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METHOD AND DEVI CE FOR W RELESS DI RECTI ONAL
BEAM FORM NG TRANSM SSI ON FI ELD OF | NVENTI ON The
WO pwenti4enh rel ates broadly to a method and devPCESGEZN7/000038
wi rel ess directional beamformng transm ssion, a
wi rel ess communi cati on device using the sane, and a
data storage nedi um having stored thereon code neans
for instructing a wrel ess4conmuni cati on device to
execute a nethod for di recti onal bean}forning
transm ssi on. GROUND Current w.re
c ARINPR aﬁNQ)HEWEi%BQB W%ﬁl@éﬁ Q/'REEHF%W\% ﬁ@l\%go&'\“ﬂﬁ
omi directional antefpRANSMISSHAVI ce for transmitting
and receiving data. Wen the device uses the
omi -directional antenna to transmt a data packet
into a wireless nedium the transmssion is of a
broadcast nature since the transmission is typically
FIELPAQE YENBIQM equal strength in every direction.
However, one problemw th using the omi-directiona

antenna i s that the antenna tﬁpi cal l&\% limts the range
of thednyritiop delatesybrazdiy e @ method age slevicg fe wiggless directional

beaRRfMRIirE tralsPiSsise M%ﬁeé@ébnhﬁuﬂ&&wm!bvtc@ lhymg fAe same, and a

omi-directional. tr ssion r er devi.c
datg SHacack FgHat Byt SEATat dRTRPE ropRdnerls G TBUVRING B ieless
corﬂrh&mbﬁ&ih sdevice deviexesutsnya bhaethodblfer tdirextionalniveateforming
rectly with each other despite the fact that they
PESS'"t he same network. One nethod to overcone the
range limtation is to increase the transm ssion power
BAekéI{&mPansm tting device such that the transm ssion
may reach an intended receiving device that was
originally out of range. One problem may arise since
in [
e Gent Wiak e b FUREER BB ERIcEUPLAR) e, 166 B3 Do
dlreﬁwag@wt@ﬁr@adedﬁmgéwu@nwttma abdm@wlgpm@rvéherﬁée dewce uses
the Wnbrft dlréd?‘ohé Ao ROWRI tof RSRIIC § SHatd PALIRR "intBT 2 RNiBst NAdditRY the

arise Wth incr eas%é?g transni Ssi on power to_ I Ncrease
tranls%@m ig of Rdroadeapianlirg Fincedhe tresmisHop bbpicalpirangmitied in

equaN&FPgthan V89 iditeidheHBWER:rT GOftoble \mtm@gmg«%dﬁnmidhs&t%na:

may be increased interference WIthP tenti
antenna is that the antenna typically limits the range of the devnce For example, in a

trang

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 network. |

One method to overcome the range limitation is {o increase the fransmission
bower 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 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 increases the
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comuni cation between other devices that were
originally out of range of the transmtting device.
w@a@rhexusnet hod to overcone the range |inmtatiPCI/62007/000038
typically to use nulti-hop communication to relay data
packets. However, one problemthat nmay arise when
mul ti hop communi cation is used is that perfornmance
typically suffers since |atency between the y
L transmttin ice and receiver device typica
'“teffrﬁﬁ"f“é%%%ge\nﬂéﬁﬁ‘neéWQWSn eﬁ%ﬂ*&w&cw@ﬁ@secﬂjmeﬁémmeththnwentlal
conraumitalionabétaBen Astaérh @evigssO bha MvbRAlrigRMIVAIOLE Eof MBle of the

l.ti-hop comunication is that assistance I's
trantswii“%gagu‘ﬂlc%eqw red of one or nore rel aying devi ces.

Thi s typ| cally prevents the rel ayl ng devi cles from

tra ormun n and al so )

tye ey ified 26 ole SRe i B A teBEudr DeBALL Mot muIthop
conwhemicatieh &y retay dasa pasketse However, ofet prableintthat ridoiiseraHdhahulti-

rorf B A gH I e T 188 LT e M ot
the rteangindtting Weviee andr eceivere devigep itypitially in@esses when relaymg data
pack&@fcfuhﬁg‘; WML ¢ ?rﬂﬁuu%ét%heﬁﬁoﬁ@déﬂdm]gﬁlcﬁﬁf tha a%%g When using

be Consuned transm ssi on
mulEr&l@R éspamunicationsis it rpspistapem Issieically aieqtmedtdﬁ ene oy pereofelaying
devRBSEMTAR hpRhIyBYeRftsUsRA rélede' Je@ic@%\;fr&ﬁ at%%]ﬁrkgo Bl own

a device is a directional antenna
conipricAlioR A AP etMFH‘aa"Yt Rerepsasn dieirsevesall ipgwery gprsampjion when

relayibgaist deiigte dut. | YHt Oar@t}féarﬁrbtﬂ%at%aﬁ Ha?céﬂléénwEQWs% ARiti-hop
i nst ea transm ssion

comgTAGR IS (i By IS 07@rpaed fau e and then rolayed e or

morertimesctypieallyl cansds moificidng: asl tHeSwirdssunbAiGmHCES felildke may
trans es are typically able

be %%gg‘é%é)f?glr?'ﬁ%"'?s'?%’g é’t“%’li?ﬁ%fﬁfg‘\éllf ? ended recei ver

devi ces, thereby establishing direct comunication

o LR BoBf (EATHa ATIRRE. GP%, B dilerh ! oo psed for
wiretaggi teeabmissior thyral devies ishrdiredtinoal eateinng. Wihan singthe birectional
antdhB¥Cthe qi‘é‘:ﬁshgzsfon Gs fygfctallyl kb@gmt ilaﬁ‘n 3ﬂr eC;?a%c%lar )é;rgh%\(\f tﬂg/ﬁ{ds

concentrate a part
an ijeRdRkreceiy e dndRAd 9i @ ganawémmwon hrhadadetin ereryaiireciionavhen

usm@%ﬂi’ﬁnﬁrﬁfd%étﬁnéﬂ dRdrinh CHR! b)dhéngg%h}é?:ﬂor%‘ Béé}g-férﬁﬁl‘radjirblq%lﬁmg

SR Gt Rl shbalo Bpis S Eop e ighoeth ooebie s,

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 transmission energy is
concentrated toward a particular direction. Apart from beam-forming during transmission,
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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device in that particular direction and hence

typically enhancing reception. In addition, nulti-path
WO nioent@8ENCe arriving at the receiver device PCDSGL002000038

non-i ntended directions may be filtered away. This nay

i ncrease the signal-to-noise ratio to inprove

reception. Anot her advantage of using directional

beamformng is better spatgal re-use of the wreless

medi um Since receiver devices may beamformtheir

receivers in the direction of their respective

i ntended sender devices, the respective transm ssions

are,typically carried out wthout causing interference
ot AR PYAGS S Srexibysidsm-FmE HapeHansPatal re-use of
thespiadibssl meeduge Sificd Peseer @bisss MR lb@ﬁnﬁfdﬁlgethbiﬂtereceivers in the
0. not requjre

B B P e B P b ot B fars IS ae
typicallyptagrieeidotiefiihpet capsing\ntadertha at rasghbdaray @aéik@tc]gevices. This
maf HEEE el S48 b S8 B’ Ailing rconr
devinen itypitiatiye de nomahuienwaitingfor thedepmefolre trengmissibmgto be completed
befSteTE&i bir BpA Tl iddkg. i s a "device deafness” issue.

The deafness 1ssue typically refers to a situation
when a device appears to be "deaf and does not respond

to P%Wevbﬂqmnﬁgdié‘&wlhﬁaéﬂoq? RoGHS8es IR el BESH forming
when the reception antenna of the receiving device is
ovep using P raFenidifectionalanieimadoer poblembafl esingaditectienalbeamyigming

is adQlie® dedibss” idsiB. TIRE BbAha N &&célgrrrbﬁépé; fRh 'sbﬁéﬁéﬁﬁﬁ%%n a

t ansym ssi ons sent from ot her devices
o BB b0 T ErY RS GG TooRAGH, G dB{RBEE camMLmcaton

pachetk Thisl reslg ecaen twhea ke tréceplién bREAhY O tHe! REB:iLING device is beam-
ce in rel ion.to these_ ot her

i Vi deyi t . h . .
form R ibrigRd ietion T Fanmyiing devipe Thysi e egeiving puce is
typically diatige ho reseinh ethee trahdmissiensedant ﬁtgmdﬁhér@@\liibés &iﬁ;&dée@ fin ?ther

: h he t Ltte Q ni cat.i on, packets have _no
crolfly el o  BSRHTL  r Bab BRI G ShsPRCAG] Beled md e
receiying devi¢eyingrelatiom teetheee sthediransmissdoresy theustharaddvizes g_re typically

P i |i Sk f : i ium .
DBk bt 308 A B ) T e
compiipticaiomiiackets hanptnat gepehesi the tegeivingodsving. The other devices

typiGeMPTRRtISRS r&8e BleS cofiBicatidhePadkaes %L&rﬁﬁsmlighg(*ully the
_Jr(nnlts intended transmtting device, I's terned as
wireless iy Gecesp ERROUERSy fiBe gbaraewst. therseiviag devise wbieh is not

resgoRsilve @ YhodFrirEcoMAlnibationTp ik Cothen HanRASY fr MMl frém its
rmnes the direction o

TR TSI R e e SR

Another problem that may arise when using directional beam-forming is how a
transmitting device determines the direction of an intended receiving 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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probl em al so applies to how a receiving device
determ nes the direction of the transmtting device to
wheamntntasmits receiver. Al though there are cupPCESGL097/000038
some sol utions to address the above problem further
problenms may arise with each of these solutions. One
of these solutions is to assune prior know edge of the
relative directions of thed4receivi ngl devi ﬁe and of the
ansm tting sender deyjc probl em that mayari se
ars B P> AERERR o O8IS FRHioohOBIGELY VP 6B rtgip o0 frapuen
basisDW eemfm‘e r t)teaprﬁbrdmo&déd’gé amei tbeBahk SobsblRey @Ber@plcél@erequnres
&r OV\A edge nay become obsol ete and typi cal
con ﬁt g<:onst ant updating. Another of the above
solutlons is to use an external positioning device

oni n stem qr S device) or to

s 2hpir 8 SRR Solbik B a2 bl resiining drfced. =

Glohah Pesifigning rystent | op GBAgidegcgnar | tic atseonhe pc&;:iabilltynldﬁgthe
m 8 se
ran SRR SRE oos Y Herofi oBERL S8 gl Bl pesfoning
MeagNIGERHISy eHOV)L%’ef,o@ner @eablan rtbatr sayi anipeaisd tl‘iarboeadiernaﬂ positioning
I C tl S

b el PSS PEOAS dor e ARC Friid R0 JbBiich posgoning
meagiemenis SlSEt“F%ﬁa'I%at!%p'ﬁ é)eqlqa}ly pesiuived itprbe p@rfqrrmm the device
and e EMBRateh is YRlicaly B6MemeO bind PowaL YR uRfiidit i ons is to

use the transmtting device to first use an

omi -directional transm ssion of control signals to

r eyet artidtof efa@bes §ol0ﬁiﬁhé h’éﬂoﬂ%@ Qﬁe,stréhsmﬁttlf@ Heﬁé@@%&%& an
ional beamformng with 't

omnf AR HeadBeEn §F abiicESlonals & rRScoeyihe oivelsig ediim Aeoess
tlmes‘en’suheequdzﬂte:oomumdﬁtlbreG:ltshgﬂﬂecﬁdnanbﬁérﬁ%rﬁfhg thﬁ the intended
devi.c

oo BRI, MBS o % G ot B ppsmiion

 the tr@@m;tvmg]ge\dmiyplealblymnedaidt ¥nole ther ditaetion bhfhedhtbﬁ@éd 1@Beiér in

advdn€ Th& '?é(f@l\hrlid Hg\n \fy 1} "R les & 9 té.r % He transntnttlng
The Geion

vi a omi - Y AN IR
devigy lfréﬁ“t mmcemtrql\ralgnaw SQ@O&? ’fbalmrhlailredmnahtfanmnpmndmstr@ a.

Diredtfof- oﬁ‘%ﬁ%m%AP&lé{ﬁétm éit kz@ﬁorﬁjsqb rtﬁ(? ttljaﬂg}ﬁlssnon Jising gither a

beam form ng or an omi - onal transm .
direcfipng Q?Ptf'r*ior{g'na@ma@eomylm'r@avwl trén%nmlnresﬂtehtfamsmmg device

typlcdllly’ G@ie'nﬁfﬂ;e@fthé halaties elirdbitth @EVhE Gebbiling Jebi%e%ohg the DOA
ation _based on the received response
calo i beRed 37 10e Toriav sl isbhcarse GHEETReign o roblem ey aise s
rangé i imitedibhOAs A tnheditim dhdtBs8CHRAS SrebeMBdE SREY AllAtRE 8iRchtion
caIchaQJoﬁg a eetygilcglﬁl m&:zﬁgd by the omni-directional transmission of the transmitting
device, the receiving device must already be located within the omni-directional
transmission range of the transmitting 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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calculations are typically initiated by the

omi -directional transm ssion of the transmtting
wa@lewi7a23481 he recei ving device nust already be POUSGHEH7/000038

within the omi-directional transm ssion range of the

transm tting device. Thus, the range extension

advantage of directional beamformng is not harnessed

and t he above scenari 0 does not address the situation
abl e to conmmuni cate wi th ot her

ace {jev gres bnot n%e
8sev JOToRHPSPIRENE RRTMUPSRYARC Wity ds dipndedi feseiving Wigvice. As the
transmittisgridedic® :aypkmﬂg ehas Vgt pgmkn’ﬂtﬁﬂ?dgfe ?ih lfhea%éﬁe Sd?rieb'ﬁdno BP the
ans vice to utilise directional
intelded Poohi, SRR M bR IEG Sovled Hieaiia ing sordlca gl in a
rotatiorel vwaneeress:hrtbatl therﬂ(reemsaltbeﬁm-\foﬂﬁmg lﬂrbﬁ@rﬂlé@iﬁh covers an entire
€ | nt.ende Vi n . .
nl EIOLE DA it ) AP AR IH e
conieel opakeigeinothet alsovieematinereis diypiesityi meffisfent haed | tppiesIgtedegrades

peﬁgmcglop@,edﬁvlb&e the transmtting device transmts
the control signal in a rotational manner such that

the directional beamform ng transm ssion covers an

emHernSe 388re Eﬁ%\éeﬁeed)r]ﬁ aorr%m(f?n%r?d;g#st%ﬁyof %\?i}é?ssi directional

. fatthesenln of mu 8

beaf puiokBiNg fanspissiciys ddiesna ?a$t§nwbih@@4bbye prablefrisci ent
and typi cally degrades performance of the devices.
Hence, there exists a need for a nethod and system of
wirel ess directional beamformng transm ssion to

SUMMARYs at | east one of the above problens. SUVWARY In
accordance with a first aspect of the present
i nvention, there is provided a nmethod of wireless

di freetdopdemicelveitina fist (rjaispg:ttolf &liﬁﬂﬂeéérhtqm&ﬂbﬂ/em@r@lsfdré\ﬁ&ed a

ev the ne
o1 00 ST B s o
a Seﬁiéﬂd/é@wcehéhef inetoddevnprisirgndoraducting dndestirére omni-directional
tran&ﬁﬁgié% IRy MR i B & i X g g t[mﬁg tdgg ? ' %pé@ntiring gli% %P?nore

bet ween t he second devi ce an
omnidiregtienal trapsmissiens latween tfeosenantl dlevice randithe tiidodedice; and

detehﬁﬁamgf er@bﬂgwatl F ARHaESH O &%&Bﬁ% tb'%Sm-foFrﬁ{nga[ﬂ%nsmlssmns

b E devi ces based on the omi-direct
e“"tereaﬁ st ppchgecard devices hasrdtonthenomnisditastional drepemissions.
the present invention, there is provided a wirel ess

co|rmun|ct|ondV|ce conprising: a transmtter for
gﬁ?qrafln@ W|t seconrd[paspect gof the present invention, there is

provnded a wireless communication device comprising: a transmitter for transmitting
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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one or nobre omi-directional transn ssions to an

i nternmedi ate device; a receiver for receiving
waleeogati48hal i nformati on from the internedi at ePCBYGZO7/000038

for directional beamform ng transm ssions to a

destination device; and a processor for generating .

additional directional information based on the

recei ved directional information, wherein the

trgnsmtter conducts directional beamform ng

t r dRSPYEPRAE Wi BARIrhRIEChat thePrerent bwepliale &‘%ﬁ ig previded a

w.raew@bmﬁnualcat.m Qevit | nprReRt e rbdeVeM b RadeMirR] BREIRtBore
Om?;éﬁ ang t he, addi tj onal di recél onal information.|n

rapsEypsionsHirery 3 SRHE dFVigsang  gepifnation device; a
transmittgrtfooinanshfiiting one qmrmmbdmdwnmlmcﬁcmbEﬁénmaﬁum eathe@durce

devi c onpri,si pg: receiver for rece one or, .
devite 558 £ e et BB i bR gt dbhebigs birectional
lnfodeailmrefoaldﬂ‘ealaﬂnlsbéamtfomnngidmnsm[ss@ns tatvgedr thersduede and the

des% antfb%rﬁetv c!erbaasgp ci%mrﬂ%r%cﬁ’éﬂyl té'VI rﬁg%ﬁﬁ ?eﬁ:glvgg sbty tn%{«?cghver

ransm ssi ons e source d
whefteipi ibe; transohittergraysmits dhe fdinectiprab irdermragiodi to dbé isonmde and the

destifb R Rividas ugﬁ’)g o‘#\'ero?%ddrg%%m-kaﬁégﬂofngh% iLdigRsm ssi ons

bet ween the source and the destination device based on
omi -directional transm ssions received by the

r GQE'a\é%rdarWﬁae\'iv@r'l 8 fbdieh 5§|§éﬂ:§ %ﬁb%reéérﬁﬂg%gfi%tetn&e is provided

di recti onal information e source i ) )
a dafastorage msdivre Pavieg stred gh%ﬁ@n eedeniieans fatiindiuctiog poyiegless

corrh@ileafions | Nfoe 1tB %&éaltea@emté’[ﬁoﬁ dorf O8iFddioRAP Yeanforming
ntlon here is provided a data

t he present
tra’@f“tﬁ%%!ﬁ'ﬁ%&?‘%} SWH'@S'@,Q He dPA e BANLOHIBIRNSr MeFe omni-
directicrial ltréhdsrﬁ@s@nwltd &h Qﬁérrﬁéﬂﬁfé RicvRb] @&eﬂrmgl dirsctiona e khation

ecti onal amformn ran m ssi on
frorg {0E  Bfms et e B Hiee OBy Bt e e s is bR to
destinationr eevinayi @leneatmg)middmmﬂhscmesﬁmrmnSmdemaﬁon based on the

i.nt er ' d ec | nal. infarmat
e BRALER B SORL . OBadl L et R g
transmissiongtot the desiinsdion evice lmselésmlthatilrec:tlmhel/lnﬁnrmatlon received

fron? Shhhagia dtgélvﬁde% thg'aﬁafﬁ%hﬁmcﬁdﬁa? rn?(%Ha%Bn based on

e receive rectional ormat on conducti ng
directional beamformng transm ssion to the

degd iBrHaELORH Sefthaa%sgct% the Sré%bﬁﬁﬁbérﬂf&ﬁl there is provided a

informati on received fromthe I nternedi ate device an
daty gtoragrimer iR having stared Abgrepm ceppaRaans. for sibeiicandreless

commdrhcemoﬁl fdelicaspeclexedutt he pheseat fomvarictional Weahefolding
trangmlssmn (zhe 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 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 to the source and the
destination devices using one or more omni-directional transmissions.
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data storage nedi um having stored thereon code neans

for instructing a wireless communi cati on device to
wez@cnersa net hod for directional beamfornm ngPCT/SG2007/000038

transm ssion, the nmethod conprising the steps of:

recei ving one or nore omi directional transm ssions

froma source device; transmtting one or nore omi

directional transm ssions td a destination device;

W lndirectional transm ssions
BR?%%Et%ﬁgﬂg‘eP@ gbg:tﬁg%%&gw@égégener ating directional
information for directional beamform ng transm ssions
bet : S 3 dest i nation,device; d
tr anooRreRt==ghe nBRfon B £ et o trs b apearent
to enriot prslingsy skilldn i the adefroro dbe dsliowgngmeitten deserption, by way of
b A" ' : 1 8 - BRI .EE . DESCRI PTI ON OF
o o R Gh AR B AT e i 1 e
better understood and readily apparent to one of
Figeredi®als el gid g llowng witten
gdescri pfmi]egllrﬁ%dck?;/ég\rﬂ/\?arﬁleg? @EE(SJ#B{BQ} h%ﬁ??kqand in
conjunction with the drawings, in which: Figure 1 is a
Figdre PagrastifenttitR@Reitdh ot telAEdib REEQINinSIMiblingF gure 2
is a schematic illustration of the nedium accgss time
partitioning. Figure 3 is a schematic di agram of
Figura Gtide scisdn@dtic tdRuednd g arbBieneiak topbldgy htwhrit.S @ schemati c
illustration of nedium access tinme partitioning by a
mast er device of the star-topology network in Figure

FigBe FFisgarsehématc Blustclionas intedilind Gicasasi lirhé PaFtRibhiRg ByN& master

[ ' r s. het ween the naster device and
dev@\%@%tgﬁga%%p%\lr}?dggg&ﬁik ﬁq:ed%ﬂ'r%%& Figure 6 is a schematic
di agram of the star-topol ogy network in Figure 3

sk IgUST i [ ' ' 3 . cal cul at ed.
Fiay #18.3 Sehdbu Wodial g bt ool efetisd nebinen e
masgrn\deriee pRd feyqeiber dBviges trfdgure 8. ref erence direction to

the reference direction of the master device in Figure
ure 8 is a schematic diagramillustrating a

3. Fi is
Figuré fii AEFRRmAt diageat pf {flerftprdornlagyoretwerkiin Fighrefbillustrating how
anghéb IreFigers 3cpevHBlIsal] on devices in 3-D space based on

the 2-D nodel of Figure 6.
Figure 7 is a schematic diagfam llustrating 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 illustrating 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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Figure 9 shows a sinplified network for determning

directions and distance ratios for directional
w@nioenesa87 based communi cati on in anot her exanpP@l/SG2007/000038

Figure 10 shows a nedi um access tinme partitioning

exanpl e conprising super-frames with a beacon peri od,

a control period and a directional period.Figure 11

shows the notations used t@represent azinmuth and

el evation angles in 3-D space. Figure 12 shows a

sequence of handshake comruni cation for a successful

nedrrigmeaammwsiFm hetsggneaﬁ's@@ tbqul@séﬁﬂ @sifuth and elevation

on. Figure shows a di agram use 0

a“@%?@&?g%%gﬁ%tual angl es between devices in a

sinmplified network, including a source device, a

dest:i natj ' a ster device. Figure 14
Shan e 1B B o BBy et e o rusresstul
medqjgay accepetimpaesdrvationdoowirelgss eorirbusinatish. an i nt er nal
structure of a wireless comunication device. Figure
16 is a flowhart illustrating a method for wreless
di ridgyrpdsaghopsatlisgranmgsed torpalduiate onutial tangles ketbeersdevices
in adbiRdaAwarkS feRiithgOL ¥b fEe ggbigé‘,rae?észinbﬁofdé\ﬁ%e% L fnaster
jllustration of a wreless device for rnplenenting a
deviggt hod of wirel ess directional beamform ng
transm ssi on. DETAILED DESCRI PTION In the description
bel ow, an exanpl e enmbodjment is first broadly
dengWBeﬁ“ PE?‘;"Tg\ﬁé‘daW"?ﬁt'% PE ageiph terRaloaye Betmops fflom af users’
perdpeetiex andl e enbodi nent. Sone portions of the
description which follows are explicitly or inplicitly
presented in terns of algorithnms and functional or
sy itigire d 5rsbpwe serittatriab sisudtirear anakdlayzscopim it ation delica.
a conputer nenory. These al gorithm c descriptions and
functional or symbolic representations are the neans
us &ipusy 1Bhisse flekchdreiiustratingea dettaodpfon aisssssgdirictiondl deam-
; s 1 f.their work to
fornﬁﬁﬁ?ﬁésrﬂi&?nﬁp g% I nt h%%??%%gﬁéégﬁgﬁrﬁ%V?eher e, and
general ly, conceived to be a self-consistent sequence

of FrfuRP$7 liLatcRE8mble MudpSidnesr £ Gikldss dE0RSHE ip1&h&nting a
thé)sfe requiri ng physi cal mani pul ations
method of wireless directional beam-forming transmission.

DETAILED DESCRIPTICN

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
operations on data within a computer memory. These algorithmic descriptions and
functional or symbolic representations are the means used by those skilled in the data
processing arts to convey most effectively the substance of their work to others skilled in
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of physical quantities, such as electrical, magnetic
or optical signals capable of being stored,

wo e@ns2B8T ed, conbi ned, conpared, and ot herw SBCT/SG2007/000038
mani pul ated. Unl ess specifically stated otherw se, and

as apparent fromthe followng, it will be appreciated

t hat throughout the pr esent speci fi cati on, di scussi ons

uti i zi ng terrrs such as ccmducti ng", cal cul ating",
det erm ni ng, provi di ng generating

the @Mﬁb algpﬂtH@ is héfe fRd QPP‘R’E"M Pemvefi do th@ sefftqopsistgpicsequence
of sfepe q‘déﬂﬁngf’eo @fdeglreﬁpr@&bﬂ he %lé?)% an thBse ?éq[ﬁnhébhﬁlc%q: haRBLGtions

| at t ransf orns
of 3 AR Bl A PG cal G A% GREaiiPPEiRccapaH LA dieing

storS(yStaaEferrédi,Cboﬁibh%H ctatgarsd, Fint atHeywis € prafpaRted as
physi cal quantities within the conputer system or
ot her information storage, transm ssion or display
dentsss spécifidahie stdslath@ivisenandassappardr romaby fanewme) ikwill be

app*e%g?%ﬂéétqﬁr%u }gcgult g}%i’é:{re%%tt 'gg?r;cgf():gg%oél?cvﬁ%o&s U}!{thu}getegﬁ such as
"condaating’,h’ ealsulatum ofdetdrminimg/ e frovidting”s “gevierating’l, t'ewdpittng”, or the
like, Srtei%f' g)ttﬁg 91:&99’&1%‘?{13@3%&3 of 2 aoc(,o ity g m Br %mﬂér etléctr%% %%wce

oC net wor our evi ce
thataﬁynla@eﬁeé eardntranaformgi datat regwaenteté rageplwlcbbnhamlhes wnthm the

compOiél %ﬁst@rﬁ‘fﬁt@%ﬂ?&%a&h 1grﬁ'lt ﬁs}e Pegb?ég';eﬂtt@g da%"%i‘%@m L@H{ tﬁe nggﬁh the

a schematic diagramo
compHier A{SRD Pkoteamior@@tsonast@am ér@nawsl@e owgplaxadewces
destination device 104 and a conmmon nei ghbour device

106. The squrce device 102 is a device that initiates
?% ther qeﬁéﬂ'rawno? StardoRgIqay| nedworkds PiaYidse dersdeserintion ayFposes.

Howéwéreaxtwmwlbe %@f@cfa@édfbyl@ SRS ih QRe WitttRat th@ scope of the
n nei ghbour device

St 4 T
inve%) i 8Lkt BlaFToroTac rasts, FOREaBHIS df pelsnigifgt or ac-hoe
netwoakydiee oéminoh imetghbowaiﬂvme nateMbec enyldiiciidl oM@ directional range of

both%gégmg Jg(gﬁce \Qgggﬁegﬁlaﬂérmh  destination device 104 is

ITectiona ange (i ndi cated by
nuneral 108) of the source devi ce 102 but out of the

LR S ol B0 B b B g o

comptaROR 8010, dexice yiiZe &l dentination desidoc 804agd besatiops edighsour
devitd1 €06 AHERBuREIGHBOYH2 %‘%/Hé:\ﬁceltﬂét iWRLLE a rQ?er?eﬂféF\ %?th%%reless

destination devices 102 and 104 respective
mediup agess dimelor cirsclionabbeatpduming epramenicatien {iiltthe destination

deviesm 04 dThiee ebimmida! nefghBoUN deAéd 906 ﬁs’iﬁg&v% HhBeismtifthe omni-
d"ecgl ce 106 i) ‘Be current %rran ement Hal o(ljevu 4T

EUlTEngS b Pt e, sepicetRYires ik anch e desination 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 device 106.
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source device 102 may reserve nmedi um access tinme to

comuni cate directly with the destination device 104
Waigiong2d8T ecti onal beam fornming. Figure 2 is aPCT/SG2007/000038

schematic illustration of the nmedium access tine

partitioning. The nedium access tinme is partitioned

into periodic partitions or superframes 202, 204.

Wthin each superframe 202,1®04, the nedi um access .

ti A tbé 5@ é,ﬁ@ n&g}nentr bg?ﬁe%ﬁingt@%%g tlggpgls p%lﬁ{ggr?éc} gu%?] that the

peri o a I esel

, soummﬂe\aner (1) mem aesquer mediuBOgccess timedo fcdmmunicate directly with the

b devi ces 102, 104, 106
cofBler s bfaha WS kAN Rndler! o6 102, 104,
omi -di recti onal transn1SS|ons are transmtted within

t herigiraiz di 4 &Heh2RaknuBesioA s %ge 518§m| cgzlgsly rtrl]g%lcpgaertﬁs igping. The

time in the reservation peri
mediumapeeaes dMmeply Rastitioned jinte spetiodic gamonmﬁ {Upedtames1202, 204.

Wltlﬁlﬁ leadl bBpHPAMR RO L 38040 the rﬁ&ﬁurﬁ ecé@és‘é%ﬁé)i@ fﬂ??%r%a‘thgnecp into an
ni cation using directional

omat 6% e@k?ﬁgﬁﬂ?@gt%o@na%? ReSeHYAIPD deried Qpﬁnﬂle Dmana@rﬂcscmab period

206Rst useti fog dnthi-Girgitosal Ltraristidsint b}atd%vf%é @Ib.@s%oﬂef’déi(ﬁugure 1).
on for communi cation using directiodal o

CorlyZR RodBlenf Ao g “lfectora koRmans arsdenamited witin

the orrm-duhctletmatl Ipeﬂrai 2(1)6 a'lhéﬁ‘h@:g%rﬁ)t@c&&k%]ICtM ihthﬁe r%servatlon period 208

i nform

o AT R ESh 8 heke 0 BE OB, T e v

comnpgigation.i e pesenGtio? 0Bay Eltiter CloaTiom cAiBingRbaioh dﬁNQ Gfrectional

beaﬂﬂof@rﬁlgggpﬁggﬁﬁrﬁﬁmkgloﬁ SIF ermvn"iltghg{;liogaqgru %srtmstsn%nt

I nten naton
omi -di recti onal transn133|on Therefore t he source

deWduFnitg %o ERITEMILS %t%?? Wﬂglegi %teﬁt)ézm\évr"o ﬁp (H]efo@ FYBMpnication

destination device
using edjfectionph feanrtigrmieg; tthe solisa Q&Wmacﬁ)mtmt usspan d:snmmrédstbnal

tranSMBBA dufhg m?ﬁg?@ﬁcﬁﬁw&\%ﬁg?%%@% W ﬂ’Ler E5hin8N neighbour

dev'?%s@vﬁ’f |§3lo ??QP'élal%’s fequesh it ém é@}senﬁlg@ cmmdt 2@8. The common
neighbamir-davite a0 eaamuhic R8s Mis s atidr %ﬂﬁé@ttté £ |ﬁ@ﬂ@é)ﬁ%§$ﬁl9§ﬂon

evi ce 106, the common nel

aovid oA RSP Bl ticospisean; Theiafaractorusee tRdce 102

comgwinicetes drelirectly vﬂlththa mldstirhﬂord asvicaad4 fhi"bl@ﬂ‘fh@n g?lﬂl(%g Sré@m)our
e conmon

dovity 308 HhoBBSlianS cotibk MhiespaRin pule Gmer ngingrurdaice 106

via qgnggnnlﬂgeq:t@nald@msmsmmnﬁnamg\M&atlsaufrenet e \tesepvation redqifdst is

accebt¥. 'H2kad ionetndl SififitdiRBicthl ¥8smissions transmitted to and from the

common neighbour device 106, 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 calculating the ratio

of the received transmission power at the common neighbour device 106 from the
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source device 102 fromthe destination device 104. The
determ nati on of the above direction information

WO plaeBas87 cal cul ating the ratio of the recei veRCT/SG2007/000038
transm ssi on power at the comon nei ghbour device 106
fromthesource device 102 and fromthe destination
device 104. It would be appreciated by a person
skilled in the art that abgelute distance of the
source device 102 and the destination device 104 from

souichle¥ SRR andi Tt g derdivetion deyisei W04n dt would) biprapgreciated by a

persbRe&i@le@r i, thanaft iRAO&bsBluted Btdncd Tbof MR SITURIE BEviEd13D2 and the

di stance calibratjon is not requjred.

ui res. an
dest@éxﬂg @V Ot gt dberi GPAYHUNL Nslohbol devics:110Bnis not required.
Thele\“rfr@,r avat fapge Bt bbsitth Klegsidrhgd thal reqies &aY @ﬁs]tarh;@'c‘é%ratlon is

t he arl s relative direc
not et I Ot Pl R glsehton iy Sration il feesriped i
moré Hetail eklatvi ve direction information to the source
device 102 and the destination device 104. After
transnmitting the relative direction information,
as@ditai riptermirting Hbe coariousi mﬂtwendnmﬂumshfdmaatlcbeeme common

ne;gﬁﬁ&tﬁ%@%ebl?b‘tt%sﬁ]?ggﬁ%%lét 8 (ﬁll%xtll lnigoQI%atlgnh% t%g source device

our device casts he ong
102 aad é'ﬁ&/d@ﬁtmﬁtl@f davige tPddAlien tearsmitting thmeiagvmgrm:tlon information,

ass@ﬁlﬁé‘%ﬁ# e QnkGlicatith %hJeQPna{sﬁﬁe%hva%ge gmea&&‘gaﬁloh dfg@lce

I'S used for conmmuni cation e source
104 the epammph deiogbhowedevice 106 boadgasts Hee rong@ﬂ@rremeatnon of the

medflink 86dek§ thhe @8 g AiUr64dch@ipatkant ennae toward each ot her
using the transmtted relative direction information

received fromthe conmon nei ghbour device 106. The
SOWH tHe Yéset eliGhedilim RebédsXinte BARLH 9br RAnk@licdtion! A€ source

e et N e e

antediesd tonatd @archctewerasmbgﬁe tr@tﬁﬂmﬂﬁéigrdaﬂvé H?%kgﬂhﬁrﬁfbﬁmaftlan received
to, t evic er ef or

o] PRIk S THE 00 T B porve

packebrionthe clatination elevicy 104t tsirg aiteaihalr bemm-fcgmmgr mcbmrmnal the

medgle %&E%&? rﬁ%‘?\%tlﬁﬂ uﬁ%ede%ﬁﬁ’éetf&g g%ngrl%e 484 resR§our qr}masbgtp ing a

Vi ce f or ns n nei
respoigge packghist thersogrcendsivice 92y dbenefoae,i the sooméldemtm@ﬁ ang the

desthHE&Easticd 16y cBﬁmﬁﬂﬁnmafet HiRR R \nﬁtﬂr%d'cﬂlotﬁ’éctlfs‘?ﬁgvgf.tn?%igﬁal beam-

omi-directional transm ssion reser |
formingn fihenggurem device ytd2e kst ie | destipation ndeyiren d04h enr informs  the

comfiBMi RdighddBr device 106 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 to announce periodically the medium access time reservation. Otherwise, the
common neighbour device 106 stops announcing the medium access time reservation. If
the reseryétion 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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conti nues to announce periodically the medi um access

time reservation. OQtherw se, the common nei ghbour
wa@leai7a234806 st ops announci ng the nmedi um accessPET/8€2007/000038

reservation. If the reservation confirmation is

successful, the source device 102 and the destination

devi ce 104 communicate directly with each other during

t he reserved medi um access t2ne using di¥echionag
bea . Based on t he announcenent of the medi um
accgé d[ é’ge?‘w&?msw Bl theneediymasrenstigisotaservation by the

cor6n r@tdmeburct&éMoee'HJGV\/lotHer RleViasg @itkih rbr'itjé 60MREdmmon neighbour
nei 106 a aware of t ser vajion and

g g&gour dev r%%
Y&y Y4l éwarge ‘i‘?%g RsenGiol rqeoRY, T Cﬁe g3 B‘i’?éd OffirgeRges as
meBtariegrio thedBakgtound sedtlbnommﬁerwm{;d& as % §d}ﬁce3(§l§:l/idee1 02 and the
st.i nation device are
ced U, R ol g oo Bl PreRgSming, the souree
devdesu i @2 ade e eeiii)atuande\mtae 10k staynadt irespotid \tb aehet (bmimmynication

A pa(ﬂi%{s sre§§BQEgn b9 tl%tqsg %Ehggglgggésg %%ntc'e% ?%&@?tdg\{ Sespatlrat&%lfa&e of the

ese” ot I'nce these
abgyeediggptionsal dpamHerming gemdiunisetiororthé upeespofsivemessy of the source
dei@Mgp| &ﬁf/éroﬂ‘re HOSinHSE HROBS | VERINES $x %e(;/’%cééed“ %6@ Olllilcgtc Sttributed to

device 102 and/or the destlnatlon / s
‘deglhsett Epsgrinaisievises My dhasudeley transaities sommuiieatisnatackets to

thed §Mjr6é3 ey 102eBndlBt We tcfe@ﬂ‘%?bﬁ t (Bé\‘/gzec @W{EI'UF #id PBam-forming
ackets to the source device 10

dRIcaiionis ForpRiGiegelnthis deseriptio, Hée U&i’fﬁeﬁérmﬁ)ﬁgm may be solved
sin€0BVBIN iskaé idevice $h 6 EHEIdshy Adtwbliis ifEemALdiRklHA rdrd8 of the
"deaf ness" problem may be sol ved since every sl ave
maﬁ?@&?@ % n a star-topol ogy network is in
onnl-dlrectlonal range of the naster device. It would

be t, 1 omi -d| roadcast of

02 OB SRS SRR R
time resenatioreis rdéliinded toRbe nt‘aswmleepe tFoe eMmpldptasibrdimMaﬂenay be

[ tted

altei‘rb)aftjn?%lg e gé(ﬁ{é%na‘ﬂ t@ﬁ%ﬁ %8 BZ ttljll% ﬁ&%@%ﬁ%@é SI? g%ﬁtlﬁatlon device, or
botto| | owi ng the general overvi ew above, the current

arrangenent is described in nore detail below Figure

3 is a schematic diagramof a star-topol ogy network

300" 0llawing dhe perridl Quenvieyp abave, Hee mursant @mgnganient e tesriked in
mon%o&bt@nslelédv AMGUIAEY isCE ScHbniilit dMiffark o?%f%tévf t%p@ég?gpﬁét%ﬁ@soo A

work 300. It is assuned th every device I n
masl.tﬁr cse)(é:le\r;%%ks i@@dnaster of the network 300 and slave dewc?a/s A 304 and B 306
are associated to the network 300. It is assumed that every 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 306 respectively are as indicated in
Figure 3. Itis 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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has a reference direction which each device neasures

direction from The reference direction 308 of the
wore®vae348evi ce 302 is as indicated in Figure 3pCTb&2007/000038

reference directions 310 and 312 of slave devices A

304 and B 306 respectively are as indicated in Figure

3. It is assuned that there is no prior know edge of

the directions and positiomg of the devices 302, 304,

306 in the network 300. Based on this assunption, the

r ef Br K19 BUERNt e Fangpgenty dhe rrnates Dargr measured i cladisns zand are
medduréd I8 ch&ite otkfisa! diRefidnOons @& Refferéﬁ’@e RG] of&hCRvice.

302.1n the current arrangenent, the angles are
Angles Surdld and § malGiieprasaat (e eospeetivigrdiigelians #f the device A 304 and

the W?:E% 368 Q%%ealzfﬁngd 'erﬁztthQReH‘grreﬂgé rdl?%ctfgﬁ z?%é %@?ﬁe masfer device

irection o devi ce
30% yrdiaseris Xfecandegpaepi r\?éfeél@ﬁtefbﬁl @m’ﬂQﬁ of e dmst&t edetice 302

det&Afin@Nforh NBe ARYE&Re Elz’e\%%c@%lrg&fo% r§1 Besh f’;f‘IQrBftthg éiewce A 304

reference direction 308 mast er devi ce

andaflig| davice B 13864 £09la a3 352 rf@&fﬁ‘%@éﬁth Arguigr difarprge btweers the

refdr@iSdeCairadBdn 380 39 2hdl eleGitaNeos fha nfhé hercree ‘%m‘ébﬁ'&] 308 of the
referencd?égl rec |ons 310 and 312 of the device A 30

4
magiRy deree d@6329nRepresentss e Apgyla difetench petween the
refeagpel @irecton Be2 eiake lietive @ 306 @nd ahe reflReshceidireeidnoB0S 4P the

f the d A 304 the re ence direction 308 of
A L R K O
referéyiiel divecttinf 36 ﬁﬂ%@ PL] ¥RERpFIENTS %@Bl?&%@n g he delid 83!310% as

of the device B and the reference direction 308
determinadafsere rttheaﬁ@rerecesmactmngﬂbef the Alovis@ A 30viwhiRDariike! dzyAe328

I ect ference d| ection 3 .
repfREBRYuE ahehih bERREEIIcE & dlad TG R R Eaogion
312311@63@@@@33% ned fromthe reference direction 310 of

the device A 304 while angle F B, A 328 represents the
direction of the device A 304 as determined fromthe

r effdgwacleisda sekamatio iBustatiast of medidey acues8 tideeparfiiogingeby the
mastér devite k%ré bih HHE Ml Uelice BRI (H 3( Oigh%g?)gﬁ ltiogg‘aweTmedium

part itioni ng e master evi ce
acChgs Hipp 'a*@qus'ed'scﬂzlpmag@ﬁ@ ®)402aEech isyperframe er@dfQihis further

parioRes mtd h MRakdH Iﬁbrlé@r(BPﬂMM URREDT PR (@PQ 406*98d a RRE&vation
p@%{ i s further Bartltlone into a
PerRg5 s B8 (198 g?%#j)‘wezreseavqéofﬂrrt P ResPoERVePPO feguRdd) to
broaddastsatnesat obdeon ﬁdméRBb"ng%Qﬁu difésoRdt trhRdmisSioh ERRICIR 06 is
use]a %ry tklé] %e\r/rlgesst l%rthed %\é ?k %88 (éiglg:Lllrg Lg) (?orsgmrtmipdirectional 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 communication process between
the master device 302, the device A 304 and the device B 306. In the following
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broadcast at | east one beacon frane using
omi -directional transm ssion. The CP 406 is used by
wao b®7dzs48Tes in the network 300 (Figure 3) forPCT/SG2007/000038
omi -directional transm ssion of any control packets
or data packets. The nedium access tinme in the CP 406
IS subject to contention by the devices in the network
300 (Fi gure 3). The nmediumttcess tinme in the RP 408 .
ocat ed e network 300
o< g iy D s R mA 1 FUorETE b FIGUE hepioue 3, Figure 5 and
Figoner§l. - di recti onal transm ssion or directional
beam form ng) wi thout any contention. A target medi um
access block 410 is a period in the RP 408 to be
r eseeviesdA 3P4 deitiates the mseﬂvamncmscessmyl smndingra notification packet,
n tic_dj
calld Db ot tbf ReduBe” (BRT IR ASEURER oo master
devipgsi02rto srayesiaeg@yationnd nipditincaccasg e imihe tRR24@Retvi comnBinicate
t r I
wﬁﬁg%vncérB 3% (9hd %g@%?%@éﬂﬁgﬂﬁrﬁ ﬁf.ee [ﬁﬂa%FRéqc‘ dagiéeq % is

made to corr‘ponents I gure
transfipdetoghe mastes @eNCS@@ZILﬁlnglaéi‘t @thdlr@ctr@gletrml@mn in the CP

406D RS AfEStP MeREN S0 Bhai AP biltl fedikioR %&@85’%& fo & ldee\ghé?her or not
"Directional Reservation Request pac

the ggservation feguesids arceplagh dhe mementa@qu@stﬁe ﬂ@@@m atqceqahures is

. beyoihd tedicupe afaprRHBvehiisle i n the RP 408 to conmmunicate

with device B 306 using directional beamformng. The
DRes_Req packet 502 is transnmitted to the master
de\Assemﬁ@Zthasith@ reseroatioh - @Gt tib Civakbpted, aﬂ)‘ém”n‘é§ie9rdek/'6e 302

(" d 302
notﬁ"& thS%Plg e%ggzg %rgu %vu? ( (Xt% 8te t%gzﬁg& t| car §stt lﬁéng an omni-
dlrepm;ef Vransroinsio gu eise GRS 4a@ te poredrd ﬂhaeDR&fpl )| R4 phciet G02.OAfter

‘ recénﬂ@g ﬁ)%(‘fbﬁ\}ap%sd%@&se %P %%glle? ﬁs’f X5 (2 el? %ﬁé) E ga%fédgtto h’@ master

e res
devige 38gtusing am@nmemor@btmwum Inclhe CiPe406, irelidatit@whetter or

not tif r@@éwgﬁ%' feuddt %F)Qe\%e hAh@4ne §@Je\3?etd' ﬁgs@@g%tt {h?’njeggrvatlon

an omi directional transm ssion .
reqyest ivapecapkrs. tie devier) Boatk tanguis aADtre¢tionelch§nfwﬁna@ort Request’

(DIrf® TReRY) BackeDRESoREEMABEK iR 32, t he device B 306

responds to the master device 302 using an
omi-directional transm ssion in the CP 406,

| n oNt ¢laib istige)Mhet Higdterodevitdt 302heas! r@é&ﬁéﬁﬁ&érﬁ’rﬂuﬁn@é’(%ﬁ Sackdis sent

.acc e umn
via S Beforil e S Mo hatb 00 A 3ak Ak gpYie B8 e master
devite 302 hias adequatd mﬁmamaﬂo chrURie @b AGIcRes1Y 8L, 314, 0 5316, 45

326 and ® g 4 328 of Figure 3).

To describe how the angles 0 4 314, § 5316, @ A8 326 and @54 328 of Figure 3
are calculated, reference is made to Figure 6. Figure 6 is another schematic diagram of
the network 300. As the angles 6 4 314,60 5316, ® A5 602 and @, 604 are calculated
by the master.device 302, it will be appreciated by a person skilled in the art that the
angles 0 4 314,0 5316, ®,5 602 and @ sA 604 are calculated based on the reference

direction 308 of the master device 302. Therefore, in this current arrangement,
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(D nfo_Req) packet 504 to the master device 302. At
this stage, the master device 302 has received
W@ eovmzd48at i on packets sent via omni -directi onBET/SG2007/000038
transm ssions from both device A 304 and device B 306.
The master device 302 has adequate information to
‘calculate the angles (e.g. q A314, q B3 16, FL S
326 and FBA 328 of Figure 3)& To descri be how the
angkes A FLS 326 and B, A 328 of
Fi guf‘@6@25r Eb% uP’Ht:%g ref erence isﬁl)nade to Figure
6. &LQB0L= Qm-scpgpgzglaimggbenatl c di ag(zzm of the

network 300. As the angles q A 314, q 316, FAb 602
and FBA 604 are cal cul ated by the master device 302,

it j d : il AN
t har o g SRESCEAR, 910 BrofiR AP e dpSRe addiiidype s
306arespeetivelyl i ddabaomtl towandseeaohf ethencdtedialigning otheid 08smctive

refetré?%e'@l%kﬁcgnsd:ﬁ‘b' &giog%t er%g%gﬁc% dlé&%&&{'g?S E{hlr&e%taiter device

arrangenent, FLS
302pghe merd Zgocesa BhHtB device) ATi0¢ andglieviceFRARB06 GRe nsed-ai the

angf®@4 281 Md bi sesl {hedevi ce A 304 and device B 306
gresp/gctlve tho [)(%'}'gﬁ‘rfo ’m t owar ds each ot her after

aligning their respective reference directions 310 and

31 r t 8 of t ster, .

oo KetiSo SRR 5 L1 8198 o Bl hansnipon
algagittan deanyg etrﬁr 3ﬁﬁsuaeﬂ mybaatgdrimmst e magbeseddeA3eealdides the
angf & A B 15t Ra BB Pl 8 Sk BT latte ) feconed
fronaltmﬂe\tudsurmosomryd A DI ¥y padket 8BS lr(gghlgao 5) Fé&aﬁed gﬁ&ﬁq the

devnge %1 GHggo\ée:& %8 %Mﬁl\l@gﬁ Srﬁtgg%eq%g @(&th@ ﬁC@QﬁS of t§§ invention.
received fromthe device A 304 and the Dldnfo Req
(E ed th evi_ce
225K 4011 B RaTho SSBEIAIFY o S e e o

|Ilu38@t@9 Gweafefe‘rér%elcﬂé&i&nb 310 ahd 3ﬁ2|a§tah%'ﬂadtt@ tiﬁel%‘férélhﬂertgretzthﬁ\ 308
ation of FAB 602 and FB, A 6 Figure 6

for é‘ﬁcﬂgtﬂnaf"é@o?% ri"éfsé'}cén@é EngfeécfplA@néo%ﬁm afda $94 gfg initially

icalhicgnath rb éch@tﬁ@f@éreﬁ@eedﬁa fi&E tion
Cacpur poses gpnl y since the e{ngCIesMFﬁ(gBH@%%agt%gd%E&%dgp

are initially calculated with respect to the reference
di DRE0BEMdIBE0H atdfe FesHelivel@¥taf®es38 device A 304 and device B

306 from the master device 302. A variable r, as a ratio of D, 606 to Dy 608, is
expressed as
‘DA
r= —= 3
D, (3)
The angles ® 45 602 and @4 604 are calculated with respectto r, 605316 and a, 610 .
where
GA=2T|'—(T|'- GA)
=1+ 84 (4)
Using trigonometric identities, the relationship of ® as 602 with a, 610,60 5 316 and ris

expressed as
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DA 606 and DB 608 are the respective di stances of
device A 304 and device B 306 fromthe master device
wW@OW7/12848ari able r, as a ratio of DA 606 to DBPGDSG200%000038
expressed as ' - < > The angles FLB 602 and F B, A 604
are calculated wth respect tor, q B 316 and aA 610
where a, = 2tt - (TT - QA =tr + QA (4) Using
trigonometric identities, tibe relationship of F S 602
with oA 61 S 3166,a dr is expressed asFB, A 328 is
derj ved fn%&ﬂ%@&fﬁﬁiaEd is exp{!g sed as Therefore, as
aA 10 hd (o 16 case, known val , F B 602 and FB, A
604 are determ ned after calculating r . It would be

® 5, ABIY i€ WbeRrdhy 48, ;P8Z6SAHY iS kkprbe@diad the art that there
are various nmethods to calculate r. Two such net hods

ar & mes @4ishe@ bel ow. One net hod Bb cal cuI at e :r is the
h
Theggt??ré,ﬁ% %P"éﬁear?’(ﬁée 529%) alE% twngﬁglggsg Ik P8 t%pg%f% iDlBéOBM are

h T onmuni €
dete‘rnnm&daftercdmmamegA 304 and device B 306. During the
reservation process described previously, fromthe
recei ved DRes_Req packet 502 (Figure 5) and D nfo_Req
padtkeouid®é dfirgciated By a pepeotskilletyin thdrartnthat ererel@nd egrious

metlgcfgh%ttﬁ @él@ﬁlé‘?e'}efwé Q&hrrﬁﬁtﬁ%désegagg%&{beg Bel% gnal strength

ese recel ved pac ure \é’) and 504
(Figure 5). Let PA and PB denote the power of the

r e%b@h%@ﬁcﬁla@ﬂls e ﬂHétSr RViRH %grdhpgﬁ SR fecéll/gd signal

respecti veI pendi he w re ess anne
strength gomdhe Pﬁ'ﬁn@n@ﬁvcm @ayﬂetg pessmitted Fomthptdevine A 34 and device

B 306' Buring StheP rRHMBEN SriGessea&dcliBsy F}ﬂ&‘ﬁ&us‘?&ndfr&nethe recelved
DRelsl |§t ance of the device where the transmssion is from

} ereldriours ot andPlatos Red peish 504 fdovie ﬁarsﬁspecptefely, the
mastdp ai@ﬁc@ BOP AGRI MBS AR Fecbi0ES poREICH: dignal SBENJHOOf these received

packe?s & F?@U're”% anla%04?ll-'|garle%ns hip.

Let Pa and Pg 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 normal 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

P,=py 2e
And

where 2 is the wavelength, G, and G, are the power gains of the transmitting and

] GG, (7)

receiving antennae respectively, and d is the range separation. Therefore, according to
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 Pr and

transmtted power Pt are typically related by the
we@owati2as? where Xc i s the wavel ength, G and GICT/SGE07/000038

the power gains of the transmtting and receiving

antennae respectively, and of is the range separation.

Therefore, according to equation (7), the received

power Pl- is inversely propprtional to the square of

t he rapnge separation d. Using the relationship in
equat| gy (7), r may be expr?qsgsed asTherefore, one
msthoﬁ? determning r utilise the power of the
recei ved packets 502 (Figure 5) and 504 (Figure 5).

Thefefote) @he Mdtharl obdetelising atid Outilisé %@Nov@é?{'ﬂ?@ﬁé {’&e?v@@ packets
ans SSI ay hetween transmission tinme to
502r(g %%ﬁzs lT"yl’f’eég\/al ue of r may be determ ned by
fi rst cal cul ating the transmi ssion delay for the
k Figure 5 ransmitted.fro he ~
ol ALY ARy P R R TR s sgfiAdes betueen

transelissigndinmentg red¢eption imenT Pses:ah:e afe heay tfeafetérhmelal byffiest lBaigulating

: devi
o BRESRSBA el G, BReb 0 MALE! A5 BAH G e
devige|Amyed ter @a@letf@rmﬁst@ddﬂmseiﬂ)&mdtcammmg thedcarismisston delay for
[ r )
the mﬁf@ ﬁ@dqﬁé&ae'}] g@h l{ﬁﬁgre'nﬂoﬁ%%m%giﬁqlggg&lﬁ% Q(?S [g)reach the
ma %rs 9’ he Napgisgjop &gl mseﬁret dféerabmdebaagg on transmlt/recelve
timihg ARGat6h MRIudEl BV fhel BRI RBq Gaki I58b ?ﬁg%l‘é%atéﬁ@ the Dinfo_Req
ssion delays are appreciated to ?
Pacffﬁ@ggmf'%ﬁa? f%%?GP%V&Wsﬁ]@%q iwernsthg bevse m@ﬁ@r@m@n delays is
therf editated. Adtfe tapEHILISS Uaﬁyéjﬁje%ﬁﬁre@faféﬁl 92 direktf) &Bﬂ)dfﬁ%n)él to
i.mat e Based _on e above description, i1t

00d. es
tfa”%%‘l?ﬂ?“ 5’@3‘%’&5%@?&\"&5& fRfiopf ;S‘?f%ﬁ"mm %Gdasfsmrew@e%@ gelatively
gootl eatimathef absol ut e val ues of DA 606 and D 608 are not
required to cal cul ate FAS 602 and FB, A 604. Instead,
the variable r (e.g. fromequation (8)) is sufficient
t o Baabd ohdhe abh\® G&B2riptivn, FE vBul tﬂ)éppré’heﬂ‘eefb?rae petsb® skilled in

di t
tho Sk 7%, AN VISR S, Rttt S oBh BRuPe o Sl 240
602ang| &g, BPAI3lebd, e IdfablEAle. @ Grdmeelialiorsh) i§ QdsiciEREo calculate
mast er devi ce 302 proceeds to transmt infornmation
P g SRP AN [Ty QOHeT%ﬁE@f)E% the gevipes do polreguireradaiitiopelrangiog devices

to céﬁ%ra%@@drn{egsﬁs\afs%cé 304 and device B 306 using an

omi -di recti ona

After determining the angles 0 , 31 4, 05316, @ 45602 and Pz, 604, the master
device 302 proceeds to transmit information comprising the angles 6 4314, 653316, @
as 602 and ® 5,4 604 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 6 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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transm ssion to broadcast a "Directional |nformation”

(DI nfo) packet 506 (Figure 5) in the CP 406 (Figure
w®G007B23680 on the g A 314 and q B 316 i nf or mat POFISG2007/000038
received in the D nfo 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 aligenentprocess all ows the
A 304 and device B 306 to beam formtowards

dev
pro‘é’éé ?'B‘f’fhéf}e fryisedA o4 1ane dexicaiR 80P imbeaa-form Bweods eash other
basEBoiHe(écdireReglds\VE J\Q’GOZF A 955664 '@SB&“%]% al i gnment

process, reference is made to Figure 7 gure 7 is a
schemati c diagram of a section of Figure 3

i ' 1rgp Héﬁ;tnbiﬂg tﬁ@é\hg%nh%ngﬁﬁéb@& éfé’i‘gﬁceclg {ngﬂee%?-‘?’getﬁ‘e AXi3aR 7 s

nd aligns 1ts reference direc
a SC%S'P‘@P%%@ agy of @csacion dddouse 3illvstratingthew the devee A3R4Isalsuldtes

o, PB22 AP a'iiglgs ity\h&BrehBE dffeMich 310 8% e rrﬁ%@n\ﬂg deta&ﬁm%dg 8 the

packet 506 (Figure 5) broadcast by t mast er device
masmziewpe 3p2badeden @hﬁ3221f ormation of g A 314 fromthe

master device 302. In addition, the device A 304

determ nes the direction (indicated by a A-702) the

Dl §Ykenpthe kKdevicd A63¢4-iegeives Bk Dlsfosmtkeh‘ BOBT{Figise 1BY broadcast by

e SERAGHS20205 Bl 1 R FAL L B B e o

In atidl‘lﬂaoram}gi ée\ﬂceAA BO@Z{étdrﬁnn%X ﬂlﬁ@&lﬁeﬁ:ﬂo@%néﬁcé@d 'byaa A/‘\702) tfhe Dinfo
- A- (9) Based on th

pad%éﬁeé 'E{wa 5&8 Sent @9@ 9@@@ feslniguésostichrasdbe @@A @lgardprusxr any
othet fiysiedl aaR CAgatithRst USAg %@m@ tédhicRbe St AP 32 @‘8

that it is aligned with e re erence direction 3
exprepedagst er devi ce 302. The final aligned reference
d| LEGHd an. 4 § -igndi gat ed by numeral 704. The final a A
06 Of the master device 302, fromthe perspective of
or de\mme=m+3®4 ahased on the (@ igned reference di rect| on
on c, =2tr - 0

coed Pt (SkSHIEE, ALl 2 o S S
diredﬂi@h Qﬂ Objeavbddi el , 0822 thhtifis RRGIRIBREEN i BfhEo Blrectlon/ 308
of the master device 302. The final aligned reference direction is indicated by nurﬁeral
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
Aa= 21T — (1T - 0§ 4)

or =TT+ 04 (10)

The « 4 706 is used by device A 304 to determine whether or not :its reference direction
310 is correctly aligned to the reference direction 308 of the master device 302. This
determination is carried out by device A 304 comparing « 4 706 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 « 5, 324.
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310 is correctly aligned to the reference direction

308 of the master device 302. This determ nation is
we20riizgdsput by device A 304 conparing a A 706PEISGIIOT/000038

the direction (indicated by a ' 7Q2) the Dinfo packet

506 (Figure 5) is sent from It will be appreciated by

a person skilled in the art that using the sane net hod

descri bed above, device B 36 aligns its reference
direction 312 to the reference direction 316 of the
mast er devi ce 302 based on a BD 324. After aligning

t heAfterraﬁ@ﬂﬁg‘—fHeV@est@Etﬁl@Q@@%n@é HREibANS134HY Wt%wc‘e@%%
i.ce and | ce B 306 directionally beamform

a“‘fl gﬁ)él?%l E@éﬁ% %’Fﬁf&“a SeRMde™ Fwakth geel other diasad | thef angles
infofm@ibh dfFd gUisE Egups) InB B\, PEE (Eldurtis)Gedectipect i vel y.

In order to describe the conmunication process after
the devices A 304 and B 306 are beam fornmed towards

eacil f§drab, deseiRr 18 €8mhuniFBgiH %Eé‘ssté?te};'t&ua&lcég dﬁ%bf%nd B

bean}forn1n%gtomards each other, the device

306 A kram-togmpd denerdd Ritelh POgE defranee ds ynadarhasty te Iigump 5. After
beakO®rinhgQoOnards %&W%h%ﬁéﬂfv%%?e@hiddggs nggéAB:?gg @Bmmunicate
ce
dire Gt 5 ?ﬁ‘ é@e o the dprrliy apgsss dmedgesrvaiopkesuestsy by
theuddvicg A aDdr dtibi devige Aoe:mmtiansnﬁtaga trés@ﬁféﬂd)@%cﬂlésﬂ (DR&E Req2)
T M Mo N e
306adHe HResc Beg2 pbtlet 608 itransivittrd dwingi thié seart bfethé)lm_ﬁeltqalum
S ,or
BB 590 0 BOnald LR Bt 1 e
accepiRed_RIgSSS B kesenalion msquegt ay dranewitiingnal respensef (DREsNBsp)
packé@N B sy LdirekforalGedH fd?% Qr%n%lg%gﬁ mdtﬁ%( lftEction 3P e delice A

t he neantinme, the nmaster VIC
304broadcastl ng the D nfo packet 506, proceeds to _
indicate inits periodic beacon frame broadcast 512 in

% 404 that the targeted nmedi um access bl ock 410
Bgferfae?'g@& {ednasier device 307.ifar breadansting tieddnfo packet 506,

promﬂmirﬁ&tgtd)lﬂ i8qJenBde bba&nor@ﬁhetcsrg%é’a%flg@ ﬁht #8\UFC 80Bthat the
3086. e beacon dcas i ndi ca

ta@s%gi Pe g‘Hgﬁ agteee u@°%1n§b‘f HatPPhH esaped sfPrnﬁ'“?‘ﬁ‘PB?'n’éﬁiqnbf?fm'ng
comnaunication rhedwdear trdededas A 304 mdnédwer B BOG!L Thd %eacon frame

r ' um access

oroh£587 50 K0 b Aol ALBRLEBTRALTRAGET: By B
othetalgvices B B@Betwork that the reservation of the targeted medium access block
410 is pending confirmation 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 306 (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 406. In this arrangement, device A 304
informs the master device 302 that the reservation 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 carry out directional beam-forming
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Returning to the DRes_Rsp 510 packet transmitted by
the device B 306, after the reservation confirmation
W0 goocorqabet ed, either the transmtting device PCBSE2007/000038
(which is initiating comunication) or the receiving
device B 306 (which is the target device of device A
304) -informs the master device 302 of the status of
t he reservati on confirmati ogp via an omi -di recti onal
tra nin the CP 406. In this arrangenent,
corlfb oA B8 IHirbreeed M RteBrss(Roa 0508 thaator bend, f the

resdérest&'rnV@hf" DiatioR (e ktedsful GAE g Qe\htye ﬁﬁmﬂhﬁés' tﬂ%r dcast the
oha rvati.on Res onse" (DRes et

oS AR AR ey T B AR P04 4 b FEotel Eanes 512 to

‘notm&hplrdmm ih ¢hec aestwrmmﬂthd iréseplatiomar the reservation confirmation is

d di um
unsg&ae'&i{;f) I%o i ate t OB 16 é e r 2 e“’emastmér device 302
access G2 56 % Forhe a ty
stonsets'eadmsﬁlrmwthemsfer\rauam oﬁmemedammsé Ullock 4®einRYeléon frames
deV|ce 302 continues to broadcast the reservation
| nformati on of the nedi um access block 410 in its

beacon frames 512 to notify other devices in the
netiidhg cyfrentharrangsmentitdusng cbhfirnhtior ef drev edsevation, the range

| exté?@f?oh'dl_f\)s Wﬁfébtﬂﬂaf Sediil ﬁ)‘f‘l‘r‘xﬁﬁs‘rﬁé}‘ be @%I&Wélﬁ%%dth?ymg Hevices to

DR p2 4 packet, ster
Coﬂm%w&ea@wm&“qua% th%@@vwﬁ iafmn@ifmtqmrwﬁelcpt@nalawew range. In

addisbec ky 4witbhihd thé %n@ﬂﬁ&@"t’o ftﬁ@?@q%lré&%ealhrfoﬁ\l? &n lér raﬁg rPo’[en’ual
rrangenment uring confirmation of erese
inte W&"?Egﬁ@'@ M@ﬁ%’?tdﬁ“w oniflirestionab hgpmyersting @mmmngsnmme be

deteeled. Thus; tspayialablissoNthet roSerl MO GRMbE @Sing lerﬁelm?ﬁ‘énb&a?ﬁ Sforming
vices are not in ommi-directional

Comgnnlfnécﬁh%n ?‘%ﬁa‘é?a‘ﬁ"ﬁqﬁﬁdl tion, by sw tching the antennae

to the required beamform angl e, any potenti al

ot TR g bAMRRGssl E5tsa b ot i platontad fiom nterering
withspediuml aceass dintd reseevade e rdietiional beamdctmisg MY partitioning the
meo?.l I&étsg{}gbje Q%ﬁrﬁg Eﬂr?g?gs 8 nﬁgno&io é\lé)ga’%g ﬁgr each device to

rese!'\feafﬁé ReBRIUBGatingyushg @r@tx@mi éelarﬁmlrmmgﬂmacﬂc&honn gt lehstha period
of nféﬁldlhﬂﬁﬁc@§§ 85e f&‘ Wnlro‘ﬁ’%&fo\‘ﬁptré‘nghlsglo%gﬁu m?/%knce is partitioned so

eamriormn artitionin acces
that @&&?Vtcﬁ%uswgre F'Le"". @ﬁt%nnapéasxmrurdmlpw ra¢deoduringdthfsareriod, the

devieas Bredge a8 refeiVe HiROMIhG RiseBIIBH Rl réQeHslf ﬂ% dewces have
dlre(%tlona bea formng. In addition, at |eas

ongoliag jYgCtsnalbaamy %@%é@seﬂqff@"? & thentesatyationt PQH?QI This may
redute ddestesivafmessy ABBYaglBiirgQligrimdhRbt ickdrétatifetions 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 measure 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

omi -directional node during this period, the devices
W@e@7aki487 t 0 recei ve inconming reservation requBGST/SGENBN0038

if the devices have ongoing directional beamformnm ng

reservations in the reservation period. This may

reduce "device deafness”. Also, as the re-alignment of

reference directions is performed during reservation,

Vi C conserve operating power since directiona
at ?ﬁ?rﬁpﬁiﬁ% '§yﬁihrso9ﬁ?%afheo ﬁa'swagam fl ¥ging rthe s21kytmodel has
limitations iarddcyraeg! A Explhife@ddingiaPbxafipld Sfowr il KGN 8.
angl e and signal power of the received packets are

used in calculations and direction determ nati on,
r amg Eigore BodaticeoB 808li¢ hfcétéd%bo&@dhéfﬁ@ﬁﬁr@allﬁpéhéﬁw Sfdevice

A S0 CRleaidl St GrICT 0 TP LeEHaS" RohAARF  bpRsjdercd, device

B’s desitioewil( be mlstal&ert hoebsai B't&06 il the Gofleartaleplamsl Xay of device A

t.ant
cor SRR\l B4R o oo Bl AR ALY pere. 1
this ¢gape,cordy tthe ezlghtth |ang[é- & epafedevideeB mBQMitratés@@c’Ofo devnce A
tati cc
804?% b@%l(ﬁ%{é‘% éVé‘llRu gill?% g|l1 ﬁaoi )?!’?%S |ona gg% f(%rnrge%cstﬁ 88% :IS rpe;plected.
Con%@m@y&he@emmeeusﬁo@ﬁon B aomata?«éneihoa' anré&tﬁnhmntém’ftt l@ésed

4 te
confySy ot e AN BIPLLRls S S B g cmuee
probieses fqr@ﬁ;tanhsmmgeelwb@t @Q(Unumoattmn laatwaan 80804 and Be05 in a 3-D
starJ?&Fdl m ane X-Y of device A 804, which is a

verti cal projection of B 805 down (-Z direction) on
the X-Y plane. In this case, only the azinuth angle q

SOﬁeféfmr@eN)' Ei ur@ @OaSSﬁéﬁ HE)OFOS? F?ﬁﬁl&or& th Qﬁ‘é‘lt@ﬁgfg‘ggﬁib&ﬁment is
nsi der ed e the an of el evation
“seddg%/ 'h‘é" B“%‘os"ﬁ EigHeg?: e‘éQV@G Md?ﬁs'édb%masyar deNiseeafrtbe detreork.

Sourpesdevicens Rio284Hu Uéstlhéfkﬁﬂdé\ﬁée B god %Fé b%iat&fqmﬂ riﬁn master
r the device A 804 accord

oo SIS Ak . Bt A5 B o ol e
3-D esfrdibhtes hiithgespaict ahiselfmomuwm@k I Qfd;h ké%ttM@ 8Rglés 8R4 d%ﬂaﬁlices

The Eaﬁgsﬁaﬁ 800%:%%6:3?&,?\6 88$ %&;P ﬂé eH":S.I]V? g&% A nr%p{e\§§nted by
904, @Qﬁmd@ﬁtresfmcumd Aban lnitiaUSttag@,tth@ threé Eeﬁb@lﬂ(ﬂ 902, 903 are
' et wo
not o%’?@@s%iée \%Q(J;Ag}ege %B:‘Qn‘lgﬂ%ﬁc%{lo Iﬁ%l(bé dw%ct éagele %I'Eerwﬁosgncgrtgey do
not haye Hsi infordatigntaach hibertasspectite wositor IO Gtk redworkng t he
networ k. Each device in the network neasures fell ow

devi ces'
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, 1003 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, 902,
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 di stances. The Cartesian
weomrdinstes (X, Y and Z) of the master devi cePp®A/SGH07/000038

are represented by 904, 905 and 906 respectively. At

an initial stage, the three devices 901 , 902, 903 are

not synchroni sed for wirel ess comuni cation- using

directi onal antennas since2hey do not have the

rmati on each, o respective positions in th

Thoy B Rot<R UG R R 4054 Rthed e somGaien by devges 891, 502,
903t NEhenmédiom kaceduaviime in thé G 11)()9r |s @ﬂ@ﬂa@ﬂ W@rﬁﬁ&e\ﬁdéﬂﬁﬁ ekMisive
cont LETTEU 3 hon betvveeg .he de 9t01 \/\,ﬁ 903 i's

ot LAy SR B g regianal or Sirectonal eah ¥k éechgique)
withpnt dfiygontentdh. t he nmedi um access time of the nmaster

device 901 is partitioned into super-franes 1001. Each

superfranme is further partitioned into a Beacon Peri od

( BHY, comraninate WitPaleviod [ G118, demide & BRZ aeedst foaesées iaoblock of

T —
W'thd@\YICééD 983 B@baﬁ@wgverb@@/mﬁ Pp2and DLSINde aot know 3-D reference
coo@iméte'sdtbfr eethans dé\ﬂ@"ﬁ/ﬂb% g& lgaggh%q RRerhbich gﬁc&qg% L% not

sed all devices e network
SY“QUE\E?H'SG& F &t plgae 'ntqﬂa?f é'Yﬁf‘éss |3d?1 r%reamqomhnqia% R6tYs Zdpf device

S oGRhRl PagUsedrs ndhaigHed it tRE FRSRr LbWBe M HBEX 419005 & 906
COW?H_@ ect to contention by all devices 901, 902, 903.

HEBTRAT40cess time in the RP 1004 is all ocated by
any device for exclusive conmunication (either using

omi -di rectional i rectianal be form ng,

© oLl TS gons R PeifnS i ST T CeiRne dbe raferance
coordimates ©f Ba@ORvicdenithaefefeng@®® Figadsiit o reserve a bl ock of |

medi um access tinme 1005 in the RP 1004 for directional

beam f orm ng communi cation with device D 903 first.

Hovgy eir101 dethieczibutl Gigienst O3 B@0BRkek MOM dovide A 804 and

reference coordi nates of the master device M 901 prior

t othetp@impibsanoleais wrastired enth¥yplame imetcosptechiockvwise diradtion

t hhgostzag@: I n other words, 3-D reference coordinates

(X, Y1 %} of device S 902 and D 903 are not ali gned

Zni 100 4t HO2rin Yreeeleidion @agiMiondhit X<Y9lehe of BPe EZ8086een from

coqr di nat es respectlvel y. For illustration, sone

nof&fseh894ra8di nt r oduced for determining the reference

313 2 2 di1A83 eSthelunRafRciWdetor Woh'd&WideSA B84 GolSrafthd WrEction of
aevice B 805. |

0, and 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 u, , 1103 is calculated based on measured & , and a, , according to

equation 11.
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1. QBA 1101 is the azinmuth angle of a device B 805

seen fromdevice A 804 and the azimuth angle is
wore@3neyse’ on X-Y plane in a counter-clockw se PCT/BG2000M00038

about Z-axis; 2. a B 1102 is the elevation angle from

the X-Y plane of device B 805 seen from device A 804;

and 3. uB 1103 is the unit direction vector from

devi ce A 804 toward the diraction of device B 805. QBA

erm ned by using known
s@wﬁwabos BA rival (DOA) algorithmto detect the

u e;gy%h ?e ation angle of an incom ng packet. lﬂﬁ
B4n N%ctl A4¢ect or uBA 1103 is cal cul ated based
SUfé’GCQBn/-\ and a B A according to equation 11. The
reservatl on procedure for nmedium access tinme is

explained with reference to Figure 12. In Figure 12,
t hrTée resunadtion lprocedtireGed méditia SicéRp f’nﬁféﬂ@bxﬂﬁﬁéd?ﬂ/ﬁh eference to

1201 D 1203, of e
Fioip 32, MBS dieh rleh vorical Tiksopreshaeyist § 1392, M 1201
andgarnaod ef Fighad® dpdved st cadistacke fameacie bt:jﬁ? glgtétﬁﬁk 6f honzontally
3 eri
pariS - ileaDEhS WachdR gorfh RGN Boiarit) Bripd 0w dsmerved
Pe”Q@‘d@@% q bWOpaxetlod 11662 ngquentallydivhigh toorreéyens cth enaaliwh access
. t ive
timel pHlGrkD aghling RITHE SERNE BUTIERE 5 1R LTRATEbY Steps
betwgenHesrgstiyesdeyioes 8hRA2, Mo901candzD g%ar@tled:caiahbymswsawuth labels

attadfit bl datd pSIRR thRdhision!t Ne medi um tine reservation
procedure is executed by sending a notification to

mast er device M 901 by device S 902 that device S 902
W TReSirdtGstee 9 eq ‘N Bf Hﬁdméﬁﬁcﬁﬁé%éér\%oh "br&c@@ux% s]é;@éutte@ by
ate wth device directional
sendiahAPUEAITY S mentsr vics M ST by 45vicis PP fhaklorisas Haqishes
to rebbtvehnécsurk aov¥ss dmelh HRCRP QD to%ﬁﬁﬁmédt@wnuﬁ?agw%b 903 using

t t s Req) is
d"e%“ %'s‘?r%%ﬁ 855‘%?"8' NPshS eBé?ﬁé 'So??ﬁ?"e&. gt 3%@%??% i &BpwR as
Direttionah 8e@Rvai@B3Redesbr dihisghytificatust sackee yatetied/ a@ollres ' Req) is

tranlgtﬂﬁtéa > NP%} %I?ﬁ? oqrﬁ*ﬁ d%c%o Q%ﬁg§%§é53? ttheI {35 ‘Lq%g VQ gcglfgly,

can s reserva
mastes @W'&ﬂt'\é&mtdﬂmeﬁa@ﬂ@n@edaowdw:@wdures to decide whether it 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 accepts or rejects the reservation
intention. 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 master 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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notifies the intended target device D 903 of the
reservation request using omni directional
W e@nazd48%si on in the CP 1003 by forwardi ng t heP@©ReG2082000038
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
usi ng orml -di recti onal tranBtm ssion in CP 1003,
n it acce or rejects
accpliet B o Bl ghe SRR oy Relbriveo o Fiidtse . sandies and
veot@s #ra¥ a¢édotn basietdn@inet iy ﬂneaﬁsmerm&ewgﬁemr ng a
i rectional Lnformation Request' &SDI nfo_Req) packet
bt ERGIer et 8P BEVRE0R MIB s SQUFS TRMiRrehH P02t he

réz"a ey oot BBV G Dot n AE0VEE 181000 Shi D
Th t M. 901 h ~
S dp el <G op e e et M) oiies Paven 208n
di d
A AR R L e FOT R By Bopd d&wg? ey
%e%&h%niéaaﬁorﬁ%%ﬁ\%&& lpgf ﬂ’ﬁt;ﬁz{r{g R&khi %R% ®D 903 and M
are: 1. t and ele

devi ce M 90 angl e vation

angqoé residng; éﬂd sour ce deV| ce S 902; 2. Azinuth angle QD
¥ ahi&l evald af7 aPsH %2 e devi ce D 903; 3.

Unit di re)c!:b?{on vect or ?O fgrom evice M 901 towards

device S 902; 4. Unit direction vector {uD M) from

devAGRutN dn 9!@!@%‘33 Ul SParl \A%O(;;f  dedice @56%5@%?%(%0@%%alculgted

vector n o | ane 1 n | devi ce
by ydinga kpoygy [xes: algerig I vilh 5 @RPECRISSY 72, PerwBTsidied imiihe art that

therd I MidrouRZdxiBihl DiRelis orRdval ®oRY)i( ans&ﬂ&kn?ecs &iled Angle of

dev S 902 and D 903 are cal cul at ed using a known
Ao OO PITTIHTS | Dot % afor o @A ' ‘Bsegon of Amval
Estiglaitibh adthi 8 r]gds\% Bigld-Pakt $rhat Ardman WYECRS Sftlml gﬁ%ﬂ&imal C.
c r sonetjnmes calle
Karlgpkdiy PRI g gl AL X ey reeiee n Smar
anteXBTPOIE 2064,"1d. 9SG F8B40f378! Ay 20045S Thé@hit Qiﬂewome@tors T
Novel Single-Port Snart Ant enna’ by Chen Sun and Nenai

andGy,, KareredianatedEidbtAShd obtaimed akinth ARPélbediodiaBgRb using equation
Processi ng, Special issue: Advances in Smart antennas,

11. vie, nozmghlsedr(gom@l) veptor 1364 the3¥ane dunipiiogS. 90Ph® 208, M 901 is

ca!c%afe%chgl%l e cross pr8§uct of direction vectors ug,, and u,, according to

equation 12.

Uu Xu
_ Ugy XUp p (12)

gy X uD,Ml

Angle ZDMS (507) is calculated using dot product of the unit direction vectors

ug, and u,, according to equation 13:

£DMS = cos™ (us,M,uD’M) (13)
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and uD are cal culated fromthe obtained azi nmuth and
el evati on angl es using equation 11. The nornali sed

W@ prired4¥7 vector n , of the plane contai ni ng SPODRG2007/000038
903, M 901 is calculated using the cross product of
direction vectors uSM and ubDM according to equation
12. USMUD(12) US, MU D, M Angle ZDM5 (507) is
cal cul ated using dot produc25 of the unit direction
vectors uSM and uD according to equation 13: ZDMS
cos-1 {u S ,u) (13)To further obtain the angl es ZMsSD-
andTZ Shtver obtain thet argl’ af/Thandi sSPICehOISMid &t vedR dstance

er the di stance DDM between D 903 and

902 .and 0 g
D Yoy Q?oafﬂfg'\/ba% av%{tfsa distaice ¥ diepreessBP03rand M 901
nee%qgﬂe'cglgulé d, Th % e)fpé?sﬁsd B}Q%a{’ 24 are a nunber of

to o ‘way is to have the

mast er devi ce M 901 conpare the received signal

rShrength fromthe packets received fromdevice S 902

R R0 0@3. Let PL and PB denote the power of the  (14)

recei ved packet 1211 and 1213 respectively. Dependi ng

on wireless channel nodel or other specific

i nplherRAtead Nunker oferaysite nbkinpthoralvear R hOneceay isdd have the
mafteV8aviNA §H1Sdoife Héeret:é@ékﬁ Qqﬁﬁacl ' s%ng‘}tﬁ '}ron? fh%sﬁﬁmatjs Si'gge%ed

accordingly. In this enbodi nme
fromp ﬂ@\d@@ﬁt%@rﬁnﬂeﬂ 803.0bst Pparel P} slemte(the pawef pémespemed packet
ower

, d tted
R Ao SN R h b e

implemenketions velbiomghip befwepadieteseioad powerGind dRtance@eetfansfission
f the transmtting and .
e 8 g ol S oot

patls dxpisr mbdeinls( ieslt ame eaeebqiaoeqmopetgaubm aihe Niebdil e paWer P and
recei ving antennas. In order words, the received power

trangimtqeg ROMiRE ' @reyrefaterh aeaordimg fo equatioe 15 odnaree Apfs thhevavelength
g§¥{at|on d (the di stance between two
of Paghs fﬁ@'Od@\YP%e%) andrﬁe &8 Begowengaingetthe ér@n@nm and

rece(?Jln%gthﬁr?as regrg)ectn‘?‘é]gl and aenragge %é";')a‘? !o%t l%tafa'lge the

transm:ttmg and receiving antennas.

ﬂ, 2
F, =P,(47;d) GG, (15)

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

the range separation d (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 =Py (;Ed—) GGy, (16)
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16: {h)Using this information, R, the ratio of DSM
912 over DDM 913 can be expressed as given by equation
wa 2074481 t er nati ve nmethod for cal cul ati ng R i BCT§G2007/000038
conparing transm ssion delay fromtransmssion tine to
reception tinme. In this case the value of R can be
determ ned by cal culating the transm ssion delay for
packet (Dres_Req) fromdevizge S 902 to the master
device M 901, the transm ssion delay for packet
95%? ol.R %% éron1deV|ce D 903 to the master device M
W'érrati o between these the two transm ssi(bi
del a s Sl nce the transm ssion delays are directly
Pr apid itgeahfotratiohd 8 11 e @t drsbances JVB#SD 913 can be
cal cul ation gives a good estimate”bf R t He
expgssacbasigingn lpnegliatien h&ds, t he absol ute vaI ue of DSM 912
and DDM 913 are not requi red whi ch enabl es devices
901, 902, 903 in the network to conmuni cate between
eaph other using directional and omi directiona
R= nas w thout being equipped with ranging devi ce$l8)
flor’cal i brati ng and nmeasuring di stance. As result, the
cost of building the network is brought down.
Referring to Figure 13 again, unit vectors of the
neActiemative mefiioddereenlcuidiing iR i ey ecDinaring tran@nisgign telapvfrom
f t }
anititplog 43 ol bk He- IR R RS L ORR oh B idtipad by
calcplgting dhevirpasmissiam slelay ofoy Dreked dPrsdReg) fromedayicei 8ro0Roto the
masét@edide M 0&1, t@@%sﬁ%@él&mdé%ﬁfo@%ﬁcan ﬁfolﬁe@)r\ﬂ)rgggwég]ﬁ 903

unit vector fromD e cal
to thegPRYRI ARy iy Mal(loang the ratip bgtwrenpthess the tyo epsinissiag deleys.

Smdél tgé ririndissdvht dlayd edre rdifetiySrop 8o ¥ FaRdiHis§ien dthnces, this
tors, the master device 901 proceeds to di ssem nat'e

Ca'cv'ﬁm ghies B 9o esiimate of &ndiniae pbeie-pentipasd methodgohe gheplute

R A e e e T

in tipa aledork Dlontapmueichtel bewede véaehsother tuBRgNataMEbial 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 to M 901], u,,, [from S 902 to M 901] and ugp [from S 902to D

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

- (——Ru )(u ) '
ZMSD = cos™| s L s
cos [I(‘ " I'IMS,DI (19)

(Cuso) M)

Z4SDM = cos-‘[ Cusp)-Ciny) J (20)
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including S 902 and D 903, which operates within CP

1003. Using the D nfo packet received, device S 902
wapprizesa DOA al gorithmto determ ne azi mut h BEMSG2007/000038

el evation angles of M 901 with respect to S 902, which

are QMs and aMS . In a simlar way, device D 903

determ nes azinuth and el evation angles of M901 with

respect to D 903, which are7QW3 and aMl> . Wth these

determ ned azi muth and el evati on angles of M 901 and

their perceived angle fromdevice Ms point of

r eflﬁtf@mﬁlaﬁ@Mgaﬁ_ﬁl 285Me)un REcthFdVIDEgUs 18 I¥42) can be calculated
folldn$S ect device S 902 and D 903 proceed to

§W§£ thelr 3-D coordinates to align with device

Ms 901 coord| nates. For device S 902 to synchronize

its 3-D_coordinates with device Ms 901 coordi nates,
Uspiatpoe 84902 perfornms the fol | owing steps: 1. Setti hgl

new X-axis in direction of ( - Qws , - aMs.) 2.

Rot ati ng new X-axis about Y-axis by ( - a SM) 3.

Rot@[tulrnigg rfeviriguraxis ﬁbo@eteﬂn'midgsthbyat(ove amleM and oectors, the

mas@ér eVi%e@Eﬂ E)% E)I'H'l&% Eﬁﬂiﬁnﬁtnorﬁa&g c%l%tfggto device

axes one t axl s
S 9P%|qn6m!§ %q3m1$1@9 ogrtr@ﬁgeca@n@lbfmr@rrmonus |Thg fdulﬂf etepn1214 is to

broa%ﬁgéteéxrec%onaisehfdnﬂgtlcnﬁ\Ha&e@;@?nfbﬁ 161 s '&é@.e@é é th?%twork

. Rotating new X-axli's about y-ax
incliging § 962 aP@bPé’P?’n‘Qh'%RP%téﬁV@h'a&ﬁﬂooﬁ- aX| s by ( QDM )
to arrive at the synchroni zed Xaxis and 4. Arrang| ng Y
aniJ Z zE\)(es ?\&sed one the set X-axis. After ali
t h&SHIDNERINR Racket rGraivedaderices PP rpplies 90RO nlgesithm to
deteRBihe dzheutd aMd RS atfAlangRR D NPOB WPesHé& t@% \g ich are 0,

previously obtained angle information Z

and RO} MBIn & Sl way, ldevies DI defrifihe Abinflity 51% él@%mngh@es of M
direction fromS 902 to D 903 is opposite to

901 thithaeépean td DBTBPWARR dr® J; 98K a )i, CWlthS’(hés%od&@f%ﬁeﬁj azimuth
turn around n . Consequently, as”the fifth st ep,

and crieMatieorns aﬁgleazbfb‘éaﬁmf andrthedr derbavecbseglua‘tomrdeweq ud'st point of
refer%ﬁ?é(f i J0 tS‘ﬁ é,e)agndl(%;l"?, gr? aD’g rgs(?;yelc vely, d%wce S 802 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 S 902 performs the following steps:

1. Setting new X-axis in direction of (=Oysr —ys)
2. Rotating new X-axis about Y-axis by (—ag ,, )
3. Rotating new X-axis about Z-axis by (— 05, ) to arrive at the synchronized X-

axis; and

4. Arranging Y and Z axes based one the set X-axis.

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

1. Setting new X-axis in direction of (-6, ,, ~a,, ,)
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sixth step, device D 903 accepts the request and sends

a data reservation response packet [Dres_Rsp (accept)]
whamk/1288devi ce S 902 by beam form ng. Both theCt/s&2007/000038

and sixth steps operate within RP 1004 to confirmthe

medi um access tine reservation. For sending D nfo

packet 1214 to S 902 and D 903, as the seventh step

1217, the master device 90bgbroadcasts in its periodic

beacon franme [Beacon (ResAB)] that the medi um access

bl dckRe@Eg hew Kesdsrabedt ¥-axis Uy (-ee} j,onal beam f or m ng

communi cati on between device S 902 and D 903.

Opt3: oRalating nevi X-axissabout gexis b (903 iy airive iat te ssyhahrorized X-

status information. For exanple, the master device 901

i nf or ¥ 8%her devices that the reservation is

curq. enkrbngimeENdhd @ %69 badedtink @ik {2 i@y device S 902

and D 903. After the reservation confirmation is

conpl eted, as the eighth step 1218, either the

t r ddeniatigreng drv3-Decdrafdes with h%vi‘cé.ﬁ aevodesione dadAD03, the

f h r de ice the
dovicgs SDTac0 SR B R Ui e RS ARTSR 6l fegration MD,
LSDMiﬁﬁmnSﬁma) Nettor BHo b@%nnnbﬂnﬁtbél\l/lf‘dgg?hithﬁl ?‘htetdlreé’t%wffcﬁn 8 902
evil ce a

i.nforng th ster
to l??gﬁ%ﬂ%aﬁwﬁe it%?%rrﬁ'lr?‘i“ﬂ%gfogh cBSiouP 1992y ¢high s, 180-degree tum
aroudidr @ct i Gﬂaéegﬁesﬁyr VAt tHen fi rmesqmws?m@ ket Q%&ebmefoﬂﬁrﬁtah data
t 1220 evi roce o, perform

resii4iBai PRt PORERTER AR eI RIATOR PO Prothal Gihvetthe
smthms@ipu dedcse Bs80hharkits 1180 vedupist blﬁ(?sélﬁdsr 4idath 3b@ation response
neserva ti.on i r.mat |
pacR IBECRef Tach i HEEE L ' S07Ey PR R hge Soptytne it and
sixttastapsiopeatevathind3ie 0G4 ﬁoamnf mf the n&Idumnac:cmss tisie Ibesso@tion.

frames periodically to notify other slave devices in

the network, if any. If the reservation confirmtion
hadfobeentling Dinée padkel 12t4e $r@82 end fe0% @svh@Sdventt step 1217,

the HiaSRr AARUGHI ﬂgaaéégts M ﬁ@f)é!rﬁ;dﬁc%ab frgrﬁe E? %H ﬁlﬁés‘%@? fiat the
These steps achi eve the process o est a
mediin aSEpSnalrck 1P rh%§e%§’a@édf°b éimtroaa'nb%nﬁsmlrmmnmumcatnon

bet\ﬁéeﬂnééﬁc‘éss Qg2 %@DnﬁiWUﬁtlor%Il? Uihg rﬂxéstéreeé\ﬁéee 85 MY indicate
plication e e ne k shown in Figure 9

furthigb RIS w@orwaﬂqﬂ BE?ree@mp'et bt Easies deKpa QOhmmpIms other devices

that Whe @@ atichasBURdrtIR beRdingledtififfstion bt devics 3 8I2ard T8 903,
mast er devi ce 1401 and the sl ave devices 1402, 1403.

The first sl ave device 1402 serves as the source
dewiteethendseérhationemofithation i< eomﬁetﬁesa:aﬁhet sightdletdp 218, @fher

the Anfiff ltfléQr B 2 eytarg%t Qe\ﬁgeobdé(ﬁ hforms fthedr(rex\ést%lse devncse the
Phsffigiips 583 6

status of the reservation conf‘ rmatlon 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 access 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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1411 are not synchronised. The transm ssion range of
the ommi -directional range of device S 1402 and D 1403
wae@7nzsesent ed by dash-line circles 1421 andPdB#8@2007/000038

respectively. In the situation represented by Figure
14, device S 1402 and D 1403 are not able to
comrmuni cate to each other using omi-directiona
transnission ‘because they 1402, 1403 are out of each

her' s transn1SS|on ran However, if device S 1402

”"Sﬂﬁ%‘?s@l rtBR (TRl deyéeenM 88?&‘4’!& siam anpRLNcing ethe aregsvation in its

bedcbe flamas? frpese blcpaSbhiesd #id Rhcdds\or ‘é@taghs}ﬁdr%zdnfe%n@rgl Snfefnas
Ios thefd tinati on device D 1403, whic
basF@@ g 16y %Iaéfar'?'mS?'ﬁ'é'%Wtw%d cone 1423

Therefore devi ce D 1403 can receive device S s 1402
on wh ve-nentioned techni que is
YR % BPEHIES ob SPrBaloT sl OF o nSvplcnane o Fioure o
Refelhneg\m Figlrestst, thenarareitioret inarbilel eXteless ddfvhuiitdtion devices available,

nanidtP 1 FAR Bebipe 1981 M BRURERReS PR B0 ARg30R Save
deV@@n‘ﬁﬁQi?s egrves disr thet sanmed demice naral Méoged:crmdt dansamistrvéatss the
desﬁﬁé%i!éﬁgéwcé Ry %ﬁnb@“enng&ffgagé% 8 3&id's’s 3's 1412, D58 1413 and M's

omi -di recti ona ena c [ o
1411 s5¢ nob synchrpsigiet. dEheatrpneoNesion iange qfruee winnétiestioms dange of

deviRBNs - fiopeshd enalby -arBakpPreadiies Ifbgsdéé_PH%e i}: %. 4B apd 1422

connected to_an antenna direc n contro
resgegHvelyy ninthe |Sr[l|l?él05é%$%\tqﬁ %Flgpqee@lt ideviee 6f 140Beand D 1403 are

not gble @@&drﬂ’ﬂ@hlcaﬂé {Codth olﬁ&%sﬁ\@%nﬁﬁhi?&ﬁlbﬂﬂ tr%ﬁ&r‘ﬁ’%? iBn Eg%use they
1402 {@ ti on ant enna_ 1502 and ommi -di recti onal antenna
5

e oul .e?%ﬂthe&mafmw%sm 'BReE- HAvevasdl dexice $ 4402 uses

dlrecttumaElﬁﬁa&dfoﬁ’mlng anfahna) m@ fraﬂdéfﬁf(ﬁﬂi B alith-fstinl thihsi¥sionJop géwce S
di.o uni t 1506. The

T g R BRI .
line caltimel atonen$4230 débeforendetitte O rnagdricag @ealée delice S's 1402

di st at |
ranbR SN Shot Hic R SR Ronel e R SR bl ons 10
determ ne the ratio of the di stances of two
RS NG SRS BE LS AR oo
150t igpieBentieg termethed anth eysiers tdesaribedatAsosimmnbie Figure 15, the

wnre@s"s@%bﬂﬁ@mcﬁﬁtﬁhd@%ea’(sﬁxéo%\w@es FoRestiinki éﬁt@l‘ﬁfadﬁdgntltoq%nsmlt

device 1501 , the distance ratio determ nation
datajpagkets "bﬁ%"i’"&ﬂﬁbﬁhef@rﬁea'ﬁ? an arwkEdirestionnl @etespail AR fcognable the

devitd i 50 1LGanER Bt setkels iktd Q?1€§ Mr&@%t r{ﬁeglﬂﬁv\ﬁﬁ%-dﬂ%monﬁlly Both
antegﬁ:% eﬂ)ﬁ@ﬁj #ogns 4 agri{%&e?igtpt arﬁlq%?e%gg 4d|re%t|§ny 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 unit 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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is further connected to a physical link control unit
1507 which is used to perform nodul ati on/ denodul ati on

w@200ret348as codi ng/ decodi ng of out goi ng and i NEOIBGLH07/000038
dat a packets. Both the DOA determ nation unit 1505 and
the distance ratio determ nation unit 1506 are further
connected to a nmedi um access reservation control unit
1508, which is connected tggthe antenna direction
control unit 1504 via a _physical link control unit

can pg FrovicedesynRas ¥ Px’fﬁmﬁk@g%mnrtdmk%ﬁ%th%'@mcer ip@hdhe distance

ratioQiers@HaSorusled 586 TégRenani t 1509 and the physical 1ink
control unit 1507 al so connects to the nmedi um access
reservation control unit 1508. The data TX/ RX unit

1508e pistaw:@l eioR&IMirRtiPeefit IFUMARSIRGDT GCARNGH YO of
.um acc t he medi um access

roool B UPGAD PN Goite PoTA<R Pl o1 808 SR APFaon 2P RS04

is fughett cdib@Btednid & hphysieali link eatrek ainit e1sev7 WeHidHo i QQétI |’c<9| erform
at ion unit

d i
mociiRicrydrbtubin S VIGF 8 SphRa et o Slodhmmentrtho et
pack@@wE@@ the @ A deteminationawit 4 F0Randihp distaick eatiowsitérmiration unit
[€ ti.o .
1506 S0NGNR ot 4 R ARID R ARk S0, wicn i
conngpigH it theianienpr dijeelionicontrdl wpit ébihtia aghysieal tescoritivbahit 1507.
The ?ﬁ}sﬂ%ﬁj iR @oﬁbﬁﬁhﬁﬁ”ﬁé? tlermeF %blhr)éc?sug RialL¥ Lllﬁ? 1§¢g?/ 'aﬁ% the

encoded on a data storage medi um suc

Physitghisikycaptipl il 1397 alsoRenfelal de dhe( Mediumtansegs reservation control
unit 1 50801 PR aét@dTX/RXtJiﬁ 130‘9' &@wée%oﬂeer-to-[la@erd@a?§ elg %gen@}clﬂgﬁge

t di stri
oo SRR, T 2e0 P et S ot e o gonroler
unit tBO3L CBotR Xhes HatM THRX uaMBoglbh@ &He rﬂ@éﬁhmr&ggﬁsre@%wgﬁgmcontml
onit R e Ao 67 4 PRI BEO- M BP B e @les! he wireless
commerseatioatdedine fl 501 a:lemxudsut@caby amapplichtion ldﬁsﬁwabhﬁ&bted to both
B L D A
transmi ssion to i nforma common nei ghbour devi ce
i co
E]'é/il\r?a %ﬁ?ﬁ%‘?érog% ﬁtﬁ 1H¥>leﬁ4\ﬁg¥§% ﬂ%hclle%%)lb? %H} dg%rpc{1 systam is
typica'é'swnwa?qi éhthgedavice i enfioded Dh(mdﬂatla}storﬁh@ meketiurn sath as a
flash3Bathé61§ daffR AR 2EOMMbARe m&ﬁ})%ﬁﬁpgﬁé"teﬁﬁ\fﬁé ﬂewce 1501.

omi -directionally,indicating wie it acc
rej ect such reservation. Through these

0 mme-didsbﬁifédl 1B8Abd BAG lsdtsman s apﬁlﬁ@ t6 ANARALHIEY, | £hoc
| c L ?(stherelatlve direction of the source
networie(l L![ 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 neighbour device
then forwards this information to the destination device omni-directionally. The
destination device responses to the common neighbour device ompni-directionally,
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and destination fromitself. Wth the relative
direction of the source and destinati on devices, the
w@ovmneB48evi ce then cal cul ate a plane (and t heP@i/aGE0%000038
normal vector) in 3- D space in which all these 3
devices lie. Next, the common device cal cul ates the
relative direction of destination device fromthe

source device and vice vers#t on this commn 3-D pl ane.
i nf ormati on

he di
b5 aahen Eecipet SiBieeb fudgsutiPhe HrvdidBesarpmpairectona
pacﬂebslexehéngem thk &soammrdevivgi @dﬁfnﬂm&s theVreR@vd alrébﬁbn of the source
andr Sgs t?or? Eg@ ne\)xﬁh Irfigef g rs:g o f? ﬁ] rcreagrgde destmatlon

n
S
devmls |tbe aDnntms delins tremdsaldutate &planp (andtthe plaat’s tmomﬁaltvgdor) in 3-
cf, a tination,i.s u
> 821 SAOIELE TVSTUECH, 2S5 A Bl v
relaflye dis@gtiontas sleslination clavice Ifr@trethlermuaiel dayicghi arectic®mersa on this
conﬂrﬁ‘(grpﬁrﬁltdla‘?\@ aNgtenﬂ’mgfrg{ cHEQLR Gk Mé%tl&omﬂ]a%r?ntﬁe absolute
t he source an estination deV| ce usi
d'SfB'P%da%ﬁotﬁﬁ%ﬁ@i desupaﬁhonrc&r@e\frongthmerrmosrmhbaure@bvuce is not
reqiiifdddo k0B ol RIBJtH %eﬁ@rmﬁy RAaYL oF Pogﬁgmmﬁgéﬂr%ﬁerﬁr}glatmg to

destination deV|cefprocee to Use the recelve
distange frapations- dnsigad.fRepxampleihg rato ghihe zecaisddiomer &gmisgurce
andlarstigios @ egs t he comon device. During an initia
period (i.e., omi-directional period) of the reserved
medi um access tine, the source and destinati on device

al |Aq0mtth&3er calculetidrisp niad oﬁﬁhﬁ;ﬁnaéigﬁbb@ardbvﬁacmsﬁlﬂ]ﬁétes these
ction t| on and

calcBireile A ScHER yRtited sbERiyria xeorithe soREOn pledp both
the diopeet anhadkstination fdevice ngirdgos wroaddasimpagket.neUpon receiving the

dnss'é%ﬁ%'ié’c?ﬁt)o?ﬂﬁtlmonq ?ﬁé E&%'og '&e\?;c‘?é’ Iﬁ%@ éogﬁ Can(gagﬁk%%ngtl?oqewce

response packe
procgle éo Hoe thﬁeegentddenf@enatnqnahgmtheﬁéw (Xe)( andf Deosdihites to be the

sanféoe@mé‘ cHRmBABBYE.. dlgﬁ{rllﬁ;ggc} VYE%LI:}%BO% (8., Lhneh¥aibe {' penoqz of the

confirmation IS succe usi I'ng contr
resefck MM aficeet et Ispurcpape wigsiingtion dehee ammuhe:r dfrectional

antdri8s toefd ¥adH QRer Jsiig thE H?gpéimﬂzﬁbg tEﬂ?&’(ﬁi’bn RSB0l BN the sgurce

continue to announce peri odi cal resence o

devigg #feneed de send g .q?ﬁtr?'é%a@k%tsmerﬂ'r@ﬁt@@bbemm feg cmf@mmg

the pEsevatier e d&ERANIOAdeAte rédpoh&s ByESRIINAHaRR al rEsponse packet.
esti nation device

our.ce and
The i g‘m}rﬁ% ?%eé{lcg éh r ?'f?é”"’lt'l\fglyr tee g?ﬁé‘ﬂaﬁ‘ﬂé‘d IEHERIc fms; fhee common
neighbourglesicdiwhether theakesa@matdr@ninndien s Juacdssig or stUIIngRentrol

packet sent omni-directionally. Depending on the result of the reservation, the common

" neighbour device may continue to announce periodically 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 during 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.
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announcenent of the reservation by the common
nei ghbour device, other devices in the vicinity may

whewmones4sivar e of the reservati on and hence r edeCBSG2007/000038

"devi ce deafness" situation.Figure 16 is a flowhart
1600 illustrating a nethod for wirel ess directional
beam form ng transm ssion between a first device and a
second device. At step 1602 one or nore

omi -directional transn ssions between the firs

devewe i 3 HayeharigtRaQ Buptsatingng destbed foi wg@'@ﬁs digegtional

bean®f& i ffﬁh@m@%h lﬁlétW@éhldJHﬁEt del/RBSAA & Aeond IsYREN At Reep
second device a t he t{u rd devi CflfPel s conducted. At

16025 108F Argimgre gMmnks F?%‘H&P' ARSPIRSIONS Repengiheciet devee and a

third lieqiae fi g@gmdn@tetdr amsmpsmcmn %nb@?‘ﬂ&:@g ohingdireétidhaPiighsmissions
evl ¢gce I, et.erm ased .on tne

betwg ST NG, $52001 Taricn P . DG, A8VEH,dS rhanflicters At rstep 1606,

directiomal émforraaticanige mirattionah bbami fnphnegﬁwainerﬂnssrone betwedre e first

and %e%%bgngp%zgg d%?&méc# l?fgce!dyonsttﬂg Hl- ir t%gﬁ,ﬁm%s(m%%l%rgﬁ,a gm

emsn as softwar e, suc
bei ng executed wi thin the wirel ess deV| ce 1700, and

nﬁfg M%mgagoftths 'nreﬁ @5@0@799 .rhae&%nfé%n ta*w.reuess

W TIeless I ses proce
devigep A0 salwmatically shqwn lrﬁjuuneé 7s utmauéaeampwmﬂedla@aofama;re

such 3&% 8 lébﬁ'%hté?wéﬂ;x%n? H&Ih? Ziﬁ@@ut@d SRRy tHE7\9i§ele§_§‘ @eﬁ&% ? ggé,oénd

nodul e IS connec a W reless networ
instrygting hesyyirelgss @e\t'?%ﬁé%twdaet\ﬁh%@eim, to enabl e
W rel ess conmuni cati on and/ or access to e.g. the
t her etvvork systens such as Local Area

| ernet or S
m@'ﬁhﬁowe'(eei\ eviagy 1 €9 %geméﬁé%ﬁapmﬁ%%or NEPHe k! ORPAR) input

modulé s\élas Aikeapddet 7o &nd MMblitpulledtie Gt 596 digpiay €706702
in the exanple includes a processor 1712, a Random

Access Menory (RAM 1714 and a Read Only Menory ( ROV
17 per&sqmrmMB@ﬂ?ﬁ@thbmrieZ&?j ol 8 wilelessutRworkk 1THOBDES a

su1ta8|§a tlla“gtlflél(le(?‘gf%%% “7’1 tO %%%&'RIQH@C%?% ??14/% I 3CeRES to
e.g. mmtetroet loe dtlwpaetwbﬁo4syst§hs sunhpesdiocal Afea Metwork (LAN),
WirelREQBERSALI A@QN@&&%@M@LW@@ &@E‘N@MS&R@VA’N g an

I nt erconnect ed manner known to t he
person skilled in the rel evant

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 I/O interface 1718 to the display 17086, 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
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
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art. The application programis typically supplied to

the user of the wreless device 1700 encoded on a data
w@e@ragishedi um such as a flash nenory nodul e PCTRGDNY000038

card/stick and read utilising a correspondi ng nenory

reader-writer of a data storage device 1724. The

application programis read and controlled inits

execution by the processor 3712. Internedi ate storage

of pro daf a .he acconplished using RAM 1714. In
mePRn S FR AT et AGOUg RN RGORAfRgRer-writer of a data
storapeideeite dim24r gbé epplg:‘atidrgp'ror?@ﬁam wtéa@rkmiﬁ cOMtrBNEtRR it’dsrb@cution

S ressed .and .t he networ i mproved its

by Q8 PRt b 2 s BT RPBR pthigSaies B AnAE R AT plshed
usingoRAM 4. rel ative directions of transmtter and

recei ver devices are determ ned without the need to

equi p any external equiprment to the devices for

pr dvithi dgsasibed mettiagisrandi systentay thé earmer lanitation Eestidrardf omni-
direbngi > i . IL.SLNg IS, . .

M@j%ﬁ% Rtk S ROFLSLOP AT LRRTHIR Rt ety by spatel

re-ug@ P P islingegirgstional heanyfasaingp rTatde sm delativasiinetionb £ brabsitter

dIr8RIRS devi td i ' in Wil | :
el 90888 i PRSI RIRIR I HEEES, ehb i e caupmon

appreci ated by a per ]
to t%ﬁé&ceﬁgwm% Bisk inderaradien-nbtheraenei omeonsiant rangingdlecating
or coordinatsiiyRsIRBhising V€ RbtRBadSandMteb Tt HENSRBA dd fot need to
h Vermodl nﬂts W tﬂgut de(gartl ng fromthe spirit or scope
avefthg [Py de i5Hbrate BRd Aefasuide asoluie dangese o fasaligns of peer
devieehodi nents are, therefore, to be considered in all
respects to be illustrative and not restrictive. The

di gcl. r f .Si ngapor e Pat ent icatjon :
o R, B bR RRS okt sleg R bo et thah pumesays yegations
and/@pmdfﬁpatmniso?ay te amadegle thedpredesit freehtidrsas BROWHD @i meeﬁbegiﬂc
o] in i,ts tfirety. M5 1. A netho
emEBEEh M ERERAE il e s BY Sibs b bcnyento e boGay
desgibpdele Rresent smbgdirents amdtharefare otocbedenrisidieredt ihall resgeotd to

be ilkQFRIvE 2hABoGREHEGL Ng one or nore omi -directional
transm ssions between the first device and a third

devi ce;
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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conducting one or nore omi-directional transm ssions

bet ween the second device and the third device; and
waledenm4gi ng directional information for direcP¢Dsa007/000038

beam form ng transm ssions between the first and

second devi ces based on the omi-directional

transm ssions. 2. The nethod as clained in claiml1,

wherein the determ ning of agyhe directional infornation

rises determning, at the third device, a first

CL’S‘M?écti on of arrival (DOA) of the omi-directional

transm ssion fromthe first device with respe(r:]t to ﬁ ;

reference direction. of the third device. 3. The netho
1. as A MEHAGET WIgPss HiraCioRAbheaTTRiNG pasWHPR PegFeqma first
deviterandta mahdidef/ioe,rtaéingmh@pw?msﬁ‘sg det _eu(r]I ni ni |tn_g, alt t he

thir ice, a_second DOA of. the omidi.rectiona

{1 R s BoReRo CwBeareFabal EPAM RO dsBtieen gha, frs
devicefapdertbied deviegt i on of the third device. 4. The nethod

5 BTG drld ¢\ ALM Gt LB iR e BTl i SerDing fécond

di rection ntormatron conpr

deviceresg thirthirdedeviget ad d DOA of the omi directi onal

U7 QBRSPS mbhde tixﬁﬁfnq?t%%v' cf@ W cgigc{igﬁagec‘begl%—f%rming
reference direction of the Tirst device, and an™
trangmyisgions hetwpemthentist apdspeend deMcasdasedrarethdi erookditantional
tran8issfoasf i rst and third devices based on the first DOA
and the third DOA. 5. The nmethod as clained in claim
3, wherein the determ ning of the directiona

2. i nfrae medthed a€ emMithed @FcldPt 8 WhaleliDthe detdrfhiR§ 0P directional
devi ce di.rectiona

. f DOA of the ommj o k
infofiiaioB soudhriseor TR Al e GO Sevice.t  Tre ieastion of aival
(DOAfot ities omntlidirectionan traifsrhigsios s thed Gkt GRvicaNtH Fespect to a

L,ar .di spl.ac ng between the reference directions
refeﬁe}%%%ﬁ@e%tgeo éheaﬁ"ﬁ%t%vpa' devi ces based on the second

DOA and t he on_urth DOA. 6. T_he_ nmet hod as c! ai msgl in
3. FL?i\mﬂethéf@Sé giaﬂné@fﬁ ggﬁe‘r{eﬁ mvﬂér%ﬁwgt’gcfa ac{e?%ﬁlcgj%ié%e ?)f g's%ncﬁrlectional

ormati on” conpri ses er m ni
inforgraion eomrises datesmisiing, lat D@Athidadevidee afsecend DQA e thendmni-

dire&%%é%sﬁﬁﬁ&?ﬁ&ﬁﬁe{hé! s@é%rgdq%\ﬁéer N f;':?%gglzt 8 %ﬁ%&“@ difkction

transm ssi ons between ft I TSt "and secon I'CES
of thg;third dMssact to the reference direction of the

4. The method 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 to 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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third device. 7. The nethod as clained in claim®6,
wherein the determning of fifth and sixth DOAs
wW@owpn2yes determning a ratio of a di stance beCTe€07/000038
the first device and the third device to a distance
bet ween the second device and the third device. 8. The
method as clained in claim7, wherein the ratio is
det erm ned based on the trassm ssion power of the
omi -directional transm ssions received at the third
device. 9. The nethod as clained in claim7, wherein
6. t helheaneihod saiscediswetiimethira as athefdin tﬂeatﬂ@mrﬁﬁingrbf ged ai)‘éctlonal

et o S AREB o BRI S e Bba e e
flrsfcaj‘mkﬁecpndgiedstaerréﬂpeicﬁmgalﬁoﬂﬂn@mcﬁm&dl bdaefotrhing atansmissions
behh@érpfﬂéaﬁrbpgné 9% #%%eﬁ)u{ﬁ%g\k* Ope%{)egtetgr{@f orfm Bangg\;lilrgggon of the

transm ssi ons Irs
thirdhgevder.on t he omi -di recti onal transmi ssions. 11. The
met hod as clained in claim210, wherein the determ ning
of the 3- dinmensional directional information
7. corfpeinethod @s«igimer g claim & médersin thi deteiroipingeofffifihsand sixth

DOAZ icbtphads @’été#ﬁhin na Pdctloaéfrd ¥ an(:@@é)w%’?ldthé f?crétrd%t\nce and the

|,evatj onal he omi directional transm
thirf §Giica foch SI1aEEe BRVIER TP SReanelsuice a6 the g Gaviess onal
reference space of the third device. 12. The nmethod as
cI 'ms erein the determnning of the
8. gi bEehar a?r’ff%’?‘ﬁgfns g dmyheEais thecialie is Aetegminge baged on
the Itdansrdlsd@w gever ofsthe anthiakebivnadliraPsMisaidts de SR gt the third
d Eevatl onal DOA of the omi-directional transn ssion
evﬁromthe second device with respect to a 3-di nensi onal
reference space of the third device.13. The nethod as

G816 eidy b ot UG R b ARl spenon

transr@@s@m deleys - Beremsi-dinastionaf Gammnesmlpmcrec@ﬁed fa¢ the third
devichi rd device fromthe third device towards the first

de'vi ce based on the first azimuthal and el evati onal

DOAs. 14. The nethod as clained in claim 12, further

10. COTRE ifiétBd & claltfed H ChiHEN | &inprising 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 claim 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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determining a unit direction vector with respect to a
3-di nensional reference space of the third device from
wo b@7tikd48d devi ce towards the second devi ce baBerSG107/000038
the second azi mut hal and el evational DOAs.. 15. The
method as clained in claim10, further conprising
determning, at the third device, a normalised nornal
vector with respect to a 3-3di nensi onal reference space
of the third device of a plane in which the first,
second, and third devices reside. 16. The nethod as
13.cl Jl"ﬁgdetmdcasatblﬂmw inf elaitrhét, fClﬂh@f C(S’h}ﬂ@;nﬁb?t&@ﬁm mlfdﬂdewce

al es_of
o it oL oY Skl Eetaf U Foepi s ¢ S st space
of the thirphdevieet fiod the thirdidevde rtwwardsalthm m@t deties ®ased bR the first

'azm‘iﬂﬁhﬁlréﬁhrélé\%deﬁaltﬂ@AQngl es conprises determning a

rati o of Istance fromthe third device to the first
device to a distance of the third device to the second

14. deWh@Qneﬂagd agr@alﬂﬁhhﬁdclﬁﬁl %) Zhon t% tls |,g"":—:&’ﬁ’le %rgewce

ratio.is deterni ned basé ramsm ssi
det%\wé?g Bruntiireghion vestpewith serpect toam Srdinensional rrefeeamcecspace

of tied tHitdeddvide fi‘orﬁefthﬁlrcﬁ [qR0E NewhriE StlFle %@go&eeém?e ﬂSé’éq‘;‘Bﬁ the

. ect The nmethod as clained In c
Sec%fg%ém#htaﬁ@}/q%f?}’?f'q“?' BEASr mi ned based on transmi ssion

del ays of the omi-directional transni ssions received
ird

o 2t B A R et o

thirdf devidesa nmmpllsexid ngrmatvet:fmle withrregpesut do &@Glﬂﬁbr@f&h’ap R¥erence
ana e ,

oo PR A T ALy, 8255, e e

residehe first and second devices respectively. 21. The
met hod as clained in claim?20, wherein the first
device aligns the 3- dinensional reference spaces
6. padbe Weﬁth@ngé\qulalgpdamqimmhzaﬂi fariveretamprisingndéteBAlANg, at the

thlrdfc%ﬁ‘d%V&‘ibléé &4 frﬁbenqedjtﬁﬂh%%st oh8! 4% tﬁﬁﬁ FuGBAL in said

lan el evati ona e ommi -directiona
pia Fransn1SS|on fromthe third deV|ce with respect to the
3-di mensi onal reference space of the first device.

17.  The method as claimed in claim 16, 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 devices respectively.
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22. The nethod as clainmed in claim20, wherein the
second device aligns the 3- dinensional reference
waepacas34sased on the second azi nut hal and el evB€T/6GZ07/000038

DOAs received fromthe third device, and fourth

azi nut hal and el evati onal DOAs of the omi-directiona
transm ssion fromthe third device with respect to the
3-di nensi onal reference spaze of the second device.

23 The t,hod as clained in_claim1, wherein the
0. ¢ 7be rag{fn%geas ia;?émg‘é nﬁa'aboﬁcé”% GomPrisHigr @t dbe frat and
seccnfrmbd!ewmm”ahgrmm e 3idinfghsidivat haa@redc@ Q;S&'Gé%fctgé ;trﬂf&ﬁdewce with
tj one or

d
SRS SelR Poerasiane S BAG SpdPT St TwPeel and
for di recti onal beam f or m ng transm ssion or

m?hq_ étﬁ% Lr&e%afﬂsé% Pﬁn lg%xﬂag%eg "FE rdfaﬂg? ahgns the 3-

as ¢l & med’
d.mammmal ﬁfﬁ@nbe cpdces basef anrtbelifish zzimethsl and elfevatior DOAs

receRRH! P8R8 ahiE Gl/RE, gh{i ecmrzlfi WRbuthG dgﬁsd‘e g%?atrﬂ%gl”%%s of the

transm ssions bet we rst an
omnjglif ?ﬁt'ﬁ"@'ﬁéa@m emithe thig devive withdiespectde éws3-timensinnal

refer@iBé sPhdLSHithOmRdt gbligdsm ssion. 25. The nethod as
claimed in claim1, further conprising transmtting a

request for di rectl onal beamform ng transm ssion

22. I €Higs mthasf &lamhéchrh didir o, dﬁ\er&ﬁ th® sk osmdalf&% 1t 3-

% h the third device, ereln
d'mewseaaﬁﬁe ﬁ"’é“‘{-er Paser By thergacond paigutih and elevational DOAs

recelvearfmmn tise tird2Gevidd) %ﬁmf&uﬂﬁ @ Gthal Qﬁﬂelé@aﬁérﬁﬂ BERs of the
e second devi ce

o AR St P s e oo

refemn@flspa®mfd|msmd\d@nlcen to the third device using the
omi -directional transm ssions. 27. A wreless
communi cati on device conprising: a transmtter for

23. t rEhesmiethodras aaimedrin nlaine 1powhereit theditstavice, the second device

and Uh@NGIFHS§LAES d harc}o}nmlﬁ{ JI}F% d?\h’A(,C %c%q trc%%emﬁ/rﬁcatlons

for receiving direction et i on
whergii 2 riRsiin eeceRsViinge i mﬁlmrreéicfpr omal- dlmﬁhméldransngssmns in a

first ?)bﬁfbﬁméﬁf Wdﬁ'@c’tﬁ)ngﬁ%ﬁa‘aﬁﬁg dﬁé{ﬁ SSI dor? o n?&?é&%nal

eneratln addi ti ona |ret|ona or ma
tran So'ﬂ atq»?Qon 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 transmission.

25. The method as claimed in claim 1, further compﬁsing 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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recei ved directional information, wherein the
transmtter conducts directional beamformng

WO e@napd48%i on to the destinati on device based POTI/BGH07/000038
directional information received fromthe internedi ate
device and the additional directional information. 28.
A W rel ess comuni cation device conprising: a receiver
for receiving one or nore @8ni-directiona

2 BN S B85S A S5 W, e
sec@hi dediceear i bothl cbnﬁmsmg stheoﬂEB%cttmntahe)e%ﬁufoﬁﬂlfr@ewaﬁﬁmssnon
, . processaor .for
o S B ROl

beam form ng transm ssions between the source and the

dest g;ﬂ o) i -di rectional
27. rzl‘ndg';nré}égsél)%br@% }Gé‘cegtl“gﬁé ﬁ'ﬁﬁ}%m iver, wherein the
t r @nl&arismitier for deoainitiing hee dir mewei emaitdifecfionatdtanemissions to

an ,ﬁtgﬁnw%%\,&gd t he destination devices using one or
nmore onni -di rectl onal transmi ssions. 29. A data _
st GregRVeReior BRTNUDY iyestionab infermatien rfrana dies insermediate device

for diregtiént bead fémyihg ﬁbﬁéﬁls@@mﬁ"é G@Qﬁr%'ﬂoﬁ’ aulics dry execute
a nmet hod for. directional beamf ormrr'lgi transm ssi on,

t h8 PREFSET dOnBPTPHRY Pddtienalirestionsl rigiesmatian hgseshen the
receivedrdieetieian inféinizgioh] onal transm ssi ons toI an f

i nternedi ate device; ceiving.directional .information

¢ r BT 4 FaP SR onGigs clrebuna) HesrLRoRing BeasIssion to
the ﬁesmamgntdanesmtmeanm tthe adlfhﬁﬂ(bmaﬂahfc?ﬂmﬂﬁvlr@@enkl)ed ﬁ;jom the

di rectional_ information based on

inter, rt%@éﬁgggggﬁee% 6%' d'f%‘ft'8P%d?f°8ﬂat'°éhd conduct i ng

di rect| onal beamformng transm ssion to the

28. deﬁvh@és'.s%nﬂﬁﬁ(ﬁr&&o@@cfe%%e é)l?gm Lrectional

informati on recerved Trom ernedi ate devi ce and
t h@ raeriver ©onagcaiving ©negiranoien bonidiréational3Bansiskitres from a

sourgégéﬁg@aﬁggldég},,lmwnr&vgeored t hereon code neans for

instructing a
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 transmissions received by the receiver,

wherein the transmitter 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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15

wi rel ess communi cati on device to execute a nethod for

di rectional beamformng transm ssion, the nethod
weomwpi2Bing the steps of: receiving one or norBCT/SG2007/000038

omi -directional transm ssions froma source device;

transmtting one or nmore omi-directional .

transm ssions to a destination device; receiving one

or nore omi -directional tmrgnsm ssions fromthe _
i nformati on

desti nation device. generating directional _ tiol
- fo9eGPREY ﬁsﬁﬁpmﬁ@fgﬁ?ﬁww@mﬂ%ww@m "geeivied irectional
infogoaticte aathd t he destination device; and transmtting

panad the d . e m Lt
o PTG ol ST Ry Tatonhen @ shire e o avice

based ansthe sigectichal information received from the intermediate device and the
additional directional information.

30. 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:

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

transmitting one or more omni-directional transmissions to a destination
devics;

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 to the source and the destination
devices using one or more omni-directional transmissions.



