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METHOD OF DI SCOVERI NG AN AD- HOC ON- DEMAND DI STANCE
VECTOR ROUTE HAVI NG AT LEAST A M Nl MUM SET OF

wo\varh2BIE RESOURCES | N A DI STRI BUTED W RELESSPCT/IB2007/051602
COMMUNI CATI ONS NETWORK Thi s invention pertains to the
field of wirel ess communi catilon networks, and nore
particularly to a nethod for discovering a route for
mul ti-hop transm ssion between a source device and a
VRSHOBOPPIREIVERING AN HISHOE W ‘i‘)lﬁq%ﬁﬁ D‘PSTEN@‘ESVECTOR
communi cations network that has at |east a m ni num set
&OléT/E iH2a0ING AGSbEBASESA VENGMUM ISBETSOF ATV HeA Blolh RIESGHSR CES

net waPed DIRERIEL TR iR B ESRRCRIRTRBIERS NPy s

unlicensed radio transmtters to operate within the
broadcast tel evision spectrum at | ocati ons where one
or belrs enyshtipn eeréﬂmbt@ah@ﬁelﬂeqf marslasp aq>mmn@w@1 witworks, and more

s ar .used
pai ARl ool Tr ioelPuty Koy SR o R 3 Fhiniom prire
soud&e dld%c%rafnﬂ raefRChatioh etibein £aieRibutd a@éesk GRS eEommunications
terrestrial television signals. Various organi zations
netyetkethaplas afilcerAmuBBERGCt OVBpilghle sisedscr GrmiREat i on
technol ogi es to take advantage of permitted unlicensed
W rel ess device operations in |icensed frequency
bandkere kontharck kecbd @aprolifdratioy dﬁﬁkﬂésrs)coﬂdrﬂﬂrﬁm]:i@nhﬁworks For
devel oped specifications for. wir Iess net wor ks base
Cxame ¢ W@SF@@H REAPGRY. o raQPWéwgﬁiﬂS@ radiRargSRITALG 9pemevvlthm the
broaRES! tfele@iﬁdnosgbe&ﬁﬁﬂ L ORSatfonk WHeYe SHeSIrh QU LEtheBIBLMBA terrestrial
access control (MAC) protocol to support hi gh-spee(f
telwisngyl eranogls areams btisg ruseni betomgen sdavirdesnseh ditansmigters include
| oca i.n the vici n ach ot her ,
sofpdplsiin e o Pt BINGS TRttt €% o RELER g ision
mgﬁeﬁg Syatib\® JEHARRRRAs E@\rsugfeﬁ ﬁn%ﬂ&é@ﬁa @UWBﬁwﬁ@lmCdoﬁ{m@manon
(ECMA) publ rshed ECVA "H gh Rate Utra W deband
techYogindioNme Bvanidas of paspéttsidiuplingnsach wictasadeierednsrations in
hc&s%ffrcq{enlca enrds( PHY) and distributed MAC subl ayer for
hl'Spee Short range, distributed access wrel ess
net Ilﬁ)pa{mhhat tHWIMEﬂIA@AD@h&@KdSQiG&ﬂdpéd specifideins €sr. wircless
As used herein, a device |n a wWreless network %
as

netypgs hgsed wroary Wi teehnpdogy. ther sxarapleghe AVIMGRIARNMS
spelégr{?cs‘%lr ) %I%lvﬂi s 8 (ﬁlst? Wﬁteﬁ% 1 ab&sS Arftrol ?\/%@ﬁ Protocol to support

uted acc en there Is no cen
highaptadadihge-hop aaﬁsrﬁlsaabm betwcemddveccsshatiolocated t tht kainity of each

over ns O ontr S access, t mrupj cat .on

’é§(¥ur38e°§‘ p%fsonai i7a Dok @ﬁ\E\QSt Dyl 4 Ggcember 2005, the
Euﬂ%kéﬂ @Bﬁgﬁgpﬁﬁﬁuﬁg‘t@% s RL0Lio @EGN/IAt) gﬁbl‘th@ IEER8A-368: “High

the other devices In the n However,
RagldtradV tdhhanddﬁﬂff and MAE égandact’ispecifymg arawlgmivadéband physwal
laygro(\ﬁfY) a}nla%istt{iglﬂgmgé (s)l%layer for a high-speed, short range, distributed access
wireless network that may include portable and fixed devices.
As used herein, a device in a wireless network may also be referred to as a terminal

or a node. Also as used herein, a wireless network is said to have “distributed access”
when there is no central controller, base station, master station, etc. that governs or controls

access to the communication resources (e.g., time slots in a time division multiple access

(TDMA) protocol) of the wireless network by the other devices in the network.
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range of devices using the current WMEDI A(r) MAC is

limted, and decreases with any increase of the
WEkeo3izwh4 t ransm ssion rate. Accordingly, due POI/IB2007/051602

transm ssion range limtations, in some cases it is

not possible for one device Bn a wirel ess personal

area network (PAN) to transmt data to. anot her devi ce

in Hﬁ@’e‘%%’fn%uent@tt pogulatory FRStGHgN @8 \FaRyRIssPR PANS mission
rané@ BAgAL&d ul \A%ttl@c&fe‘ﬁt”‘WIMEI?IA@ MAOGE i, odtnh %l%cr‘é@s%? vith any

Where the t devi ces may be closer togeth
1nctqam1@ﬁﬂls shyﬂncaﬂraynstmssqm@satda | A¢cobdinglynduye tattransrduenem rahgt a
. rates.. However, .there are a.nunb of. appl i,cations
limy{gaons. F&SO{S{BLﬂaBéSB{elsHHOgB U PR fe o U B erag area
net@bofk (PR0Y Bltdankak Ab@do faﬁ&ﬁéﬁ&@fbe@ﬁ BRIsaf¥ ndtwidrB i the &G Hevices
di stance to be able to send and receive data to and

arefphigsieal icteperpied bydeo picghefra disteecer dn eﬁler pasas,ayhere the two devices
mag %B r%Pos&r tg b[Merr ggns i T&n%g%g E ds%%"lve &;)es gb? }ed?lgesd St }ap

I Ces. rovi e

Ho@eﬁ@l etk 2 a@ihﬁfb@[\/@ﬂ dppBcaion®Wherefiowoiild|beiiglop déstabR for devices
data transm ssion froma source device to a

thapygg rematelydacaied frew gagh athar &y # pigniisantdiytaicede baablgde gend and
recgl\(fg Ratafto Eﬁfgbfgpeggﬁ&h&eac‘t }ﬁ%ﬁ;‘er ggtﬁ‘%tgﬂhaﬂ a gﬁéﬂ&l%;p%e

too great I stance Irect wre
trafisha ssson pmm@rhumtanomm thealesmebe desirabl e to provide

such a hi gh data_ transm ss
r at 8§y lalg péew airb%ﬁ%p @FG e proviige %Wéthﬁgﬁgé%sc%‘fmﬂlﬂé‘ route for

multIMEMduRNdath BaridiG] 855 (CRIRMNCCRL kOR dék%h%ﬂ‘dewce ina
conprising a plurality of devices a nethod

disttibetedweirdl ey natwark eeerf i6 thet thandsices aregohgsivallyf sepama@d by too great

of § BGHE 07 HirS T il FRES M St e B R blelep PRfyide such a

mefhodnhdt Rep lh? &b@a/trsr%nﬁssﬁ@maeesqhé SRR drREeRSL for
transmttl ng data to the destination device. The route

di sboensragpecs qﬁé@tm"fqm@pnbdé@ veirelgss ggmmuniqatign netivgylgcomprising a
pluralg)( ééIVE s& me(%ﬁ%({: S (H%covialm;}%a r%tes fF ?1%951!1 at?rltgodata from a source

a nunmper o require

dextldsmarﬁeﬁﬁﬁamgntdhacd afaamulé-Hopireldy fid pdodldbm dirs@tcti@dadnclid2s
for the source device, and a fourth field indicatin
brogdcasting Gpmsthe SQuEe J9vic ORIl scOBCTY TREUCHEIOR Sanwngpe data to the

des dlﬁ&t LtARS i e CPRl %h{%gdlgcio Seqtif ﬁl@lqusvétqgasﬁa E%E e1d 1ndlcat1ng a

I scovery response | ndr cat | ng a route fromthe sou
horgemint &nti®) a sb@nddrtd mdtcrmmg deumba of Flugs, X0 utqairdd ﬁcﬁ@naﬁsmlttmg the

respo j ncl udes t afirst field. in
datmﬂ%ﬁgﬁsf@%d lﬁﬁﬁg%%%fﬁﬁ%kprt s s g ednceouh e ditating an 1D
for $RSAdsHAI AN IRYT GFRe nlehARANMNREILASRREVIRE af A€ source device a route

~invention, in a wreless comunication Retwork '
discmepy fespange andpdating kirowte Gifonddeisewss deviaetortbeldestination device. The

rould 5SSyt Bhon L ETEN il P Gre pRRS-ggps borveen
thels8hdY dewic®hVing @dstinkhien a@tikkod i ncl udes

In another aspect of the invention, in a wireless communication network comprising
a plurality of devices, a method of discovering a route for transmitting data from a source
device to a destination device via multi-hop relay is provided. The method includes
receiving at an Nth device a route discovery request for transmitting data from the source
device to the destination device. The route discovery request includes at least: a first field

indicating a hop-count limit, a second field indicating a number of slots, X, required for
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receiving at an Nth device a route discovery request

for transmtting data fromthe source device to the
wa@le®riiest4 on devi ce. The route di scovery requeBCT/IB2007/051602

includes at least: a first field indicating a

hop-count Iimt, a second fiéld indicating a nunber of

sl ats, requ ortransmtti gthechta a thir
trarfsrrétt@git%@aé%uai thag gi [ﬁhﬁél@ﬁmtgra HR bt g pebr v e a?lefee device

and¥ NGE danEL, bIEu M ﬁel@%‘{dlﬁ(ﬁn% dr Cgllégttlb ddi ety {déﬁﬁ%qigntﬁe foute
request | D uni que dentiTying the route disc

discmguestiyess of fiifth ﬁelﬂlmdldatmlgdmdat fontheanuicDdtore,tané agoquln Geld

. device d ixth.field indicatjng.an ID fagr thg,.

indligpg 15 o e G dtticeh @it PR Rorbibaffiet Bl intiting a rout

infotRekRibh Rbl@attRSING: QI BRE Libpt @Qh@va@&e foheadMthe SRitECERvice from

to set a hop count value to reach the source device
thef¥rb devipe tonhareqyeltodlee membrs of fopd batwearne penrbedevade andghe Nih
deV*%cee twgtevrv]a trggel 1n%lffe {jouye overgr u%sg\ltand 0 selt 5 II? I?c?rta 1\%’\&% device
recelrved i'n ' SCOV reQues and to set an
to reheHf g s@rﬁ@déw&ﬁﬁld)rﬁ ehd N/ Ratch tds htchauroefod e (09 )frdewice from
the Nth device to match an ID for an (N-1)th device
thclhéh% X daviaeHecarad the jautedisereniisgueshand detcemigingouikhsy the

Nl EQEThy RS GC SPhCHhe NARgONG B U Rty
avdllebllsl th2 Xneshoat incladas ihabhentingihe mambodofi topk urdths fourth field of the
renenting gg nunber. of hops i.n the fourth fj g of.

roue G ek eng torupgaisdhe wteoﬁécotvsrytrﬁa%fts& apg graagepsting the
updil!t&i%i{f%rcﬂscw&y %({uestaﬂrkﬁn I ORACRS LN gvﬁéﬁechélﬂi%&eev‘i’cerdb‘ék fot have

di scovery request fromthe Nth device. Wen t
aHd%WQKékmwegﬂddmthavéwavmbéasowﬂxﬁamgﬂss@waﬂdable then

the, . ro i ScoVv e is discarded. .In. a furt

ool el e il PSSR sy R et bl b
corgﬁﬁél\ﬁ)g’ K pR@ITRY bBHARGC, Peihdbio Misedy iRy iaGeste for tiRishEineHata

scovering a route for transmtting data froma

fromousaseccdisvice do o degingban flevaed va midti-hee reliaispuevified ofhe method
1nc[ %e?y c%wl ?Yﬂed egtlna][—lag dgelcgg%utgﬁ s%’v 3{ ¥e gAt\ﬂ)ﬂ?an?ﬁlitting data

e tes ation devi ce route drs éques or

frofnrtae Scsnrtd davicedalttiee cﬂersaﬂattdﬁeiesme I'Tie: I@ﬁtﬂ cﬁ@ob@ytré@est includes at
destlnatlon devi ce. The route di scovery reques

leastracitsiofedld Aidiqagng @ hapfcopat ity %C@Iﬁﬂdﬁ%ﬂndﬁ@mag Hdﬁn@@%ﬁ slots,
X, Jeg{préd fol t@ﬁﬁﬁ’iﬁﬂl fthe hgta Mﬁrﬁq{eﬁ({]ﬂldﬁaﬁﬁ@? ﬁ?rglg&fqgflehl%h§ froftr the

red for transmiting the data
sodrcﬁjd@aiel t0 thead astimddien defflch,cqlﬁoufth bt 1heluéimg racequbst il enitjacly

t he.desti nati on devi ce, é ﬁ,ﬂ eldi cludlqga
idepafyingte eyt ﬂﬁswgmrqqa%w @ﬁl glddpdicatingithe sueolryies, and 2
sixth&S4§ ﬁqucaﬁng ket &s{uﬁa%{og detide Ché RRtHAGuSRY i S8 de Ylb&'ﬁmg a route

and a sixth field indicating the destination device.

infgimetion t4bdalatithe déseinationcdayitego sgadtdpraguat vabust te reach the source
i.nf or i ble at th des tion dev S
devifit P b los i Be FBt LD BF bMRESH RS Bk abturce
de\d@éstbltl?@ﬂésﬁﬁatdﬁwde@ftettﬁht Rexws eetéaledti® tHehBudWideBler9fredi@RS and to set
fromthe source device to the destination device that

an {{R forrageext Jeaxdcd ta redrd thosuscadeyeaseny theedpsidration glgvice ¢p match an

1D $8tan Mtk device from which the destination device received the route discovery
request, and determining whether the destination device has at least X slots available.
When the destination device has at least X slots available, the method includes forwarding
a route discovery response from the destination device to the Mtk device from which the

destination device received the route discovery request, the route discovery response
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an ID for a next device to reach the source device
fromthe destination device to match an ID for an Mh
wa@leo7ezssi4 om whi ch the destination devi ce recePUBIB26RS51602
route di scovery request, and determ ning whet her the
desti nation device has at | edst X slots avail abl e. When
he deitlnat fe has at | east X sb?ts avai | bIe

mc{lﬂ@% 80 2i cridingthe rayest IPotmi@e Wepityimg tfic route
dlSE(ﬁ’%P}pﬁﬁeSft ra%&ﬁ&ﬁﬁéi@ %{dléh%g M QavdecRvice, at@@rd Ml ﬁiﬁié'aﬁﬁ‘g the

from which the destination device received the route
destinstevdevicer agirelsap caunefield ineingias ¢utigiaed hop count. When the

responsei ncl udi at |ea eId [ clud .
desflﬂ%t? 1684 thn(ﬂ?ﬁaa% & lﬁa %g’eﬁlﬁ% ftwll?aféle r?lbta Jscovery lgequest 18
diséir@&pvery request, a second field indicating the

source device, a third field indicating the

destination device, and a hop count field having an

Nl iz 0 stlna [ Vi ce

doegi(%olt E@ucgl&tlﬁ é{ra'i ¥ WS%G%SSC%ang n%ﬁl 5E“r out e

di SEmyery-2d6kaste 4 ff»uw cﬁgoabei@dnetﬁcbdin a;ldlgthwtlad @addsy wireless

illustrates a wireless comuni cati on network; FIGs.
copRuDigatiqn REEWPHUSINg MAAdtlocdPRdemand digepsrovecia pgotocol;

dis [

us; Fr b 36 RS B PR AT G A0 Bl BEIMAIH spccss
wirkle@scorBaudeatidnl nesworktusingrantadeirocy mJl-tiernailthd:iSMMeyvdm Ipm:tocol that

[n a distrihuted access. wirel ess ni cati on net
SGGE%PW@O‘étﬁS gﬂv-l%ét, Ch & JEREME 8‘?@? i nl}%ﬁ%ﬁrceﬁ G

that seeks out routes having at | east a m ni num set of

avai |l abl e resources (e.g., slots). Wile various

prindV lpillee@rbmsj pfiecples esd shturdyenfitiet mothe d el syy@ms rdgscribed

descrhbed b to a var

belG SRR RGHS Sy SR PP RY RSP il pdietign ppposes the

ex R lcalbs d R IBR kg1l Be ldeywridbd in e comserdRatdcdmEed Raeless
context of unlicensed w rel ess conmuni cati on networ ks

corppuRigRtigngnaiiverks opegrating witb netsagdign-basay. (c.sTHRYIA) distributed access

ol glyibuted access protocols. Mre particularly, the
P exenplary enbodi ments descri bed bel ow pertain to a

W MefarApdr}iclet g, ahatx catipgary R@ibodinkentd-doseniesd, beldie pafeztlﬂ asls
and techni ques descri bed bel ow coul d al so be appl

WIMERK® pgisana pregmsrorl Slowope 8y methedssanddechniquss é%smbed
belé@sc‘églﬂaatléoo% A%@ﬁ@@nmlefcgsg%%the? g r?o\ﬁhte dcBEQUIRy Rk Wi

ackbone. our se scope o nvention 1 s
resd&ﬁmmeblasbgt ptdiecodd, andrsveatnhmugbd wigddtaokboand Of&otmee the scope of

l.im t.ed th |cular e i ments, descr.i be
thegpyepfign h%f?e 6‘1? hg lﬂ%@m@f?@ﬂe&e&? £ 1SRt al.lﬁeg Gy e paticular

en$5ﬁﬁ§ﬁk§§&9m§d%@@kudlng reservation requests and
reservation responses are nentioned. In the

enbbditheembre, in the description to follow various transmissions including
reservation requests and reservation responses are mentioned. In the embodiments
described below these requests and responses may be information elements (IEs) included
in frames (packets) transmitted by a device within a media access slot (MAS). Moreover,
these requests and responses are described having various fields, such as a first field, a
second field, a third field, etc. In those descriptions, it should be understood that the

2% ¢

numerical references “first,” “second,” etc. serve simply as nomenclature to distinguish and
identify the fields and do not refer to any logical or chronological ordering or other

arrangement of the fields within the IEs or frames.



10

15

20

25

30

descri bed bel ow t hese requests and responses may be
information elenents (IEsS) included in franes
W@ paechztssd transnitted by a device within a nmeRCEHIB2007/051602
access slot (MAS). Moreover, these requests and
responses are described haviﬁg various fields, such as
a fir field, ;a seco el d hi rd fleld
£ hoRiTgbisdh HhelotnoY e am?ﬂw@ B oRyrea et is
rentt rlé)c%?c'd frth %rd%ﬁﬁl%ﬁon tié\rn% in a dl%%%g ’acce%‘;Is wireR§{ ?é?sonal area
sinply as nonenclature to distinguish and identi t he
netfvioek @’gA}éhd able tadiscoef erclay rany thraghoakioony 1nterrned1ate devices of the

chronal o rdering aor of her arran t of the
netfRE Bar N S8 pfhop e 10p ERTER RBr R Raon e
(baR@Wid#escri be met hods by which a source device that is

renotely |ocated froma destination device in a

di sfsidpieribed heloewsin aatlerdb ernscase thedrrasmasion rargonptile still
magntal sﬁec@bl X 1eg Oveur51 rh1 l%%( tragé'lrﬁlt%mgn i %‘)ga mesh-enabled

in erne he ne

WIMEmBm) pedafial atda ﬂehraorﬁ QBANI) ad px@mde@vm@a adesi@efttbidd WUIMEDIA®
data transm ssion rate (bandw dth). As described

perpRilabiea nAverTy B AN bis| crrcndalbea ﬁw@lﬁpﬁr@ﬁﬂl@,@?%ﬁ%ﬁ% some
de\)ﬁ‘&'s tﬁat%lh#r/k r%f@ﬁﬁh@é k%Psﬁ%? ﬁ&g‘f&f tBél? h&%ﬁ%rg I.e.,

usi n her trans rate) enabl ed
W I\/Ediil e@c(am)plqo &iGoh gﬂaphncelay ilektngeka QvaéN);s Ccsnrpum\zatdmdletwork 100

Th h I d I
incfug FBGRCBARN o Y10 TR Wb e GRENE Bt 1A S AOC
ma§ OBy Q%hfe%gsﬁa%d frhaydkouNaEd] TORER dRAGHBhvIE 110D,

data for their neighbors. For exanple,
whghaphmcaﬂmbbﬁkasmnéﬂ@é\mim&mgkdm@nmonnwmpnat|on

net wor k 10 i.ncl .ng a pluyuralj of. devi ces, 1

i S ¥ deaorps dectitinne Dol Quleinbe G EeC R T oy megiom
timb r&J¥Ba8bh HrO AR b %&ﬁéﬁt%@n&fﬁwm. M%hb? mddfum time

destinati on device whi ch i s unreachabl e by device

resqryayipn/is #okths ismljret thfovom ahdis dis¢lowre, Bag thrapehouhte description to
follrggv dPﬁs ?uqﬁed fﬂgtnﬂngc a,%yshle{s g)%vrfde% %%ga\ii% }llct?a\]go%é ‘%eselefgtri)ons once

Ime reservatl on, re nee emen

an OptihalR6lNe bddddtdn-the poui&ddiawﬁnefs dBire@ BRIt deindndibt t he
sub%ect the scope of this disclosure, and thrqughaqut

t he THessbe dpterighon tp PP daryses o1 roasadpat diseprery ﬁlrough A distributed
accTRADANL S Bohin i QYo S8t gtk TBke such resource

reservati ons once an optimal route based on the source
devFKes. 3a-@dsilustedtenre nrctlesl dfsoute descovane th a ABtrdutddenccess wireless

description t i |1 ow foc ses o ath dis [

comppBsP LA ef DU Bed e SRk Rpp Y

ro'&?crol’\nfnkFIGF bﬁourtg@dgﬁ]cé 1 1'0545151{)@&%@ aFBR ‘aﬁc&fierfr st (RREQ) to

di scovery in a distributed access w rel ess

locgto rrmumliidwipironte e tasoh Respipatiorsdaviceald 0B - ThedR RIgQ fbemsoice device
11 A ?strggeq\(?edv‘t?ycatl Rfst géAt‘OP}Qree intermediate devices including intermediate devices
110B, 110G, and 110F. In FIG. 2b, each of the intermediate devices in the first group
which received the original RREQ from source device 110A in turn rebroadcasts the
RREQ, thus forwarding the RREQ to a second set of three additional intermediate devices,
including intermediate devices 110E and 110C. At this time, the source device 110A and
some or all of the first set of intermediate devices also receive the rebroadcast RREQ from
the other members of the first set of intermediate devices, but they ignore (discard) the

rebroadcast RREQ as a “repeat.” In FIG. 2c, each of the intermediate devices in the
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protocol. In FIG 2a source device 110A broadcasts a
route discovery request (RREQ to locate a nulti-hop

WO ora23504 r each destination device HOD. The RREQ/IB200M/051602
source device 110A is received by a first set of three
i nternmedi ate devi ces including internedi ate devices

nd 110~ In FI eac f the_. : :
Secr:% &iona mfaﬂgea@v%@@ OrlﬁnlahBRF%} @?mdg%ﬁﬁt Wihio€ mteratediaiedevices
in thﬂiaret?h‘fda&éa!gﬁ;s'théQ %&m{pfé%&ﬁ ARVRREQLA Btlatibh! H@vlce 110D. At
rebroadcasts t thus f rvvardl ng the RREQ
thiseperrdmsetr aﬁfof ttIh:r fent adidsetmtdrmts annterrn@hiatatiewd@\alsossgelve the

reopqipt R BP B Bl B Batan” SiihecoRE b i fvices. b

thel/ ligrvke &Ricarf) thdcBfoaBENsAR REDRISI C@8pcat. S OFih@Hﬁ'lH €1G IR, destination

rebroadcast RREQ fromthe other menbers of the fi r st
devges 119D teﬁmxdﬁﬁwhStPéU%@Wl&ﬂesrouquorvi@y Tﬁ»‘ijﬁ@ﬁé@(&ﬂ@dﬁﬁd} s
traﬁs]ml%t [ f %rnol%%&ﬁ%te %R\EIQG P& and%g ded b Irlg‘edlate dev%g q 10C

er ne e devices in

thoﬁglﬁ; ﬁitétﬁiédia&ﬁddifidegll10El|baBFﬁQoﬁf&rﬂeW@e lflﬂ)ASSo $1&I pe@ﬁ dlscovered in
ternmedi ate devices in turn rebroadcasts the RREQ

FK{’ tﬁﬂsﬁ%rhk%dﬂﬁ@ HAE-IRBPO t o desti nati on deV| ce HOD. At
thi gyl blggamﬁ&ggw R A8bl %nhggmftécfo% ﬁ%&% le that

i nter |ate ces alsor el ve t e re roa
a dévicen tthglapd Hdesengetaeioss, mlépdiﬂalmg&ﬁcwh@th&&tevmé 110 is (1) a source

G BAIBAGH S A AP BB ee) ah AT 36146 (e 3OB: 1100)
thaf RS hra kb A IRUELRs HO3 T @&&ﬁﬁgﬁnt Rvida8 1 BERME IR s @he route

route di scovery response (RREP) which is transmtted
dlscwersntequmchr@swnm@maderemvedmUelbwr war ded by

I nt cgelylcte g% P%tgvoglgéﬁ)(i . ng at e dei(ab?ee with its most
rec%tﬁﬁi@%ﬁ% doﬁhcgrhfﬁ tB@I3¢of (Be éﬂl@ﬁdé\flée@ﬁ 1@ 111 @&nﬂquﬂféalafh@etwork
operations of the A(DV routi ng protocol of FIGs 2a-2d

20 Ahcyhag cONE (REMbo & K ro@ITGMDaEAch 0 Spicheps 1oRek ot these ofher
deviB& rﬁbl Iasthe dl%p ﬁgy@eﬁ’ v&fhw} tthe ?gta%ﬁgulﬁ %f: ghg 1111 grdgllgo r%ach each

source’ eVICG es a rou I SCove

of the btteA dévit@rimedi adb@naaichten f@wark 2000BVheKdGkr th abute to a
forwards routing nessa a destinati on device

destippiqnigyiced pii: €5stinpion gmsi‘ée ﬁhr@dwwya%l@aﬁ Bxfhe Reuge Information
t jyvel
Tabi¥ gﬁ?{f %azfc%slqgg fnes sgugg h@syi’cei E?ﬁ?bt%ﬁ&éagﬁ_ﬁir%]gtee'cﬁvacgﬁery

netvvor mai ntains a Route ormat 1 on
requéss (RREQ).r ACRREQi mdyobarbtantiateacar it nyirtghepluiaditydf fidlds.

ot her,  de s.110 in co ni 'o net woy k 200, .t he
BeﬁLFcSh tallyud éﬁd%?t L lr%%a 41835%&115% 3 BORsROWHt limty g second
ﬁGIQQﬁaCEItﬁl SARIMIRE of H@pcseoe%&%rthéj S &EEvickQnd 3c gt A8 a third

devi ce" to whi ch the data should be sent in order to
ficldendhding e meqicstt IPeuraquedy iddetriyoesthd t@ité disempierureiquest.iachourth field

. _[het.wor k 0., Whenever .the ro a.,destin o
ind§HHERN 2Ty e SR Fividenmd bhE SRRt AEHLRR sy destination
devide. tOBeRaEEmbPhe inBAldedand one or more of these fields may be omitted if

circumstances permit. The RREQ is broadcast by source device 110A to all of it
neighboring devices. Source device 110A sets the hop-count limit in the RREQ frame
(Packet) to define the “searching area” which defines how far the RREQ is forwarded.
Source device 110A may re-send the RREQ if a route discovery response (RREP) is not
received within a certain period of time. It may do so, along with other control algorithms,

when the traffic due to re-transmission of RREQ is controlled.
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Tabl e of source device 110A, then source device 110A
broadcasts a route discovery request (RREQ. A RREQ
woregp7hessicist anti ated as an | E havi ng a pl ur al i RgT/582007/051602
fields. Beneficially, a RREQ includes at |least a first
field indicating a hop-count7limt, a second field
i ndj cati . a nunber qf hops bethen the so devi ¢
andMeRE™ Bl AR iAT Bevices (6 i AEVIFT o 185 a9 104D Pagecsive RREQ and
RREPAYESE g Ilnpssh!%@sq Yeh¥fidi gmrblf&{ 'dﬁgoxtew rerqgk’st@re‘éél%@(@%(ﬁf sént at all
request, urth fie i ndi cati ng
de\sczﬁs 4@ ind Betivoek 1 (Hhﬂloaldf alf have fthleedadlel Irmheabf ﬁgda r’out tiffeomt
the sti nat,i on eV| el d be i ncl uded .
ey 1N R B B it ot e R i bpgrheutar ole n
roud di§eoVBERNE @EnREN ke mdPBe RRERrSdRIQRILRS In PMuRPHEFERlay
device 110Ato all of it nei ghboring devi ces. Source

rougieldtween sogreesisy et hBA o g desimation deri¢e | 19D HEheRRiaY by afnthe

RSB vl s ALl NGichSSRRE ISR O, by AR B ceived

r e- Bided ahhﬁeﬁlﬁ.li@w fiev’:lcd’ DL @. ol aniCO et ri @BRO TS, RFRER) 1<N<
is not received within a certain period of ting.

M) sespivgs a SR EQ fromysapr ¢rdeytasdrl Oédqaitarl@qheram&émpélﬂmdevm é%g an (N-
1 )t;z ﬁﬁeﬁl{eafafté & az’v\};ﬁ afr@a&yr PRSONE ii@ﬁnagfon@&ﬁ@ (i§st1nat10n device

control I'nter medi at e devi ces
1 l(libvpe(cfﬁedhiﬁJEhealhRiEQGm)n it ecwirdy RREQ RREPRRERIing &b apygopriate hop-

ssa eficially, route coyery requests
oyt daiedt %eﬁalrflgéme trffipn dgyiFe gLOSQ Bichviige g leterpdiate device
1 I@Hﬂb‘tl Boftlchst MRVR L& RRE® WHIBR incdmdrt&d -cdint Value Intermediate

ferent devices 110 nay update different fields in
deVadnael Ietoeldtonydespardeasy thoneda e dRREQ oxlicant reodives the REUHR---

1de8I @ (gt@,e{hlg ﬁo%@ﬁg%l?er ﬁ$ Eni@gg%ure e—-%/i‘l@{ 3\[&3{ St tgh?a Egeneﬁcially,
int&@geie delidd 180G daplhRaticqreveR¥IRR) fdding TTBmbRIdAA @ Route

of the internedi ate devi ces depends on Whl ch routi %%E
Inforsepdiond aple. fer sourRREvine 1RRERNdjtke deviesi MOdronpdichghe RREQ was
rec%v&frmd' ate device 110 (e.g., an Nth internediate

devi ce, where 1 < N< M recel ves a RREQ from source

deviranAi(A iernasditd éevicont 6 (@i aat o/ dereintelidte d@mce ahere 1 <N
N 1) thlnterrredlate devi ce if it already has
%alﬁ‘hffi‘i?]hfﬁtallﬂ?ﬂw Grg-t FemgedVitd 4t iwarraesijate ée\flmwhere I<N<

MSRERR gp%ﬂay B h g BRERs talﬁqﬁ Halin pl{u%p{ offeid %eﬁﬁgaalfly,

I ng “an appr opri ate hopcolnt va on be
RRiFJﬁanded;etSI anfafst feld dedicatiag H(ﬂi)mb@‘ bé]mpséxetwetehelme destination device and

i.nter te devi ce t..broadcast_the rec d
the fgpier f dgics, ﬁéF%?’f@#l f‘gﬂb“}‘f Htgowﬂu?/%ﬁla SNIGURLY, 5 iyige ghe
rou@eeéi'lhé‘o%el]yltg shetd Whieh biMs f8 1%@991@&55 tahl%rdi geRl 1H&’1gatﬁ|§FaQ 1D for
when it ‘recelives the RREQ - identified by the source

thedewice de‘hD: and! atftngthr Bejd esdicdtiDg-anfibrfor the distirstion derace. When

Ben internme devi ce 110 al.so updates
in RS oy TR QU s R Sr e BR e 88V 1R
indidafearuyad lafRr Rahedt flor SQbHite SvithaVinglel A cauifl vhiue, then

devi ce 110 from whi ch the RREQ was '
intermediate device 110 should: (1) update local routing information (i.c., reverse link to
destination device 110D) in its Route Information Table; and (2) increment the hop-count
value in the received RREP; and (3) forward it back to source device 110A using its local

routing information obtained from the previously received RREQ message from source

device 110A.
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recei ved. Meanwhile, internedi ate device 110 (e.g., an
Nth internedi ate device, where 1 < N<M nmay al so
w0 ewen2sie RREP (e.g., froman (Ntl)th interneRCEIB2007/051602
device, where 1 < N< M. A RREP nmay be instantiated
as an |E having a plurality 8f fields. Beneficially, a
RREP i ncludes a first field indicating a numher of
hopélasewﬁe%ﬁeselﬁ%t} VF%altpoﬁe%eéYﬁS@eR%ﬁ@’ ¥ ﬁl_éonlﬁgr (1) update local
routiRk GIORRRN] deMvERe ik 3ESRRE ddvRled 10AG A REutd Information
request 1D uniquely identifying the route discovery
Tablecnd<?) teplywhitlc h RRTIRsvin @spestde thealevaie diom whichiit wedived dhe

i_ndi cat i an | D.for, the sour device, ,and a fourth
RRERE) % R Ao nehiae st refolied e R GrfC e Bl At or et to
ondNaHA dithb s ReiclcBtcd VY ufichahd&l FQG&t VB SdcpeiitEoMinhBther or nor a
newer information, either a new route indicated by a
new sugers Riguadbared D2 thyregpanstit e with a smal | er hop- count
val h01t1 qltetﬂe Irn%ttheofrdrgsegcl teﬁ ag Ve && p]éI]Tgit ?‘ohu%I ldfscox&ell)% b u?odu%eedevice
| oca rcﬁJlnglnormalon 1< PreVerse Tkt o
110¢esf & Ralti-6p eemi ©atc ) a infinintuen Repit@ink, Nf @sodmbt @3ure that the
Tabl e; and (2)_ increnment the hop-count value in the
selgciedioytsd ormEPotheauica has wiligen resousgs [0 fupPeid thecdesired data
= . 1 . - i
ol AR Ll ROl OUMARLPLENRLARI g 0PI
2a-Pd doessrant lircsarcokb et there l@Asulfisiont avhiabldl@sirdésoatd pmedieicass slots

S e, Hhad () tdete el T
sofgevdll&f?cell]lgﬁ)to'd@stigaﬁ,oﬁﬁé‘\ti_ge | TP htRidsRBd daRk&e. and (2)

y with a RREP via unicast to the device from which

i t FHEéeBsddillbsaRREQGhcTvatcRREPvstyoutttod mcd dideibated access

.initialized hop-count,.value (e.g., set to ro or set
wirg BB A B R e harcish: S rhEEabER vl
prof®@UeBke MBhod eRRHGENBCION WEERRICt &Y FITR! 3230 MvIRY R dbflity to
bei ng of fered via the response. Although the nethod

“wepssuiti et sdoy sourenhdgyagont H0Ay towdestingition dodey | HID gwtiprgancapable

o 55085519 Rlo B O, L R o o I

illub@atcABYFITsh®4-3¢ auduegs thaScastufidicd EltinaesRuted @sulti-hop relay route
sugport the desired data transm ssion rate or

foridg HSioTHEM paiireq ¢ryigeekl Rodo destnatipr Aol W Ihhasysufficient
availﬁ?]@?ﬁédié Qccgés%q’(?ts é?é%? 1§ RER afdhe LASMiSs b @ta {@?{q%odiégi?ed data

clent availa unreserved) nedia access s
rat@avai | abl e at each device throughout the nulti-hop

relay.rqute for, dat .ransm ssi o om source deyi ce

110A% i1, hgd ¢ldhe 6‘?1@%‘{%%6’&%0?@%&) Ledd thfedcFEeY g the Chanced
AOTHY outfib FPotodR 0P EIGE B4SE VAL SviaNALRGE @ Hl8vidL IEOYRLY These

method i'n a distributed acCess w reless conmmuni cation
opanetions dkpSA®nushateerdine delddvas (1)onsodmeaiedicditlst antecy eoude
discovery, (2) an intermediate device that forwards routing messages, or (3) a destination
device that replies the route discovery request. In the network 300, the devices 110
perform various operations as described above in network 200 (which will not be repeated
here, for the sake of brevity), as well as additional operations described below.

In FIG. 3a source device 110A broadcasts a route discovery request (RREQ) to

locate a multi-hop route to reach destination device 110D. The RREQ from source device

110A is received by a first group of three intermediate devices including intermediate

device 110B. As will be explained in detail below, the RREQ specifies a minimum
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protocol. The nethod described below with respect to
FI Gs. 3a-3e provides the ability to "weed out" routes
wo ez ce device 110A to destination devi cePEIIB2TAIS1602
are incapabl e of supporting a desired data
transm ssion rate or bandmﬁd@h In other words, the

thaod il ted in FI -3e i nsures_that each
nurgg%og Jéwié filagaép U8 at ath BRSTEPSIGN fremtrsauics device 110A
to &E@fu@atfoh%@%% §§(')I9n ThE §H’(W}19§1 ey k6 ﬁr&c%% th® sarne as FIG. 2b as
destinati on device has sufficient avail able nedia
desagbabkabost.atxserft M)nttmefdmtwéﬂdcet hdFt doan $iQ'ls firgarddhe RREQ it
that .t he desi rate. n,.the cas t he
rech B AP M Brdeped 108 b he At GRE P il Fot have a
sufEBRANGRELLOPW 4 @bl sis (NIAES’&PS{up%rt ﬁle@%sﬂ%@d $Ra ahidmiWidh Since

the role that a device hese operations

interesdiate t@ﬂmmlel W&rdlsqaéiSde/RBEQ # if m)t far\’s%trd@dcf@ igteunedate terminal
116&2 snt 1%1'91 g §te§aﬁ QY lgll[GS %Q\ﬁﬁo;c\é%%s(ﬂzlg sa e asr]%l%r E‘SQS 8lsGribed

abdilfeséﬁcﬁpﬂth&mh&evd 1B biﬂl@ltoné @rﬁbﬂn@ﬁhatt@%rﬁlﬁial é 10E§ moMesdcond “set”
request. In the network 300, the devices 110 perform
and/tafniedagow pdhizd [ “whsofagteguedipieier canBvieconsisieniior iintegpediate

de\(uygu l‘b‘% %lPlIGng)& dlgﬁlanglﬁgr? é\gge b resé dshogecraﬁ ﬁ‘tlﬁg %RREP to

brevit , as wel |t|on rati escr
1ntd5miedm1te demdél IGOE3whdointamcdrd d)seflclb]lﬂ)actrebmddxasﬂs $heeRREQ which

. route discovery requ (RREQ to,.locate [ti-hop. .
IS G Wt GHORAESEF L LUP GRIGBE TR HORevigho! @Ezé%ythﬂs%naﬂon
devBQUT 108, d8Y it &k diessflcreeﬁ@F\@Qaﬁyth@Rﬁ{ (?Emger fﬁ@? h&e received the

three i'nternmedi ate devi ces includ |ng i nternedi ate
sangtereijeest biBre. Agnallyl, in Bi&s. é)%pﬂhalRﬂ?éﬂ) isrtradenic fivel mwgrmetiiete

terial PO S EiEinfr TR 198, a7 RS gl it ik

110Z0°S6 thedR HiaiverRA 1@ @YG Cﬁl 30R.110Re] 19 P1 GHIOYED,i whibh (3 different
3b proceeds the sane as FIG 2b as descri bed above,

thap deatptitetchscoverad ér R 28-8d JBUT cvehiah rseisedstoNi@Ye peffiient
res&u F@gdpb) tc% sup%%ﬁltﬂee &j &éﬁl&% g%ﬁ%gltsaﬁa Lt& orl‘t}a% |1cP[ﬁC %ﬁg feason the

evice T ve a Ssu
roum.hmalﬁfferefﬁt iabedaliedd @izl 1a0B WHSorhe psiti pPtictrolitbén HESY. 2edd did
data transm ssion. Since internediate termnal 110F
notdfiaye shaghsings wRmgpor thejdgsipst transmiwgiogaater 1d setibpapbyseed in
riderpal 110C in FIG 3b. The step shown in FIG 3c
proceeds the same as FIG 2c as described above,
excepptitdto tHe&tperaltlsn nbthe@ohynwoetion hetwoekl 2@ described above,
ter in the second ere i'S
sout; qay wesléfm IgcommuDiGatgn a?t@voaléiﬁ?i@gﬁﬁﬁ%%t %aéhgl?es%@ltmayﬁeld in
the(ﬁ R E(ﬂ @g'v@{eﬁ 8 b8 cddEThd MHdiidaal Bdd 1&’&1@1@6@ &hli®Ber of
devi ce responds by transmtting a RRE
nwdmmemnadwhﬂe@ﬂéﬁbcéthﬂxﬁemﬁdﬁbﬁwmaewnsdpmbédd@vﬂbedmmeddMa

el SPPGRNGAR, Pol RSN 1 b FREMYSEREIFRY AR RS v

uscd s dxplfinc@n detail below, to insure that only those routes having sufficient

bandwidth (number of available slots) at each device 110 in the route, are selected for data
transmission.

Beneficially, the RREQ message of source device 110A in communication network
300 further includes: (1) a second additional field identifying an additional parameter,
called “Residual Medium Time;” and (2) a bandwidth priority (B) flag. The residual

medium time indicates a residual number of slots available at a device 110 in the current
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device HOD, and internedi ate device 110F discard the

RREQ si nce they have received the sane request before.
wo-20ale3s14 in FIG 3e, the RREP is transmtted PEDB2007/051602

internediate term nal HOE, through internediate

t erm nal HOG and is received by source termnal 110A

So.th t FI 11 0A-1 | 1
roufce?ﬁoq}engr%e Ve{qeﬁ f:}pgqsgﬁt ef”r‘?ﬁrﬁa HI@% has g Ewest rceﬁrdual number
of éibt% GOX BRI TH'ét Fs' & fida u?éﬁtlﬁ@sl{ﬁe%’shcﬁﬂl hiRdARPLHLE qveh&ble at the

have sufficient resources (slots) to support the

“choGgpaimd uddlewr@smtrmnhtlslmpanlayaome dronbthr donrde temTrlraé to the current

rreaspn t dlffer |s bec devi ce .1
deigi ol Sted R ity IR Rt e TeREQISHNER 4° Figpvarded
froRBHLIRNAYGH dSHEAL BI (L theSHABR tmetdlﬂﬁn dasiis ﬁﬁda&é@d&%@s@;a@n
rate, and so it was bypassed in FIGs. 3a-3e. Conpared

Howqurhwh@péﬂpml%m ipifnitt b@Qﬂﬁlﬁ%ﬁﬁle é@lilféﬁ d%éwbl% 2lgomedium time
r VI c | c Ll
P e B b A B i

mal be r&3BEQ inREIHAJen Wheliericinbodiniing aﬂ@&SidualTrh@dlaﬁdirﬁé @adbe sct to a
field i dent i fies a nunber of medium access sl ot

magippig) valye ayalsblegsingibe aegbera bits aprigncd dpiothe dieldy :ﬁlﬁthﬁtmore the

B SR T8 £ do g P PR A Neyibk 3k SRRl mpetm
tlrnb shadé de sasctek pt @icfeadd ionerdtetoaid habﬁig(n/\lﬁssteoreismiaaﬂrrﬁedlhmttlme

nl t hose routes having suffj.ci ent bandw (nunber
eveeflf é\%wtsgwng ths leyseriesidyplinesiyin denehas & s lﬁ%h‘?lbﬁﬂ%lt value.

FutlEmeR! QGER %efI@iEé&}ﬁﬁu&ersQH@'H&lﬁ?ﬁ(ﬁ&‘aﬁn@QH@fe'sﬁhﬁl rhé’dluﬁll'iﬁ'ne then
RREQ méssage of source device 110A I A comruni cat | on

therRRR B shouBD@sd inctuidera fioht indebeting (hﬁ)refadwé oeddinatoictendrdd flag.
» rosats et R 1805 | PSRRI S vy 300

reckiBes &l RREQTlh@waﬁﬁgf el MR (468§ driBedutdll EatRSsAitting the data, then
resi dual nunb slots available at a device 110 in

lntftl’ﬁ@d?@tﬂ qearerld Qoalyf foswards ﬂmd@ﬂ@\(wévrmqa&tbwtlmmpﬂi@g@me device
ll(gls %t%( % (s!ﬂoqgc) atVﬁlfla%\{\B% ! %ﬁsg ?\lesg l‘iﬁ“@ﬁﬁecﬁ&te ﬁe Eés 10 will

I'es e resi

sﬂdﬂielglldmﬁiltnereamabdlmm at the "chokepoint" in the
present nulti-hop relay route fromthe source term nal

to BHe when @ﬁftm’&é\?‘Fec@VwAsl 1Q40f Poryaluamtl% Aework3 Qficecives a
9ttﬁét|1n$11§ e%}@%e ev%gﬁd ?‘%El%lgﬁrﬁﬁ : es Sfe{léﬂ[a e‘Eiﬁﬁln Efn@ Mailable at

evi ce rumtine is
a deyadat Hiinabe romoethstliag a feioes vesiduahvinenbdriod slaREQaila;ble then

|n|t1al source devi t he ne
mt?mﬁélar fﬂetlﬂﬁwﬁ%@é Op%rawe%fe e ﬁﬁlfHO%’* flag & %ﬂnlﬁ’ Iffging that
pridith ! léﬁoulh Be QRRN TRAMSTRRER hiRe, SRR ISF g@éﬂag% J&S &hen

toinfinity. In another enbodinent, the resid
interendilata daviee 1dfyhindd sipdate thearomasgiomd mgvaliaenty ai itst@te

Infté%rl}att]ﬂg r?'E]re v%zjhr[cltx)ﬁée RE{EQ’I ﬁa% tl?esssél r}g(?uefstofD ‘?:J.S 'Y plfewoudly received RREP,
but indicates a larger residual medium time than was indicated in the previous RREP.
Furthermore, when an intermediate device 110 of communication network 300
receives a RREQ, if the amount of available MAS for the intermediate device 110, ¥, is
less than the residual medium time indicated in the received RREQ, then intermediate
device 110 also copies the Y value into the residual medium time field of the RREQ before

forwarding it.
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B flag may be set (e.g., to "1") to indicate that a

route having a greater residual nmediumtinme should be
waelogaerssi or preferred over a route having a | BGEEB2007/051602

residual nmediumtinme, even if the route having the

| esser residual rredi umti me has a smal |l er hop-count

val u . Further he RREQ i ncl udes the field

i ndMcRidayneHen " Aedty ﬂémwmpﬁpn Tk oAU regeess an RREQ
havifiosh f IBCdHddR tfﬂ thXNQﬁL §dtHH% [ &8 fH ¥@hsmitting th
a\ﬁlggl U%V?iécﬁrrlgsan ! d1@a gq S:F’Sc%g)mﬁéeﬁ&[gﬁ@@d# smitting the
dath,rteetimmgidh alteicel éwlb enl‘y:neploﬁs v@drmB,RIEantfﬁleanrit hast atvbarakt BOOAS

o GG e AR e R e R e vy P ik 1T DR el isptigation
devi&V1 10® dAQnaRhM cfRnMRESL 1306 IBRE! wb@athéé@,aﬁ‘%ﬁmavmlb then
i nternmedi ate device 110 has at | east 2XMAS (sl ots)

it dwaﬁds&mléREQ withowt fespadieg- wi se, i nter rredl at e device
\kﬁgﬁ‘f\no (1:)1?1}%6 %t},on ev‘fc%rlq 9@&% C]O]% edn\llc%glo ooakA%@(? I”ewg?ikles a
RREQOthbE@EludesStha BRE@Paddhaé ﬁblﬂqhdidaﬁlgtdw@sﬁuéllra@i@ﬁ Ginid ¥ ailable at
field indicating a residual nediumtine available at a
a dendg B0 matbe raytq fhat has griewesh aesidiab nmbaad sloty aailahle then
r I [
des'i‘% 1 %Sfcgslggfe)?sgt@eﬂaai)@?%ﬁ efs fHI&Rs | Wh@ﬁ dﬂgﬁ%g 1sds%Y ncfﬁcatlng that
prionitgtishadld bg givratto poutasrwiiigh hinaud gteinter glmlmn off aventahte@i;ots then

ater mber of a | abl e sl ot.
et banca OB upder oo oue iy n s ROt
Inf&H B8 AADLI vgnTRY RRE@?Bsz[hé Sanhd RqRQYIIS a QF%VEB%lfsly%cewed
Tabl e when the RREP has the sane request as a
RREQe bubndicytes e daeradsi@REmedum timedhoawesindichied ge the previous

KRE?’Si dual nediumtime than was indicated in the

evi ous RREP. Furthernore, when an internedi ate
devmﬁ) 16 BdncHRBTYRING Ahd Shah@idWREKoBAQCHBSEERIDGES with respect to
RREQ, t he anmount of avail able MAS for the
FIGmﬁéﬁﬁ@tﬁ the disgexary ef a naqyte with ithe hagmalk hpprcopptandggifguent medium
[
oYt AP AL 840 i hERfLe SftoR St ot Efhncing
thréuphonehe dordmunkdiioimdétivork, bhé bﬁbvﬁflng the fRletbecB S¢léct a route with
forwardi ng it.Wen destination device HOD o
the oINS e aratabls slots tropioxidsinpagingar m%&batﬁg%be
£ath I%Atﬁ A{slots) are
COIﬁﬁlwﬁglrged ?%Fdll?er glggor%eﬁ?% ng é(ﬂgmgat a, destination device
F@W&mleyprefenéd emboditien@ aFREEblmhdmerdln mamyataribea@starXpiSible
ai | abl e f.or, receiving data.rel a%/ﬁed frgm sour ce

Wht%w%mﬂ@n the: 90aF At SRS sqape QE LY IRYANTgR: QB wasiagipps weuld
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RREQ that includes the B flag and the field indicating
a residual nmediumtine available at a device 110 in

W b@7neasi€ that has a fewest residual nunber OPCHIB2067/051602
avai |l abl e, then destination device HOD shoul d operate
as follows. Wen the B flag iX set, indicating that
priority should be given t rou%es whi ch have a
greater nunber of avail abI t hen destination

WHEN EEmEPR: shoul d update the corresponding route entry
inits Route Infornmation Tabl e when the RREQ has the
sane request ID as a previously recei ved RREQ but
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concept . and scope 0O ention, Such variat.i
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froﬁifthg CodrBSRELLd (‘M‘O&)‘ tolthe dSPRLdH &RId-QM1016Y, M DGR d%gvery
clains herein. The invention therefore i's not to be

respa@st motudeok exdeapt fwit fieldinticetinggd nimbared hepohaweén thheource

o fRe GBS L R BaP RO HET USDR)-(300) comprising &
plurality of devices ( 110), a nethod of discovering a

route for transmtti ngldata froma source device (
1102) Themethodsfickémilofrthey P@pi$4ED) via nul ti - hop
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(1100w fitoheths cource devavd da0A) kal@Ach aanD far 4 demida( 11 O)eﬁrdn which the

i ndicatin ni1Df rthe estination device (HOD); and
SOUT e V\lfier(ég(%@ wrRvebi &utagmveeﬂ( TPRYMS- a rout e

di scovery response indicating a route

3. The method of claim 1, wherein the route discovery request further includes an
initial medium time, and wherein the route discovery response includes a second field
indicating a residual medium time available at a device (110) in the route that has a fewest

residual number of slots available.

4. The method of claim 3, wherein the route discovery request includes a
bandwidth priority flag indicating whether priority should be given to routes which have a

greater number of available slots.



fromthe source device ( 110A) to the destination
device (HOD), the route discovery response incl uding
w@eoora2sst4 a first field indicating a nunber of PGIEBR007/051602
bet ween the source device ( 110A) and the destination
device (HOD). 2. The nmethod ¥ claim1l, further
|ng p route i nformation table at the
sourcanemied 0? fﬁi Ryrthes EMBrIHRH I CHHE &) B eutss device (1104)
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he nunber of bet ween the source device ( 110A)
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the route dis , res and to set an ID for a
resydugl medim ing thi B s RUE SN YIEIONTat i on devi e
(HOD) fromthe source device ( 110A) to match an ID
for a device ( 110) from which the source device (
110@)The@@ﬂmé@fphenﬁoﬁﬂ@wﬁcenpm@@@ response. 3. The
neth 1 di er
f ur PESH er | nc %‘vafle@éh %I‘lov}‘kl][ }gaq ?néﬁcalf%g that %ﬁg tg s&ﬁulﬁ%% Ig‘?ven to

routddeviichhe/cdi Geaveiymbice dpansablertdts) dl@&atﬁlgseﬁtf‘o@fédnfdrﬁhﬂon table at
indicating a residual nediumtine avail able at
thegayiice deyica 4IdPA) fp s9he hepgpentiviabie tpseach ﬂfeefi"s‘é%l@a“loééiﬁﬁlﬁﬁﬁl 10D)
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erein the route di scovery reques I ncl udes
(116 dhvait ehtak rqeeived iirt shefsbamdiroute discovigy wsediser amﬂrsettmgtayl ID for a
ould b

S ive o routes whi.ch have reat r nu
nexAeygg( @B?Oere%abf@*% destingieh AStistod 10P) ( afteh 40 1 an 11 o1 4, wice (110)
frofmONREh 8lcNBufc@ GRIKE PO0AY rEdag AR é\e%og@%ﬂu%\eedlgcojvg%ks&nse

second route discovery 'response iIndicating a sécond
route fromthe source device ( 110A) to the
tion, device nd route di,.scov

oo BolCe TR CHa Ry S U S gt o AT A e doviees

(10051 aMméthed bf diséoveand € rélits FRVRNYM@SPENS Bronfa soli& d@@tdéleOA) to
claim5, further conprising: when the bandw dth

a dpﬁ’ﬂlné'frlqﬂt gevidedd 1012) wiemulfdiop aglin ghft mathOé cP@plisipg:shoul d

oy af iR he' € ah 0k BN DRYE. B BR) Ehudl M HapGhiting gata

frofnhtBc SQutECevakaMil @@AI to]tﬁ@ééstlhmdiﬁdeva:ef(q)mmp tlfétrow@dweo{z@y
reach the destination device ual to a nunb

reqggst Wl%‘l‘t\/‘%@ﬁ afiyat fagld) p@éca@gg @é}@p(cog}q_tdmut mce%ﬁeld indicating
a nfRBL dt? b¢ %1 S8 i midd th\é%ta g?lﬁfcf’ fdd 'nﬂiléahﬁﬁ% afnurnber of

secon rout é SCovery response, settli ng an
hos mamendm/smce( delid@)(11@AY ermiche Nﬂededma@t b fiatrihoficl d énchaking a

ID for a,.device ( 110). fr whi.ch
roqpg 18 ala}—%lg@déwﬂﬁng o foRje HoervEadthe U el an 1D
for %@&%Yc%rdévfcg%l)meanda 51;({111 t?elé[\’hfd‘?daﬁﬁ§ aft POTHhE ALdtARtion device
network (300) conprising a plurality of devices

(110D);

updating a route information table at the Ntz device (110) to set a hop count value
to reach the source device (110A) from the Nt device (110) to be equal to the number of
hops between the source device (110A) and the Nth device (110) that was received in the
route discovery request, and to set an ID for a next device (110) to reach the source device
(110A) from the Nth device (110) to match an ID for an (N-1)th device (110) from which
the Nth device (110) received the route discovery request;

determining whether the Nth device (110) has at least 2X slots available;

when the Nt device (110) has at least 2.X slots available,



(100), a nethod of discovering a route for

transmtting data froma source device ( 110A) to a
waele®viest4 on device (HOD) via nulti-hop rel ay, PETEB2007/051602

nmet hod conprising: receiving at an Nth device ( 110) a

route di scovery request for ansmtting data fromthe

source device OA) to t edestlntlo evice ( ),
the rout BCEEaLVEH TgfisE St oM e aﬂlagefjd&f&@ rotE dhocovery
reqﬁés’i %EI ohé & GhdaRahé %dt@@ls@odgﬂpreﬁﬁé’s@tanh' mt, a second

leld i ndicating a nunber of slot’s, X, reqwred for
t ransmi t bioadcastueg thatupdatad tdite dhscﬁovet}dreqmﬂt bratni thg Nai device (110);
unmber of hops between the source device ( 110A) and

he Nth device, a fourth field including a request ID

uni Gyen el Meakvity (INY) HHS HoPHiR Ail&SOYeENWts a3, diRarding the
fifth field indicating an ID for the source device (

roufel djovernnigqecssi xth field indicating an 1D for the
destination device (HOD); updating a route information
table at the Nth device ( 110) to set a hop count

val ge Th@ nfe@ddbficheémsouher ik iré@e (istddA) rdquednatsbendiides a
devi ce 110) to be equal to the nunber of. hops

Sevslét&l\ﬁte&wmtdr?éﬂ%a Fesidugbuedigny ting esae)ﬂahw@ﬁttahiéwm@ Aldin ¢ patp from
the;sg])\gl)ce uhake mﬁA? %F@g\f\%j dbficd blg Ozﬂlla{{ ﬁa(s %g/;eyt%éﬁdﬁa? ‘ﬂﬁ%tﬁ%reof slots

to set  an next evi ce to reac
avaslablecanddeincbe (VildOA)e (i O))Ihets haelchith? Xddots @eailable] the rhethod further

ST e RN
thaﬁ %ﬁ%ﬁﬁual%ﬂrﬁ‘tﬂie@f tﬂ@%@&lsm&ugﬁ %h& §hkn Y40)esd@sn the

| east 2X slots available; when the Nth device (
resr_dll@l)mhasmettmet @eqsylngi( 13ﬂodh@thadaidldabif the lrcmtq: divemcineqiiése to

ch#n%er O{PFO ntthefourthfleld of the route
updiiestigyesidpal BEEUI MBS one to update the route di scovery
request, and broadcasti ng the updated route discovery

request fromthe Nth device ( 110); and when the Nth
devPc&h¢ metiwyl o sbamfovhisepirethgtroyte diseoexy siquey includes a

\ al&t&@?]hglt @#gﬁ%ﬁ%ﬁ%&?@wk%eg p% %{ %Jxou(f(? Y& élx]eéﬁ[ RAIGRY Wh§ch have a

erern rou scovery

grehRe e beralf 20ailadtd dlkes a seventh field indicating a
residual nmediumtine available at a device ( 110) in a
path fromthe source device ( 110A) to the Nth device

g el eemiesyglyporcer o Sits

2X Belcellvmgau #id /bl deyict IQEI (]Tlatdewdroﬁner(hdmemry medpudesfor transmitting
cark gt ey (e (190 e e i VEPAdA Rt
dlsgd#gﬁy 1;%%%5&3@ ilcRMfiS AiISKLUETY £88 URBlatin@AduMBENof Rps BERveen the
destination device (110D) and the Nth device (110), a second field including the request ID
uniquely identifying the route discovery request to which the new route discovery response
pertains, a third field indicating an ID for the source device (110A), and a fourth field
indicating an ID for the destination device (110D);

when at least one of: (1) the request ID of the new route discovery response is

greater than a request ID for a previously received route discovery response; and (2) the
number of hops between the destination device (110D) and the Nth device (110) indicated

in the new route discovery response is less than a hop count value for reaching the

destination device (110D) that is currently stored in the route information table,



residual nediumtine, copying into the third field of

the route discovery request to update the residua
wore@rapsstd ne. 9. The net hod of claim8, wherei PCT/B2007/051602

route di scovery request includes a bandwidth priority

flag indicating whet her priorSty should be given to

rout es whi a greater of vaila sl ots.
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di scovery response for transmt data fromt|
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waj REged e WP B BT FRBee. B obend feanciisvict (110)
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second field including the request ID uniquely
(N1 béndeviige (A GO0 fivem paghethe iNgle dﬂ’/\éiﬂfy(lrl Bhigesived tble\nﬁWc,fhuﬁe lescovery
reshEW. route di scovery response pertains, athird field

PR 3icating an I D for the source device ( 110A), and a
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respANSe R ORR{P ¥RSBhENSw 60w fisresp Ff‘éiéefitsarkjir eater than a

request f

r espons efo?wfargﬁrtg;?g ruﬁéédtﬁd‘uﬁ%\% Fcﬁ%? 81ﬁ r;{)%t%ﬁ/@sg h’%ﬁiot}‘ig Nfh device
(110t the avilonh ddeice ¢El () HO)h ‘amlprbbneusﬂly ktotkelinake foulcli@formation

| ndi cated in the nem1r ute di scovery response is |less
mbeﬁgﬁﬁﬁdﬁB%ﬂ@dﬁﬁWe@ﬁWﬁ% §9reaching the destination

device (HOD) that is currently stored in the route

i nformati on tabl e,updating the route information table

at iheThﬁhwdedbéebﬁniQOmﬂh@wsenﬂmhmw@hmnQhﬂhwahu@nﬂaofﬂw

reqﬁ t he destinationtdevt 3%%> é L e Vi ce d
ney TQUfe1SeQy CHECSRRIF 1%t EFE R (et edpes gﬁorﬁ‘e&r\‘i‘i)élw Y h&eve
rouM iﬁs&ﬁ\ﬁ;ﬁr@sﬁonael Qhd ancthé H@nﬁ&aiﬂm?i b8t @Bstib device

hat was received in the new route di scovery response,

(1 1QE’61 ali(bﬂ@é\’th davicp(F1§) indicaeadtin desionte discp@yrytresnoasc nphless than a

Vi
v G0} B SEHG5 EPh OGIRIAR: P 35 S i
romdhaﬁmhhnd@umﬁg ( 110) received the new route discovery
response, incrementing the nunber of hops in the first
fi eihdcaéihngiila@ Ii%f%ltedilé%qy@é/rrysw%e;trié%NEiydf‘cyif@ @0updat e
the new route di scovery request, and forwarding the
updat ed new route di scovery response fromthe Nh
deviZz.eTle thethpdtod clahe 10Nvhrtin thewévwe eorte dikO)vemhiesponsaslso
i nformation

inc L{gg%/ Iﬁgﬂ’?\%/lﬂ t;g%g%é agjt Fec(grggg E)v it@gs priority shoul(tl %g lgleven (t)or routes

which have a greater number of available slots.

13. The method of claim 10, wherein the route discovery response also includes a
fourth field indicating a residual medium time available at a device (110) in the route that

has a fewest residual number of slots available.

14. The method of claim 13, further comprising when: (1) the request ID of the
new route discovery response is the same as a request ID for a previously received route
discovery response, (2) the residual medium time of the new route discovery response is

less than a residual medium time for the previous route discovery response having the same



11. The nmethod of claim 10, further conprising when:
(1) the request ID of the new route di scovery response
WO 200Ma2sseyt eat er than a request |ID for a previ oRGI/IB2007/051602
recei ved route di scovery response, and (2) the nunber
of hops between the destinatiton device (HOD) and the
Nt h_devi ce 110 .ndicated in th route is very.
requesd H3 s dhe n:?“h@ﬂl 9 HEOVEHARSPRN o B¢ bUrke ban %Florlty flag of the
nevg E@?‘g Eftglgoyvteg}frgr Red ié %%Ie{ %ﬁlrcgﬁ%{éeﬁl%é or ma! ts%&(}%& tb ggwen to routes which
hawti ssgraatei mgnianef aeanlablsisiags,di scovery response at the Nth
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of slots available. 14. The nethod of claim13,
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Ieadmagdmewyﬂnebpmméﬁﬂwé set indicating that priority
shoul d be given to routes which have a greater nunber
of avail able slots, updating the route information

tabi g @ﬁeﬁlemo%mcﬁﬁﬁmﬁm%eﬁa&ﬁ pristhgset a hop count
val ue to reach the destlnatlon device (HOD) fromthe

Nt hregeiyingeat theidegtinationtslevieg (BlI0D) ¢t an #, icedfl 1 fgpsscond route
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devdtss(@0VBY, Yhd @sphiRitc dRdvis ﬁ@ﬁesaiﬁclulamfgahe aftnextd teMidig a
( 110) to reach the destination device (HOD) fromthe
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the route |nfornat|on table for

16. In a wireless communication network (300) comprising a plurality of devices
(110), a method of discovering a route for transmitting data from a source device (110A) to
a destination device (110D) via multi-hop relay, the method comprising:

receiving at the destination device (110D) a route discovery request for
transmitting data from the source device (110A) to the destination device (110D), the route
discovery request including at least: a first field indicating a hop-count limit, a second field
indicating a number of slots, X, required for transmitting the data, a third field indicating a

number of hops from the source device (110A) to the destination device (110D), a fourth



reaching the source device ( 110A). 15. The nethod of
claim?7, further conprising: receiving at the
wa@le®riiest4 on device (HOD) at an Nth device ( 1BO)/IB007/051602
second route discovery request for transmtting data
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the second route discovery request. 16. In a wireless
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devw@en {Hd@Qtirtakiah dwese (180Pi) desh riof hiveeat 1@ist & sditsso.ailhly,
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dispadipn thwouissliscoueyaequest ( 110A) from the destination
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18. The method of claim 17, wherein the route discovery request also includes a
seventh field indicating a residual medium time available at a device (110) in the route that
has a fewest residual number of slots available, and wherein the route discovery response
also includes a fourth field indicating a residual medium time available at a device (110) in
the route that has a fewest residual number of slots available,

wherein the residual medium time of route discovery response is set equal to the

residual medium time of the route discovery request.



forwarding a route discovery response fromthe

destination device (HOD) to the Mh device ( 110) from
waokioch23se desti nation device (HOD) received tPE/IR00%051602

di scovery request, the route di scovery response

including at least: a first ¥ eld including the

request n tifying the route discovery
req %s?he%3§@98 HaFPégd%ﬁhﬁ“€ﬁHFﬁ@gfhe source device (
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countﬁnandmmhenonﬂewd@@ﬂﬂﬂahamuldEVK@bni$@ﬂMMdoes not

h t t | ot idable, di th t

0 scover YirbquEsE s Bdakbnd bRt S e SR es same
as 4 RQuEL YD For1kh EiBY @b0tc HREMRSY e%]%és@ 0N kdisiRB] AcdiaRtihébhsecond

priority flag indicating whe priority should be

rougyi diggpvery reauasess logsitiedn thmeéldalalgme@tl@rtlrn@ fesélc Gist route discovery
req%l%se,l arnggl[’»)gthg IbgltldSWId 101;1h[e gngto ﬁ% sgcon% rg < d%sZ:OveWh ?gcfulﬁﬁ is set

|scover reg SO |nclu

indidatth@ tHab pliti Grityy Ishgula be gsaed W@ koun@di hith haveea @’éﬁbﬂ ﬁbhl@er Rff aailable
device ( 110) in the route that has a fewest residua
sloffunber of slots available, and wherein the route

di scovery r eSQ 3% ﬂe%ufgqgoﬁgéoﬂag@% hL% cfe'sl%lla(?lon device (110D)

|nd|cat|ngar lumtine aval
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a ein th
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request.19. The nethod of claim18, furt
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St t e en the dest ion .
to Fissh 4 10 ) PRede¥lhe AL Ford Eiokina B liniedy &S R LRI Cyeivd
thetsg@)nﬁqgwgﬁscb&g@frecﬁlgg second route discovery request
is the sane as request ID for the first route

di scovery r eqﬁ%@/ﬂr difgy segon@HiugudbCaYs igpponserEromfthe destination
dev%ceec(ﬁEng Ruhe P% E V?C rl?(g;f%ﬁﬁ W 1cﬂ ldgsstﬁlta{lgr?gewpe (91 10D) received

nedi un t 7't ot di scov

therreary eiscovear eequdyt, ﬂhb 8cdoad dowtel Hﬂcher fdsponst idgudifig ‘aﬂ‘least a first
second, route discovery request is set indicating

t hat
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wherein the residual medium time of second route discovery

response is set equal to the residual medium time of the second route discovery request,
and

when the request ID of the second route discovery request is the same as a
request ID for the first route discovery request, and at least one of (1) a residual medium
time of second route discovery request is not less than the residual medium time for the
first route discovery request, and (2) the bandwidth priority flag of the second route
discovery request is reset indicating that priority should not be given to routes which have

a greater number of available slots, discarding the second route discovery request, and



device (HOD) that was received in the second route
di scovery request, and to set an ID for a next device
W@ 201035510 reach the source device ( 110A) fr oPCT/IB2007/051602
destination device (HOD) to match an ID for a Pth
device ( 110) from which thel%desti nati on device (HOD)

recei ve e seco dro i scovery request
for w&%ﬁmgg@e@% EVIFOLH §DS Aacsdine Fgweraéi%hé’ alofs ayilee
dlsgﬁ&hgﬁﬁéée@&djﬁ)ﬂeccﬁsc(o re&&s{ he Pth device ( 110) from
whi the destination device ( 110D) received the
route discovery request, the second route discovery
response including at least: a first field indicating
a residual nediumtine available at a device ( 110) in
the route that has a fewest residual nunber of slots
avai |l abl e, a second field including the request 1D
uni quely identifying the route discovery request, a
third field indicating the source device ( 110A), a
fourth field indicating the destination device (HOD),
and a hop count field having an initialized hop count,
wherein the residual nmediumtinme of second route
di scovery response is set equal to the residual nedium
time of the second route di scovery request, and when
the request I D of the second route di scovery request
is the sane as a request ID for the first route
di scovery request, and at |east one of (1) a residua
medium tine of second route di scovery request is not
| ess than the residual nmediumtinme for the first route
di scovery request, and (2) the bandwidth priority flag
of the second route discovery request is reset
i ndicating that priority should not be given to routes
whi ch have a greater nunber of avail able slots,
di scardi ng the second route discovery request, andwhen
the destination device (HOD) does not have at |east X
sl ots avail able, discarding the second route discovery
request.



