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1 METHOD OF DISCOVERING AN AD-HOC ON-DEMAND DISTANCE
VECTOR ROUTE HAVING AT LEAST A MINIMUM SET OF AVAILABLE
RESOURCES IN A DISTRIBUTED WIRELESS COMMUNICATIONS
NETWORK 5 This invention pertains to the field of wireless communication
networks, and more particularly to a method for discovering a route for
multi-hop transmission between a source device and a destination device in a
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technology. For example, the WIMEDIA(r) MAC o
There continues to be a proliferation of wireless communications networks. For

example, the FCC has proposed to allow unlicensed radio transmitters to operate within the
broadcast television spectrum at locations where one or more of the allocated terrestrial
television channels are not being used, so long as such unlicensed transmitters include
safeguards that insure no interference with the reception of licensed terrestrial television
signals. Various organizations developed ultrawideband (UWB) wireless communication
technologies to take advantage of permitted unlicensed wireless device operations in
licensed frequency bands.

In particular, the WIMEDIA® Alliance has developed specifications for wireless
networks based upon UWB technology. For example, the WIMEDIA® MAC
specification provides a fully distributed medium access control (MAC) protocol to support
high-speed single-hop transmission between devices that are located in the vicinity of each
other, e.g., so-called personal area networks (PANs). Meanwhile, in December 2005, the
European Computer Manufacturer’s Association (ECMA) published ECMA-368: “High
Rate Ultra Wideband PHY and MAC Standard” specifying an ultra wideband physical
layer (PHY) and distributed MAC sublayer 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 anode. 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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specification provides a fully distributed medium access control (MAC)
protocol to support high-speed single-hop transmission between devices that
are located in the vicinity of each other, £.9., so-called personal area
networks (PANs). Meanwhile, in December 2005, the European Computer
Manufacturer's Association (ECMA) published ECMA-368: "High 25 Rate
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device to a destination device via multi-hop relay is provided. The method includes
broadcasting from the source device a route discovery request for transmitting data 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 transmitting the
data, a third field indicating an ID for the source device, and a fourth field indicating an ID
for the destination device. The method also includes receiving at the source device a route
discovery response indicating a route from the source device to the destination device. The
route discovery response includes at least a first field indicating a number of hops between
the source device and the destination device.
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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150f a distance for direct wireless transmission. It would also be desirable to
provide such a method that supports high data transmission rates and
spectrum efficiency. In one 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
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relay 1s provided. The method includes receiving at an Nth device a route
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received t request, and determining whe
X, required for transmitting the data, a third field indicating a number of hops from the

source device to the destination device, a fourth field including a request ID uniquely
identifying the route discovery request, a fifth field indicating the source device, and a
sixth field indicating the destination device. The method further includes updating a route
information table at the destination device to set a hop count value to reach the source
device from the destination device to be equal to the number of hops from the source
device to the destination device that was received in the route discovery request, and to set
an ID for a next device to reach the source device from the destination device to match an
ID for an Mth 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 Mth device from which the

destination device received the route discovery request, the route discovery response
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10 Nth device has at least 2X slots available. When the Nth device has at
least 2X slots available, the method includes incrementing the number of
hops in the fourth field of the route discqyery request by one to update the
route discovery request, and broadcasting the updated route discovery
request from the Nth device. When the Nth device does not have at least 2X
siBetvdingipidsasticir thbels dnel i lierpaeerldetyriaisbaldrdd MiBgNE faHKer
agiResiery HBQuIRY eI dITialMIfEERmMGONe RuunicaldoRRd) ARk eAMMIRTISHAgRhe
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fQfidtansgnitting data from the source device to the destination device. The
route discovery request includes at 20least a first field indicating a hop-count
limit, a second field indicating a number of slots, X, required for transmitting
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slots ava the route discovery request is _
below could also be applied in the case of other distributed access networks using

reservation-based protocols, and even through a wired backbone. Of course, the scope of
the invention is defined by the claims appended hereto, and is not limited by the particular
embodiments described below.

Furthermore, 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
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.
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5discarded. FIG. 1 graphically illustrates a wireless communication network;
FIGs. 2a-2d illustrate a route discovery method in a distributed access
wireless communication network using gn ad-hoc, on-demand distance
vector protocol; 10FIGs. 3a-3e illustrate another route discovery method in a
distributed access wireless communication network using an ad-hoc,
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fipdstsvatiitinsthe: thsabféamRScope of this disclosure, and throughout the description to

follow it is assumed that a mechanism is provided to make such resource reservations once
an optimal route based on the source device’s desired metrics is determined.

Thus the description to follow focuses on route/path discovery through a distributed
access wireless communication network.

FIGs. 2a-2d illustrate a method of route discovery in a distributed access wireless
communication network 200 using an ad-hoc, on-demand distance vector (AODV)
protocol. In FIG. 2a 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 set of three 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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5 With this in mind, we now describe methods by which a source device
that is remotely located from a destination device in a distributed access
wireless personal area network (PAN) ig;able to discover a relay route
through various intermediate devices of the network to transmit data to the
destination device at a desired data transmission rate 5(bandwidth). As
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device 110A broadcasts a route discovery request (RREQ) to 25 locate a
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Table of source device 110A, then source device 110A broadcasts a route discovery
request (RREQ). A RREQ may be instantiated as an IE having a plurality of fields.
Beneficially, a RREQ includes at least a first field indicating a hop-count limit, a second
field indicating a number of hops between the source device and the current device, a third
field including a request ID uniquely identifying the route discovery request, a fourth field
indicating an ID for the source device, and a fifth field indicating an ID for the destination
device. Other fields may be included, and 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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30including 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 6 second

roup
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to reac e e other devices 110 in communication network
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source device 110A broadcasts a route discovery request (RREQ). A RREQ

rﬁ%ﬁ?% instantiated as an IE having a plurality of fields. Beneficially, a RREQ
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ey fmag ﬂé&%‘&?ﬁfe 9HIBS RFPWESR QORI HEHIEa A AdNECUIERY < N <
M). A RREP may be instantiated as an IE having a plurality of fields. Beneficially, a
RREP includes a first field indicating a number of hops between the destination device and
the intermediate device, a second field including a request ID uniquely identifying the
route discovery request to which this response pertains, a third field indicating an 1D for
the source device, and a fourth field indicating an ID for the destination device. When
intermediate device 110 receives a RREP with newer information, either a new route
indicated by a larger Request ID, or a route with a smaller hop-count value, then
intermediate device 110 should: (1) update local routing information (i.e., 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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25field including a request ID uniquely identifying the route discovery request,
a fourth field indicating an ID for the source device, and a fifth field indicating
an ID for the destination device. Other figlds may be included, and 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 118 %R48 BREIRRHEIEHEAHIPI B8 FEREBRF&AE BB AR eRRe
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110D) receive RREQ and RREP routing messages. Beneficially, route
dSMOLR icbRieg &ffRsed B MFRYIE at all devices 110 in network 100
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arhigst field indicating a number of hops between the destination device and

As in the case of the embodiment of FIGs. 2a-2d, the operations of the enhanced
AODV routing protocol of FIGs 3a-3e vary with the role that a device 110 plays. These
operations depend on whether the device is (1) a source device that initiates a route
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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the intermediate device, a second field including a request ID uniquely
identifying the route discovery request to which this response pertains, a third
field indicating an 1D for 25the source dgyice, and a fourth field indicating an
ID for the destination device. When intermediate device 110 receives a
RREP with newer information, either a new route indicated by a larger

RutRReEOfS! a6t @’%ﬁké’”‘é\hﬁﬁ%%&?@%éﬁ%Uﬁﬁ%l&%oﬂrﬁ@mu RRuFRsSigi4ee 110A
d@vcu@mﬂaax%ﬁm@uicb 11(»Ip¢atsesig¢§idwutlnguef®m@@o@ ﬁhe gmr@eﬂlekm as

destinati ndewce 110D) in.its Route |nfor nTa cr t
R B e R R R R S SR B B AR e
smcew@lmeesMOsﬁda\slmglllQAobatamﬂm@nmmmlﬂanctetitwﬁe:td)efsasm thage a

péﬁmeiléﬁ%ﬁﬁﬁﬁeW@Pa\%Fi&)% SIS PREES rﬁrgué%bﬂrtcl‘ﬁéjt‘f‘e\é'i?&i FArafmiss NfSOSmce

when destination device 110D receives a RREQ, it should: (1) update local

réfUiARBEHAG SREmER! G EOF dveards ‘l*}‘?IBt%EsQ)dFé‘é"@éfﬁé\é’ai‘i@A? Fﬁtﬁgﬂ%é\%term'”a'

Infyo Rt T3k lghaktd 2héephnwid. @ﬁﬁﬁ&a@wwﬁ@hwmez&%a@s&mu
e RREP sh uId includ

hich d liz
N bt Db Tt e i e e
oanahblaangedweqhed;t $EX, oé prerdindjae devieth drabcorsists nely mﬁutkermdnmmg
offgred M@Eth?nr?ﬁﬁ’oé&sﬁestma&ww%b%5‘%%%90@%?(?{ § KRBEP to

permit route discovery by source device 110A of a m p relay route with

alHRFTRRIAC KIS ebLHE veBled m@ﬂ@%?éiw&@th@@é%f@é%mw&%&@ WiHeh
r@sigehag syﬁ@wuﬁﬁswe@aiommmﬁté}h@dﬁ@rmud@nqaﬁtr@mmﬁmon

rate or width. That is, the me escr e with respect to FIG
P D B RV L ARG SR i ) PR e
asressglets Befaitadiénall e ac i ke ieatth R curahenitattifloop indayedete for
SRR MR I SR AL
did@dyuRthfcpatggliscovered in FIG. 3a-3d is 110A-110G-110E-110D, WhICh is different
than the route discovered in FIGs. 2a-2d, BUT which is assured to have sufficient
resources (slots) to support the desired data transmission rate or bandwidth. The reason the
route is different is because device 110F which forms part of the route in FIGs. 2a-2d did
not have enough slots to support the desired transmission rate, and so it was bypassed in
FIGs. 3a-3e.

Compared to the operation of the communication network 200 described above,
source device 110A in communication network 300 includes at least one additional field in
the RREQ message when it is broadcast. The additional field identifies a number of
medium access slots (MAS), X, that are needed for transmission of data at the desired data
rate, or bandwidth, from source device 110A to destination device 110D. This field will be
used, as explained in 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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15 wireless communication network 300 using an ad-hoc, on-demand
distance vector protocol. The method described below with respect to FIGs.
3a-3e provides the ability to weed out" sgutes from source device 110A to
destination device 110D that are incapable of supporting a desired data
transmission rate or bandwidth. In other words, the method illustrated in

Fietite Bamseoietievier AL BACA Mentssert Beirics SEdBabhan fiBWRShreaicAatauePer
26x tostelataitsprs MissiRNtHio Ml ROIdepE il \tieerdsl QA todpsiinatio avdpmiteal 2D

has sufficient ayailable medja access slot AS) to forward the trapsmissio
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2devide this oyl etiomsabTethin enadeietl BedD\AasdlriRGBEDtozsohas i Csvauwasl
v h%‘é@ébié@%f@'t_% Haerc@l PRYIGR fLRIRARALCERMERANRFRIPLS HERSRY. ON

whether the device is (1) a source device that initiates a route discovery, (2)
aH MR s R REQ it g AN RIQadsasiRY SeuLRRviceot10f) dhgdaeridmime

devifigdnatrepiasdhs iniia MSGONEIhESAURST AR ABIMATE B thlium time
devices 11(r)H Jﬁerffrm virious ogaera@ions as déﬁscribﬁd above in.networ

200
(WRICREAAREAEY BE MY e At HERL SRR X NG 51 W;}B‘Fg'é‘%é'|’|“§§“£‘éﬂg’ﬁi8%? a
opexatiomsvdsavbiablsalomg BeInuRIGer 8hbsoussiytkelicet el ididorbartizaistere the

r%lfﬁdjliﬁ%%@%xr@@fégfﬁ.ﬁg%gf&@ﬁ%%&wﬁéma SQpLedP ESRRD) medium

destination device EQ from source device 110A is received by

alifnetshpulipPe sekaediAtdiarse VAR o iKuei AR aris ipridat eivimdime,
148 irRevBlReviRlpinerde detrilBRiRYine RERRR:SPRIIEER0R-BIMNIVATe 9

CENE 5% Vi o DEHEE HTo B U B i e
thiee SAREE alsoElCaIRbirdude sdidde cheisatiey tecegitthhmetemboiatedeiclag.

LL0F dqge NN AN iR G RUIRAENAR OB RHERR A RS o0

because intermediate device 110F not have a 5sufficient nu

akPARYSRe2B | BRERIRGFIENSUB ok YHESHElsa dra deauiaA Sanisansmitigcse data, then
intRsMmRrdiatedasiteingad bhHsHsssdMRRR ER: dhdadeaitfarmarishiRdiate device

e T R e el A R e B

irsitamtig diatertethmneedi(ed RREQ the second "set" and there is now a third "set"

b L L
RREP that includes the B flag and the field indicating a residual medium time available at
a device 110 in the route that has a fewest residual number of slots available, then
intermediate device 110 should operate as follows. When the B flag is set, indicating that
priority should be given to routes which have a greater number of available slots, then
intermediate device 110 should update the corresponding route entry in its Route
Information Table when the RREP has the same request ID as a previously 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, Y, 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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intermediate device 110E, while intermediate device 110C rebroadcasts the
RREQ which is received by destination device 110D, and intermediate device
110F. Both destination device 110D, and intermediate device 110F discard
the RREQ since they have received the same request before. Finally, in FIG.
3e, the RREP is transmitted from intermediate 15terminal 110E, through

intermeW{AE8 HERHIAGPN 81ise A ROf COBBENISHHOn NEW BT 3R AP %1 (FA 28 B RFL
pﬁdh. eiscaueregueth Soandanseisidd Hac XINMES1ZRE) bidkquitee ordiiariemig the
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bami\abtmforTWmasdaMhdmﬁ@Mﬂwm@md&éd@&se@bmw&&1D@wn&th>n
RS LRGN FRkiRi Lol R0 82 08 RORGE NAYS AP AVEAES I SHRP N

the desired transmission rate, and so it was bypassed in FIGs. 3a-3e

dbfiaresthe B%EQdé‘!FQﬂBhr%?pﬂﬁ@'BSmmumcatlon network 200 described
above, a0t GRNEAIERIAaLRA de\eeMIUImMsTalbeiiiaiveith d0EVHIRIBoRRadileast

o RS 1 R GO LT GHH A e SRR oA el o
atalgweed Bl fiortihearosi itsidraod tavestitetheu alosinslub deltal otsteyalabenthendth,
fr&@%ﬁ%ﬁ%e@%@%&é%ﬁm%ﬁéﬁé&@&%ﬁ&/vécw#e%e@ﬁaﬂ%%wkhBPcé{ﬁ@qhat

as explained in detail below, to insure that only those routes hav%ﬁ sufficient

b@W&chﬁ'PPHIﬂJ h‘?ﬁb\‘%‘f@\?ﬁﬂ@@l@@@tgy‘@t BYlEAtSHEwe 17 fqaiid £, dhen
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TFRREQ andl iR catban tingeitnepidoaltyn¢Bil fraignd Hrenewie iralicatediumthtiprevious

es a residual number of slots available at a device 110 in the current
10 route from source device 110A to the present device 110 that has a

fewest RERREINGbIISHISHT TR Averriecerine focHrsarierideaysruhiespect to

resichiahegis etimeodvajlablaaldhatcihekeiRaial Hovtsupt ase vtme kithasdium

r%'c% sgqs étetlfrrr?en;\}g}?aglg%rfca It ervrmgsaalllg%g%ﬁecrglrﬁg atutomatlc load balancing
throughout the communication network, and providing the flexibility to select a route with
the maximum residual available slots to provide margin for resources that may be
consumed between route discovery and medium time reservation.

While preferred embodiments are disclosed herein, many variations are possible
which remain within the concept and scope of the invention. Such variations would
become clear to one of ordinary skill in the art after inspection of the specification,
drawings and claims herein. The invention therefore is not to be restricted except within

the spirit and scope of the appended claims.



device. As will be explained in more detail below, as the RREQ message is
forwarded 5from device 110 to device 110, the residual medium time is
updated as necessary. However, when the RREQ is initially broadcast by
source device 110A, the medium time is initialized to reflect an initial medium
time value. In one embodiment, thé@Hin time may be reset to infinity. In
wanaetherrprelediment, the residual medium time may be set to a maximum
value available using the number of bits assigned for the field. Furthermore,
the 10B flag may be set (e.g., to "1") to indicate that a route having a greater
residtallmeedittesmashanitdtive seteot&d300 peeheprsthgae aaldytef dewvicsy €.10),
asidual : ) ) i o )
O D R SR
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fremahbkopreeatevas (0llonstobeastivatidildevisesgt, (DY datingttditquientyesponse

A A e R B e MR e
ang 1hs Aestiratipfaierisedh1PBble when the RREP has the same request ID as a
previously received RREP, but indicates a larger residual medium time than

was indicated in the previous RREP.  Furthermore, when an intermediate

device 115 BEROR AL AR o fH HBHVARBE feceives a RREQ, if the amount of
availabtatMé\ Srtord efontetine dible al ehdceutddevios (110A) to set a hop count value

to reach the destination device (110D) to be equal to the number of hops between the source
device (110A) and the destination device (110D) that was indicated by the route discovery
response, and to set an ID for a next device (110) to reach the destination device (110D) from
the source device (110A) to match an ID for a device (110) from which the source device

(110A) received the route discovery response.

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 1, further comprising receiving at the source device (110A) a
second route discovery response indicating a second route from the source device (110A) to
the destination device (110D), the second route discovery response indicating a greater

residual medium time than the first route discovery response.



30less than the residual medium time indicated in the received RREQ, then
intermediate device 110 also copies thg Y value into the residual medium
time field of the RREQ before forwarding it. 11 When destination device
110D of communication network 300 receives an RREQ having a new
request ID and indicating that XMAS (slots) are required for transmitting the

data gieﬂﬁgﬂm@mdj@wmrﬂwﬁam@wcmmﬁgith a RREP when it has at least

XMAS avajlable for.receiving data re from source devjce
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sdinen dbytn@dioAdevedesd IeReshod ldwipdatevby cspasponding route entry in
its Route Information Table when the RREQ has the same request ID as a
previously received RREQ, but indicates a larger residual medium time than

was idlBAuAraes SQMEVIDIGatos metvork (300hsABRESIAG HBRNEIIIY Of davieesti&00),
a ﬁﬁhmamﬂ@%@w@ﬁm@ﬁq BRRYRINHIR TREPRA tFURS d3AtR NS a

discover a route with th m|n|m | hgp-count and sufficient medium access
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resources that may’be consumed covery an um time

includipgeatdeast: a fikghifislpriarierdaceniioBdipHBHIS Y@ BReeNdSiRIcHBRiSALInA Arfyimber
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invention. Such variations would become clear to one, of ordinary skill in the

befeshdPs SOHSEASNIEh thiV &) aRTHIGIIR Ioxtiead IRYL LRl LiaRHA PR ARAUEHAD

uninuehialeritiBietpie ivmetdiecbecre sttjoter Efifte Pickdihiticating an 1D for the source
device (110A), and a sixth field indicating an ID for the destination device (110D);
updating a route information table at the Nth device (110) to set a hop count value to
reach the source device (110A) from the Nth 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 Nth device (110) has at least 2X slots available,
incrementing the number of hops in the fourth field of the route discovery
request by one to update the route discovery request, and
broadcasting the updated route discovery request from the Nth device (110);
and
when the Nth device (110) does not have at least 2X slots available, discarding the

route discovery request.



the spirit and scope of the appended claims. 12 CLAIMS What is claimed is:
1. In a wireless communication networ, (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: broadcasting from the source device (110A) a route
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redievedencil@A Yiared the destination device (110D). 2. The method of claim

1, further comprising: updating a route information table at the source
device (110A) to set a hop count value to reach the destination device (110D)
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re ponfse, nd to set an ID for a next device (110) to reach the destination

n %ﬁ&? (i‘i@@tﬂlﬁﬁlmsthe source device (110A) to match an ID for a device
(120) from which the source device (110A) received the route discovery
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further includes an initial médium time, and wherein the route discovery
respdReRivifiEladies Mikeevisa (1) mrRvaionls diseaigatasreararivtiisasavEintdiata
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available. 4. The method of claim 1, further comprising receiving at the.
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foPHiQY i¥sBRadd As/gven épyoutes which have a greater number of available
slots, updating a route information table at the source device (110A) to set a
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updating the route information table at the Nth device (110) to set a hop count
value to reach the destination device (110D) from the Nth device (110) to be equal to the
number of hops between the Nth device (110) and the destination device (110D) that was
received in the new route discovery response, and to set an ID for a next device (110) to reach
the destination device (110D) from the Nth device (110) to match an ID for an (N+1)th device

(110) from which the Nth device (110) received the new route discovery response,



6. In a wireless communication network (300) comprising a plurality of
devices (100), a method of discoveringza route for transmitting data from a
source device (110A) to a destination device (110D) via multi-hop relay, the

method comprising: receiving at an Nth device (1102 a route discovery
request for ParREMATERG ot FeshahleeBd i éee desidelf1af dig ey inisfe¥aRation

redieonseHyl 3Rb &b@af@ﬂi@muﬁ—! MisesiPptdniatima at least: a first field
indicating a ho limit, a second flel indicating a number of slots, X,
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