservation confirmation using omni-directional transmission in CP 1003. In

_ this embodiment, device S 902 informs the master device M 901 that the reservation is

confirmed successfully using a Directional Reservation Response packet. As the ninth
step 1220, device S 902 and D 903 proceeds to perform directional beam-forming
communication in the reserved medium acoess block 1005 for transferring data packets.
As the reservation confirmation Is successful, the master device M 901 continues to
announce the reservation information in its beacon frames periodically to notify other
slave devices in the network, if any. If the reservation confirmation had been
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communication in the reserved medium access block 1005 for transferring
data packets. 30 As the reservation confirmation is successful, the master
device M 901 continues to announce the reservation information in its
paazornyfeassies periodically to notify other slave devices in thetrsstwarkopshss
any. If the reservation confirmation had been WO 2007/123487
PCT/SG2007/000038 29 unsuccessful, the master device M 901 will stop
announcing the reservation in its begcon frames. These steps achieve -
the process of establishing direction&Fantennas based beam-forming for
aterasfuimissioreiten detroid SHigulestd represents the application in its
texaspterntdhernalweads shomevinrigirRs Refaringhio; Haee 14 dherfas

BRIVERRORIS %Ugg?gﬁﬁﬁrﬁ@qggqgg%%ﬂq}% ices available, namely the

master device 1401 and t ave devices 2, 1403. The first slave
device 1402 serves as the source device and the second device serves as
the dbistiratibredevivds1z0dpphintitly B-Dreofdirateswofidshice B Fildi2o,
@%amd& ﬁ_i@dg’Mﬁ_,]tQé;él&rb &fﬁ:@ﬁbﬁ){@@h@%ﬂis Eggmm%é%@ﬁ%@%@h@ﬁ&ﬁe,
-directior e evice a a
n?e regsgﬁghdaq&?d%%i r@%?ra%é %&_Zgifag?ld} 1457 ?gg%)'e]g%%g,ély.[ﬁhetﬂ%gt slave
?i\%ﬁti%o?eﬁ?@’seén?éd%?/ BRYtre £8vige\ind §a sepponidd dovissoseares st the
dapfieatpeonvierihiddteniiglcR-Btherrdiistgsarivtiviticc® i oAb e I SSIAE M's
1@%@5%?01%_ Sea4oghar@@1ité@§js§ﬁ@tkw@%ﬁﬂéa@§mﬁ%eﬁb@n%g?hof
exer, S irectional beam-forming, antenna, the
drar?% egoflit%e gggcr%f&%rﬁ%rg%s?n%gﬁ%enn% e)(/i%aeS ﬂiﬁd‘ﬁ%%%é o Bib10&e?
f‘?ﬁ%@g&‘g&m afidhegeiriienreprssenir dy iE9ws idermdiaeny H83IrdIAE403 are
neialivcld eonBunii2s: TlrerbfotesrdsingeDnidstizml tenrividayierRfHise they
1?@amamt&s&oaam@méhftafmy«ft@smngﬁg@dﬁeﬁam%&ﬁg@'g&@%&@
, intern ructure wireless communication
‘*aé%ﬁa“?e’f‘*’?’%ﬁ%@fgﬁﬁﬁgw o e AR BHRB 1 i S

evice 1501 for i | ] /SE
1800 RRR BgeTs R desiinalicacdesismR O vhidie i cepsenteb hymrisdisia
linfireutivad] conteida31 SOhereinanstevicdaln pickets leadaditinvidbers i3402

trafsmisiMniirRdianalastieons 1R93ii0.508kiadhs, device 1501 to
transmit data packets into the wireless medium omni-directionally. Both 25

antennas 1502, 1503 are connected to an antenna direction control unit
1504981 JAURING EsainaBhisi eliiescabife ovisletireenamalcationndayice
T@Wrdmlgemmghe method and system described. As shown in Figure 15, the

wireless communication device 1501 comprises a directional antenna 1502 to transmit
data packets. In addition, there is also an omni-directional antenna 1503 to enable the
device 1501 to transmit data packels intg the wireless medium omni-direcﬁonaliy. Both
antennas 1502, 1503 are connected to an antenna direction control unit 1504 for

- controlling beam-forming directions of the directional antenna 1502 and selecting

between the directional antenna 1502 and omni-directional antenna 1503. In addition,
the directional antenna 1502 is connected to a DOA algorithm determination upit 1505
and a distance radio determination unit 1506. The DOA algorithm determination unit
1505 performs calculations to determine the incoming angle of received data packets.
The distance ratio determination unit 1506 performs calculations to determine the ratio of
the distances of two neighbouring devices away from the master device 1501 in the
network. As an alternative, where an external means for determining the distance ratio
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between the directional antenna 1502 and omni-directional antenna 1503.
In addition, the directional antenna 1502 is connected to a DOA algorithm
determination unit 1505 and a distance radio determination unit 1506.
WhaeDDAMFGorithm determination unit 30 1505 performs calsil&iensi@o003s
determine the incoming angle of received data packets. The distance
ratio determination unit 1506 performs calculations to determine the ratio
of the distances of two neighbouring devices away from the master
device 1501 in the network. As an alternative, where an external means
o PaSterifmeing thed miatanatiePl oip bR RBHBHRCT | S0 2007 /060038
raB@dzasrhiegtiovidedsse shvpgoas. external GPS unit linked to the device
1501, the distance ratio determination unit 1506 is optional. The distance
ratlqul ds Elnatlon unit 1506 makes use of the strength (power) of 5
receiviaITAmSIBLRICET TR kT (RIRHIRS UeRebiRtHFR el detp) of
reeRYRECTNFNEE0A asthgrigeirad ol diad. td ke phimicaldirkioo nisolrainibil $67
is vichinbr isassectéa peropysmadisaivnide nedukionAsWwelkasd o perform

mEQMGHRARIAGBh LSRG and ncRming dals &?%‘fgﬁtgﬁn%omca?ﬁfg Fla

k tion unit 1505 and the distance ratio ete ion uni
P S AR e A AT A Sad PAApifE e R sm
150fhren ferthercsmnedtstieo thhedivmentrasdirestiontioo rmwolreinitil 36d8yiahich is
copinysieablink aastiel drtikpbatnerRMBeicall ik KIFRRHIAIML RP G FHRE

Th‘éoﬁ}%f&reﬁ ﬁnﬁ%&?/ Rt H'@(ﬂt?lfﬁgﬁe?@gn%%tsn Qysica fom{%ﬁgg %%97

nects to the medium access reservation control un|t

oA TR FR G AR RSTERR 1o o BN AresSgevegio

“unfiSipgPthé i slatanm gBeeunttithedr esmives ipprtie roedialn aeseage exchange

ustesewatiaeoatmierike u@yeil@@&;y&ﬁmrﬁlé&aﬁta&égﬁésﬁH}'Etlcﬁpé’oﬁmréPe
unﬁn@ﬂig %%%J%WMP%B@' EHQIEW%SIQI?dare ggp gg %eserE%tﬁ?ﬂnﬁ:gaﬁrgn

ungq%cgatlon unit 1510. Multiple applications o ere ass” com

VST A EENR ARG ?FB?MBBI?&AHONHWR'%B%‘%HH@@@EPM‘WW
cogrpuiertiemilader 38 arreationeddiytrol apmiichB03 wuitd e catscdXdRobdmit

thel/068uAG ABsappiaatiooh EAGERINIAL P BIRNRNIAG Hherstessriked method
and system is typically supplied to the device 1501 encoded on a data

stor\%ah fdlum such as a flash memor¥ carrier or a ROM module (not

sho 8%8P£5?9fﬁ'ﬂf8rdw8@ﬁw 1 JRRsEbat srethRAY Aretem is
W@%&Wﬁﬁﬁ%@d%%mtﬁﬂi snfietdned dalshslorage medium such as a

flash memory carrier or a ROM module {not shown) incorporated in the device 1501,

The described method and system can also be applied to a distributed, ad-hoc
network or the like where a common neighbour device exist within omni-directional
ranges of both source and destination devices.

In the described method and system, to initiate wireless medium reservation for
communication with a destination device using directional beam-forming, a source
device of the network first uses omni-directional transmission to inform a common
neighbour device (i.e., master device or slave device). The common neiéhbour device
then forwards this information to the destination device omni-directionally. The
destination device responses to the common neighbour device omni-directionally,
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25 network or the like where a common neighbour device exist within
omni-directional ranges of both source and destination devices. In the
described method and system, to initiate wireless medium reservation for
BamidiRsation with a destination device using directional b&amisfeaweinggoss
a source 30 device of the network first uses omni-directional transmission
to inform a common neighbour device (i.e., master device or slave
device). The common neighbour devige then forwards this information to
the destination device omni-directionally. The destination device
paCplinL el BGFRA SR RIS YEhrgavIRECBmAEiak fessaligmuiidiectional
FROBFA123ABTRE THE GR00F008BScadimdichiingwhethialcicrceent Qburce
diejegdstuehicre Sehyatian. T\Mtﬁ%ﬁ@ Fglﬁﬁﬁ‘e CJ(HP@&TGHQ%‘?HQ%OQ@%@& det tination
co devic culates the relati irection o
Ogg%}rggg gagr%) %%sc{?nat‘f'gﬁ T sé’? t%ame re%?‘e é?&@tfboﬁ"bef‘t‘f?@t%d?c%
Raagadinatich deliees usedsimiiton Medicheramesieularisa pianettarnide
refrsisl alive'stino oh db vt idegice Depdoe snuneichwadbthaseidOmieeshais
odiararthe.somman derdoafaleuiatandhs velaiveidiestionotd eﬁ%”&%%‘ihte
fleyice fam s souice feyice and viceversa on this, common LB plane
Note that In calculating the direction nformation. tHe %B&@f?ﬁ%“foq@f&ﬁd% R
ST SR A EIRITIBR tTEHl R RRSTIER AVITARIRE CbRATIEM MetgpIonEdavieings to

dﬁ@ﬂﬂ@@@almt@oah érgtdsd) donertirgepibel odtio antheapgever PEGHIORvm source

afeasyARmenst (glafing to 10 distance calibrations. Instead, for example the
ratio of the received power from source and destination is used. After
these calculations, the common neighbour device disseminates these

calcuffier ssgvealgriationm B FABMSR ISR Al odisfeminaiosingre
cpikuirderd febitfiveldréatosoniraatiod dmhmmwaﬁmwuélmbﬁqﬂ@}@@t both

tRAskelcdRAR RSAIS: th@&@ﬁ%ﬂ@@%ﬁﬁ@é&@%@e&fo%@ﬁ e éhe

d%gg,lﬁﬁa@gt,@, %aﬁf %?tmatlo ’_Z(%\agg go(%ceed to use the recel\?e
information’ aign-their 3 ROl e B  destipalion Sienise
%ﬁﬁ%%%@&l&f@%ﬁ@%ﬁ?ﬁﬁ% BEHIBEiT 8-Dofifiatitectiondhpestubothe

sahve seervetmediovivacbessdimdnithipstot (aegaehalemibaasian sEviner the

rﬁﬁ%&hﬁiﬂjfﬁ’gﬁ@? ﬁ?ﬁ?ﬂ@ %?%}ég%@%gﬁgﬂ@?%ﬁg@g&%ged rectional
E“ségrj]s‘é%1 Ogke SRR Eusin rﬂ]’re‘?z oﬁnar?)ggr%r?ﬁﬁﬂﬁ[g%a@%ﬁmma source

a control pac e usin
device proceed to send a control packet using directional beamn-forming for confirming

the reservation. The destination device responses by sending back a response packet.
The source device (or altemafively the destination device) informs the common
neighbour device whether the reservation confirmation is successful or not using control
packet sent omni-directionally. Depending on the result of the reservation, the common

" neighbour device may continue to announce petiodically the presence of the medium

access time reservation or stop announcing the presence of reservation. If the
reservation is successful, the source and destination device communicate dtjring the
reserved medium access time using a directional antenna by beam-forming. From the
announcement of the reservation by the common neighbour device, other devices in the
vicinity may become aware of the reservation and hence reduce “device deafness”

situation.



10

15

20

25

30

the reservation. The destination device responses by sending back a
response packet. The source device (or alternatively the destination
device) informs the common neighbour device whether the reservation
BEMATHEIAH is successful or not using control 25 packet seMCT/SG2007/000038
omni-directionally. Depending on the result of the reservation, the
common neighbour device may continue to announce periodically the
presence of the medium access tingge reservation or stop announcing. the
presence of reservation. If the reservation is successful, the source and
destitftign’ 8eice KOHRHRThIERR Uuririee imstod Jonatieirsaciesianale
begrsirie al oy derismiseinte haavbyroedirsfolenicy afrbm theddd aamounsersept

wm;;hgéaﬁemaoamm@mwn%ﬁ&mmw&w(f% %&Eeﬁrgﬁwﬁ%i%@ea
i A reservation and.hence reduce "device
e IR RIS I b ol
beERD MHR\GERAME 16005 RuaIAHG AVHbHBAcR isirensssaReAloRiep 1606,
dirgrdignakdriaimgticaniomisioticbetvean ofirgigl evicaniasibasseennddedck st
and\bstopd 1602.ORaIStMArROPIRLEKAGHERA NSRS B REINES A the
first device and a third device is conducted. At step 1604, one or more
omr]li-directional transmissions 5 between the second device and the third
devicE el tRS AURIY FEBRICHIRILEERAPNIBRIRRIRSTER PhiFcvisiRgs
deYiesiT 8 srhgnoaiisshyistioms indtigerr heltfirsty hadhgseoraidddsestivare,
sudetarainetpoasestardheremyisisacianaiRisaiRripns Jhameredof
in5¥%tﬁ+gEﬁQWé%@,9|% p ! ??&)tﬁ gﬁ%gfq;ﬁ\ntede pn a wireless 10 device

1700, schematica own in %may P& implemented as
software, such as a computer program being executed within the wireless
devitee oeeam dicivistrutiif thepvisete ssplevissdt #Ha0daearrdactthenput

motadadh Hae WHRless ey i LA GANRESES SUBHORESIRLIBYIyle 1702,

an input 15 module such as a keypad 1704 and an output module such
as a display 1706. The processor module 1702 is connected to a wireless

netWBFKPLFRERE BOSHIBIO? ihseanssiedein @ irlesdieMatie R Mdas:
suitahiamsealiendeniter Atecsstmbisgvithledn texnaalcativer aahaiaskcess to

e.gSyREEMEAthcasolRsahrpaNeeRs (sAN) a2Q Wifeless RRERAE! ARG
WirlBRy R LYY BY M DN GATEBANS W MG XA Ketwork (waNy).

The processor module 1702 in the example includes a processor 1712, a
Random Access Memory (RAM) 1714 and a Read Only Memory (ROM) 1716. The
processor module 1702 also includes a number of Input/Output (I/O) interfaces, for
example /O interface 1718 to the display 1706, and /O interface 1720 o the keypad
1704,

The components of the processor module 1702 typically communicate vié an
interconnected buq 1722 and in a manner known to the person skilied in the relevant
art.

The application program is typically supplied to the user of the wireless
device 1700 encoded on a data storage medium such as a flash memory module or



10

15

20

The processor module 1702 in the example includes a processor 1712, a
Random Access Memory (RAM) 1714 and a Read Only Memory (ROM)
1716. The processor module 1702 also includes a number of

W AtOuwpst (1/0) interfaces, for 25 example 1/O interface 1PL8/$6:1618/000638
display 1706, and 1/O interface 1720 to the keypad 1704. The

components of the processor module 1702 typically communicate via an
interconnected bus 1722 and in a manner known to the person skilled in
the relevant 30 art. The application program is typically supplied to the

MBPYEHE Hirk R rens wtlisinEod iEsBeR B sramenstordgewritatioha data
staeaisdftatiilrmehheryapiodide prog/@r80Z4t28Wa b ntrolied in its execution

by GE/Ser200dY 000038 1S3 mBmOsYFydisick farh ead MHU%@%@Com ypPlished
ugﬁgwqu memory reader-writer of a data storage dévice 1724 IF
application program is read and controlled in its execution by the
processor 1712. Intermediate storage of program data may be
accoinghishdsbcusidgiRbiid Zid systanthe thesarife drnetbe dsBRSYSISRS,
ditBentARoiERAian, W&Mﬁmsoéd@?é@éegEﬁgqﬁgﬁkﬁ@ﬁmqn%%\%g% (#f al
realg,%rgﬁ?&%md c]he rt'}ggai%rk 91 S, Im roxﬁeddlts spa ial re-use by provi
directional beam-forming 0%, Ve Tirét ﬁ%vﬁsdgf’?}ﬁﬁﬁﬁff@?s

and SeRFdPHERNIGSS are %%?éﬂ‘ﬁﬁﬁ’e‘ﬂ*ﬁﬁﬁtﬁéhlﬁ ﬂ‘i’é%@é@ﬁt@eﬁimpm?émmment
todbeifnvier ftOroviinglevibdsidongiiwyidinthauairdnforeaasiant GG BIAIRg

ommetmmmsm%un&e@gmom%Rﬁéeéynqné% '%A‘%S?ﬁéb Wro

heﬁ}%dtf?eev'%? [Qt‘{g réeltyj\{%{k ggdnot need t% &fave the capabllity to calibrate
and measure dabsolute ranges of IoCAoAS Y "E%Grf'ngﬁleééoci%'?f‘ﬁ\/lﬂftfé"e’
eé(bcﬁlsemated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the

specifivilb b apirseatadiith suraiepasifigdrionitthers jhit owscopes ofathtions
aridoenticiifiestibneanty pleseiteen. beRieseMhHRMBACIR SR ANE. HRessrk:

orfRRAFRARSIRNGH 1BAUIRIRSHS 4 BEAIYRIRlKE 2P DoLIESIISINE 1 o aay
described. The present embodiments are, therefore, to be considerad in all respects {o
be illustrative and not restrictive.

The disclosure of Singapore Patent Application No.200602663-7 filed on April 20,
2006 including the specification, drawings and abstract is incorporated herein by
reference in its entirety.
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20 The disclosure of Singapore Patent Application N0.200602663-7 filed
on April 20, 2006 including the specification, drawings and abstract is
incorporated herein by reference in its entirety. WO 2007/123487
PEHSG2367/000038 34 CLAIMS 1. A method of wireless RiifBgtionaloososs
beam-forming transmission between a first device and a second device,
the method comprising 5 conducting one or more omni-directional
transmissions between the first devige and a third device; conducting one
or more omni-directional. transmissions between the second device and
¥rd device; and determining directional information for directional
beam-forming 10 transmissions between the first and second devices
1based eikthey P QirdlEsstian S SRURBRRY: ThRMENNd a5 claimed in
dg@érena}luvgggggw the %%t%rgw]&ﬁoof_ the directional |n.ormat|on comprises
etermining, at t%et Ird device, a%?gp}ﬁ%%n of arrival 15 (DOA) of the
omni SIREEHEFa PR RMBeIB noiHirRs firstldesfsenisitore Speeetmathe first
degferende thielctioricef the third device. 3. The method as claimed in claim
1, whesiginding datesmini eiartiangh ' rises
4ds Egrgp}@mgﬁgrt he EQ@E}%\%@@%{%@%@%{%@% i %%Fﬁeﬁﬁ% irectional
transmission from the second device with respect to a reference direction
of th&SHRFHBEgice Heqtnmhettvraatiomimén in disntichalvhepemmtiierming
trajsteissionschefthendineclichahdnéecoratios e BESES sletBEimRGiRIRG Al
trhinshfiRwes, a third DOA of the omni- 25 directional transmission from the
third device with respect to a reference direction of the first device, and an
angular displacement between the reference directions of the first and
2third H&e%erh3edairek iirdeiD T wirtehd!inidt BORG Fbavitiidras
inflaivaieh inatpinses;, ddtersinitie deteeminiogielitee dirpstionaktion of armival
(DOA) of the omni-directional transmission from the first device with respect to a
reference direction of the third device.

3. The method as claimed in claim 1, wherein the determining of the directional
information comprises determining, at the third device, a second DOA of the omni-
directional transmission from the second device with respect to a reference direction
of the third device. '

4. The methed as claimed in claim 2, wherein the determining of the directional
information comprises determining, at the first device, a third DOA of the omni-
directional transmission from the third device with respect 10 a reference direction of
the first device, and an angular displacement between the reference directions of the
first and third devices based on the first DOA and the third DOA.

5. The method as claimed in claim 3, wherein the determining of the directional
information comprises determining, at the second device, a fourth DOA of the omni-
directional transmission from the third device with respect to a reference direction of
the second device, and an angular displacement between the reference directions of
the second and third devices based on the second DOA and the fourth DOA.
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30 information comprises determining, at the second device, a fourth DOA
of the omni- directional transmission from the third device with respect to a
reference direction of the second device, and an angular displacement
peENB(1 ZH8 reference directions of the second and third deviTssbmaachoss
on the second DOA and the fourth DOA. WO 2007/123487
PCT/SG2007/000038 35 6. The method as claimed in claim 1, wherein

the determining of the directional inf%rmation comprises determining, at
the third device, fifth and sixth DOAs for the first and second devices
respectively of the directional beam-forming transmissions 5 between the
Hirst afitesvethnd devegsadith clespecitbetim nefe renaentiFRcipmotthetional

e At SR S el I TR
B e R S R MOl (e e reisrian
bebueiy he st 2itseromsite desrwits rasneshtatibel refertana clirctiinint e

thildaleiivehe ratio is determined based on the transmission power of the
omni-directional transmissions received at the third device. 15 9. The

methaqg as claimed in claim 7, wherein the ratio is determined based on
Tfrans?nﬁgs%%%g}gﬁscoaﬂﬁg Shsinis r%éc\%‘?}rgﬂr%siﬁfg%ﬂ@%’ééri%c'l"’a‘f fivetn

Hifg GEREEe deitmintieeRarisucia ciatanea etwarn thectmisiising and the
thiet dnvineity Bddimrernsievededities tocaldrnfonmationtfer the disgetional _
beam-forming transmissions between the -first and second devices based

gon th telpslylviells ctlopalirlnté nsn“l%ssmps. 11. The method as claimed in claim

0 SRS 3 e EimDssiiRitieempingd based on

10, wherein the daterminmg o
RISARSIRSH BbRAFRC dercomniisiéecioned Weierdesions e fisbeczinthendlird
deliiegtion of arrival (DOA) and. a first elevational DOA of the omni-

directional transmission from the first device with respect to a

0 i VA 0 AN T IR Y i s based on

claimedinc aim o wherein
transmission delays of the omni-directional transmissions received at the third

devicae.

10.  The method as claimed in claim 1, comprising determining 3-dimensional
directional information for the directional beam-forming transmissions between the -
first and second devices based on the omni-directional transmissions.

11.  The method as claimed in claint 10, wherein the determining of the 3-
dimensional directional information comprises determining, at the third device, a first
azimuthal direction of arrival (DOA) and a first elevational DOA of the omni-
directional transmission from the first device with respect to a 3-dimensional
reference space of the third device.

12. The method as claimed in claim 10, wherein the determining of the directional
information comprises determining, at the third device, a second azimuthal DOA and
a second elevational DOA of the omni-directional transmission from the second
device with respect to a 3-dimensional reference space of the third device.
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information comprises determining, at the third device, a second azimuthal
DOA and a second elevational DOA of the omni-directional transmission
from the second device with respect to a 3-dimensional reference space
Braresfizd+device. WO 2007/123487 PCTISG2007/000038 r36/$G20Dec0038
method as claimed in claim 11, further comprising, at the third device,
determining a unit direction vector with respect to a 3-dimensional
reference space of the third device fm the third device towards the first
device based on the first 5.azimuthal and elevational DOAs. 14. The.
method as claimed in claim 12, further comprising, at the third device,
18eterigifphemhrivaition reckimwith fedpactampiSidinenisional device,
deséeneniog apavediefcthe thitbdevigedspearthe hirekdeNice 1o WaAs thes hace
PRk e RSN ha 40 Recld azimutha ad clevatignal DOAS
method as claimed in claim 10, 1Eurther comprising Sterdlin g, At
r&%@f%&?t'é"}%lpr%%ed normal vector with respect to a
3-dimensional reference space of the third device of a plane in which the
1gs_t, Teeandiiaachihiideniaseidh reaidauts. Shpmelod FRalimedin.
d&laimik rther [ t the third device, angles of a
A L gg%@f’éi?é%%ii'%ﬁﬂéﬁﬁ%ﬁwﬁe%ggﬁmﬁaef%r@%@ Sfyoe

rjan Le ]
o eI (KB TR Bl i P AMcls ParEsb v b e the

Sefd Sziniinised elevatienalsatio of a distance from the third device

to the first device to a distance of the third device to the second device.

518& claj in clai 7,.wherein.the ratio is determined
:hﬁgs;g%r?ﬁ ﬁéﬁ%%%%’?gﬂ%@ﬁ%%ﬁﬂ%e‘% g’}}?ﬁi?g{r“ CHol ??FSHQ‘WE%BHM

FScERET oF (R TRIEEY Soreedh Brhien dviibsiesRact de gndrdimgisianal reference
spgpettide §hinddaticensbinpihns dlavhiet ihelfish tZconkeesin thieiraticides
redigtermined based on 30 transmission delays of the omni-directional

transmissions received at the third device from the first and second

devices respectively. . . )
16. e method as claimed in claim 15, further comprising determining, at the

third device, angles of a triangle formed by the first, second, and third devices in said

plane.

17.  The method as claimed in claim 18, wherein the determining of the angles
comprises determining a ratio of a distance from the third device to the first device to
a distance of the third device to the second device.

18.  The method as claimed in claim 17, wherein the ratio is determined based on
the transmission power of the omni-directional transmissions received at the third
device from the first and second devices respectively.

19, The method as claimed In claim 17, wherein the ratio is determined based on

transmission delays of the omni-directional transmissions received at the third
device from the first and second dévices respectively.
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37 20. The method as claimed in claim 15, further comprising, at the first
and second devices, aligning the 3-dimensional reference space of the
third device with 3-dimensional reference spaces of the first and second
devices respectively. 5 21. The method as claimed in claim 11, wherein
the first device aligns the 3- dimensional reference spaces based on the
first azimuthal and elevational DOAs received from the third device, and
third azimuthal and elevational DOAg;of the omni- directional transmission
from the third device with respect to the 3-dimensional reference space of

20.the Tiner estieed @5 28amRdniRtREHAS! ClaliiEbin PaRT B owREEIR st and
secsadains deyicaighunstiee3didismnsiana reterencespace thbased davibe with

s MFERNG AR AL ANd slevalionalRDAS, eecheddpmahe i gyice,

our a2|mut nd elevational DOAs of the omni-directional
transm|SS|on from the third device with respect to the 3-dimensional 15
21.referaacespace & hersedonddatsmce 1 23vhEheimithdtasdetaraesliimslaia 3-

dimen B RaR AL QSX&%% ‘l% RSENdewise B0 e third %ﬁ’é’v‘é‘?cﬁ%%@f\s

communicates usin sed communications, wherein a medium
recaea KBRS RISHIN e EuIBALRIA AISHRIGBRSAPASS' g omni-
direpotien, taskfoisdicectional heatmitdrovnigdrangmissipecortontinedi-eletienaional

reféF%& ?3'9@81“'913 E&%ggggé)rtlon 24. The method as claimed in claim 23,

omprising broadcasting a medium access reservation period
reserved for directional beam-forming 25 transmissions between the first
22 andsecomdrdeviges stk helskcory] potiem ahthestoadideviaecaimtinte 3-

dsm?%%%l dueelional tansmissiona3nd Q%JB#H‘QQ@&RE‘H%%%%\%EH& DOAs

er com rlsmg i ansmlttlng a request for directional beam-formin
recgiyAdniieBlotnPetiid ARYcHoANth &R RRIMEE!t ﬁ@%@é%&ﬂ%h@@é‘é of the
omindirectiy thrargh thestbirdraevice, twike tinichesélg uegidst transenfitdhdaysional

e Qiditectiona) ansiisia; WO 2007/123487 PCT/SG2007/000038 38

23. The method as claimed in claim 1, wherein the first device, the second device
and the third device each communicates using MAC-based communications,
wherein a medium access time is partitioned for omni-directional transmissions in a '
first portion, and for directional beam-forming transmission or omni-directional

fransmissions in a second portion.

24. The method as claimed in claim 23, further comprising broadcasting a
medium access reservation period reserved for directional beam-forming
transmissions between the first and second devices within the second portion of the
medium access time by omni-directional tfransmission.

25.  The method as claimed in claim 1, further comprising transmitting a request
for directional beam-forming transmission reservation from the first device to the
second device indirectly through the third device, wherein the request is transmitted

by omni-directional transmission.
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26. The method as claimed in claim 25, further comprising the first device,
the second device or both confirming the directional beam-forming
transmission reservation to the third device using the omni-directional
WRARAYHISS#GAs. 5 27. A wireless communication device compfisiPigrRoa?/000038
~ transmitter for transmitting one or more omni-directional transmissions to
an intermediate device; a receiver for receiving directional information
from the intermediate device for dirggtional beam forming transmissions
to a destination device; and 10 a processor for generating additional
direc E%gfefm8ﬂﬁ§ti‘aﬂ’@ﬁgéﬂ BRthe&SrdeBRRIFameaabe ™Rt Raidee. the
sepfetelievine trandritie ceofrchings itiee clienid b abreforfuimgianemissiciomn
retbesdesiinatiendevizaibasen ot tirartonaldniarmation seceived from
the intermediate device and the additional directional information. 15 28.
A wireless communication device comprising: a receiver for receiving one
2Tor mBraTSIRRS-GRRRHYHAPR S RSSRONPRIRYa source device and a
destidHoandiéeictsr drarasitiiittepler sransmitting-cireaivmabteansmissions to
ananiairshERetianalideansmissions to 20 the source device and the
destination ice: .a.p for generating djrectional information
i o e e e G e
forﬁé%?ﬁ?&ﬂ@r‘f’ﬂ@@]&%ﬁ%ﬁ%’% iR-aeskrRianAaYE%issdns received
by the resekaer, iehareiritiedradditittel disatdionts thésdhiegictiobaded on the

redefesmatianidadharsemseenand 25 the destination devices using one or
mors, QO RN AP SISTIn .22 A dPIa storage madiumy having

stored thereon code means for instruc INg a wireless co

they AREENRI R 00N RiseTb o tirsigsHena e Bacraatian Jefeiiainfseionhe

intgeedisectt domanibihg dddittepisiivecBOrxbingmittitionone or more
omni-directional transmissions to an intermediate device; receiving

2sdireGlignaldi U JIe0h i emediatg, device for directional

a receiver for receiving one or more omni-directional fransmissions from a
source device and a destination device; '

a transmitter for transmitting one or more omni-directional transmissions to
the source device and the destination device; and

a processor for generating directional information for directional beam
forming transmissions between the source and the destination device based on the
omni-directional fransmissions received by the receiver,

wherein the fransmitter transmits the directional information to the source and
the destination devices using one or more omni-directional transmissions,

29. A data storage medium having stored thereon code means for instructing a
wireless communication device to execute a method for directional beam-forming
transmission, the method comprising the steps of:

transmitting one or more omni-directional transmissions to an intermediate
device;

receiving directional information from the intermediate device for directional
beam forming transmissions to a destination device;
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beam forming transmissions to a destination device; WO 2007/123487
PCT/SG2007/000038 39 generating additional directional information
based on the received directional information; and conducting directional
VYe2TFdHMAg transmission to the destination device based®6l/#6&007/000038
directional information received from the intermediate device and the 5
additional directional information. 30. A data storage medium having
stored thereon code means for instrycting a wireless communication
device to execute a method for directional beam-forming transmission,
the n¥EIRE RS ARG diestiopel drormertiepdiprry endherransieed directional
inderingidineetidnal transmissions from a source device; transmitting one or
mor&emaﬁ@@t@&%dﬁ?%ﬁ?ﬁ%ﬁ%&%ﬁ&?@%ﬁ?ﬁ% dﬁ]%\;.@gé[tirr%‘%% '"dlvice
re. i-directional transmissions from the destination device;
SR e B A BRsHRB fee an the
AR SERAS N BERIER YRR source and the destination device; and

transmitting the directional information to the source and the destination

3cleviceaaisingrage Rmake R AiseHORa EANSIISHIADSs for instructing a
wireless communication device to execute a method for directional beam-forming
fransmission, the method comprising the steps of:

receiving one or more omni-directional transmissions from a source device;

transmitting one or more omni-directional fransmissions to a destination
device;

receiving one or more omni-directional transmissions from the destination
device;

generating directional information for directional beam forming transmissions
between the source and the destination device; and

transmitting the directional information fo the source and the destination
devices using one or more omni-directional transmissions.



