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METHOD OF RESERVI NG RESOURCES W TH A MAXI MUM DELAY

GUARANTEE FOR MULTI - HOP TRANSM SSI ON I N A DI STRI BUTED
WOABOESSSVY RELESS COVMUNI CATI ONS NETWORK Thi s | POEIB2001051601

pertains to the field of wireless comunication

networ ks, and nore particuladly to a nethod for

reserving resources for nulti-hop conmunicati on

bet ween a source device and a destination device in a

di SHE 0RO ARESER VINCRESOURRER G ff A GRS XM TRELAY

There continues to be a proliferation of wreless

conmuni cat i@XAARAN T KOR Mol 18x3OP TR ANBEIFTIONas

SRS IS TR BT B S AE G COMERAE TS Y Ework

| ocati ons where one or nore of the allocated

terrestrial television channels are not being used, so

| ong as such unlicensed transnmitters include

> A DB PR EORBMt Wy mors
par¥aiilb@yifo DY Zed icSdtsind eyRuULRS mruharﬁawp@ebmlc(auwbetween a

wi rel ess conmuni cati on technol ogi es to take advant age
sougee draiGei and adlesiiiation dewge i # diseidgted agress Waiskasa eoramynications
nd&rﬁgnsed frequency bands. In particular, the

DI A(r) Alliance has devel oped specifications for
wi rel ess networks based upon UWB technol ogy. For

exa the WNMNEDI A(r). MAC speci fication. provides
ful Eﬁera CORHNUSH FRbE HRWifTRER %fp T BiHCPBIMYIIAREPNHR WB@iﬁi For

ex 1S YR RPPEE lﬁk gfbgéﬁeg@gtagb@glnﬁcﬂggd I'ard?dqﬁ’msﬁﬁﬂté}@ t@ﬁﬁé{‘ﬁg Rvithin the

vi‘ces that in the vicinity of eac
brocatld:ver teleisgpn, spsoFwalat bdatpmrs sdwal omraanare bivdekadlo¢ReNE)restrial

th
el Qlentcts PRI BE T TE Of Kinecmy D R ERd SRS pgiactude
safcdiafly thatifsukd b mrdfdaRand RN rérptid st 1%@%&%&&%1311 telgwsmn

speci fying an ultra w deband physical |ayer
sigailst Vabensetsviationbileneéapcfl ottraavinehghd §P8Ee), wistlesstcommunication

di ut ed cess | ess . net
tecfmorig%l {0 tsk c%fmta% erm1t‘(rf\gl n?lcensed W)&rsey\‘s)s gedvuhe opega% ns n

I'nc por RRE evli'ces. use
licshgad fréqueAcybaids el ess netvvork may al so be referred to
as a termnal or a no as used herein,

wi r B eEcHE: W@rWIME%é%AH@n%W deyeleped mrlﬁaatm dargwireless
net¥R3R ﬁaQegdtf Lgﬁ nd U t%gﬁﬁoﬁ%gt GRPLLAhMIE the W@E#@@'Mﬂc

mast er n, etc gover ‘or contro
specification provides a fully distributed rnedlurn 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 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 reservation-based data transfer

protocol) of the wireless network by the other devices in the network.
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access to the conmunication resources (e.g., tine
slots in a reservation-based data transfer protocol)
w@Roowhessw r el ess network by the ot her devi ces POT/IBR807/051601
net wor k. However, due to the regulatory restriction on
transm ssion pomer the tran&m ssi on range of devices
usi ng the urre %EDIA ry MACis limted, and
decHeusxg: qtﬁ t thFgP mé%sgl%lpntoﬁéraEWESﬁ@Blpower the transmission
ranbé @f‘&@lée% 'u@ fﬂ?é &u‘re’ﬁ? W:IMEM@ ’Mﬁé% h&lt%{i and @e&%hﬁ%g with any
ange limtafrions, In sonme cases it IS not possi b
incfease ofntbe thsuzaétramsnasmrr elte sAcqoedisglyaducap émnsreiswon kange

. (PA to transm.t. data t ot her, device in the sa
iy 18 Sorer S i3 b0 SOAS Y s fodsin yrdebarapan a5y
neth@fk @8 toWandmHidatadh aRothéitcRIReR AR nclWistk §f thBewd Wvices

devi ces may be cl oser together, transm ssion may be

arembsr@pftﬂyesepmted@m t90 ateat isteinctatln oflver egses, Hkiweéfvéﬂle two devices
catl ans

e By B iBe o o PRy i DR bE PO IR 1S ablodBd iy
Hofveosn ﬁh@fe’hr@h hembbyofapplictiohs GhBte 1dwsﬁ1améeug H@sufableefor devices

to send and receive data to and from each
thah@r@ mepotght lgc#ted fremigaglhotherby gy ,g}‘ggyftcg@p déyalgqeéo be able to send and

(0] { \Y

roc BB e RoRQUER ol WA B BRcl [fEn SR BRSed bt o
trapfmitsi@nsowdrtlinnigatidat an theakevione device to another deV|ce

in a distrjbuted | ess, network even if the
devieeyd léllgL}’ 1@%@ 595@3%&? Rteidafmetgd of brdorgfimg data from

onéjii&tl&r{s %nétﬁér &Ev'fc%% a%s&ﬁﬂ)ﬁé@wﬁrﬁﬁﬁssﬁgtééfk% n lltthtg?% Hevices are

desirable to provide suc net h o
physigppsesratedhy dm)tgtea't oéasintast dor dirtesiraas tsqmsmissimm It would

s 8 AR ot BB RaP SRR ER R B R R B and
speframsi&sa9n 1f %ﬁﬂdqﬁﬁh&%etd%m%‘i’é @eprbﬂd@ a @hetidd dTUtReving
access W rél ess conmmuni cati ons network In one aspect

respirogsHier mwthep tANsiipsien Gomrisnice 4 Honcaiatamiptkibuted access wireless

cmnnﬁgﬁ&%hEngmﬁ%ural'ty of devi ces conmuni cati ng usi ng
a reservation-based data transfer protocol having a

SUPBT dricd¥Pedt @ el ifvdgion, iRlaWoalnhinycadibn ab@osk cémpEdin@d plurality
of reserving X slaots for transmtting data froma
of deyifics comBYINEEting uEng @ seEAtPTRawE vradrapsiar pigtadol hvpng a
I
sureft e Lo 5 i 5 A6 T PHAclHE o RS AREESS for budibliving
datadidnes sadcd devicese ca@iestudeum devick ¥ih emuimhop relay isheovided. The
[ [ [ for trapsmttin a fromthe

est i nati on evi
megf@ ﬁ%ﬁ‘é ng 6%%%‘0%%3?’1’%3?1? @ﬂusségﬁ%t cPpcs fgdee. gedyessed
to a[ §REhY @e\hé@"dlff@féﬁﬁﬁ@)m' tg@ Hes'tltlét?o% (Iet&fcesf‘?)llJ 'ﬁ%ﬁ‘srﬁ@tﬁigc@a’ta B8 the

destination device, and pr opose slots to
souressdavicedo fthr deatnflatmtdehmp The first hop reservation request identifies the

source device, the destination device, and X proposed slots to be reserved for a first hop
between the source device and the second device. The method also includes, at the source
device, receiving a first message, addressed to the source device from the second device,
indicating that the first hop reservation request is pending and that the X slots proposed by
the source device have been reserved by the second device. The method further includes,
at the source device, receiving a subsequent message, addressed to the source device from
the second device, indicating that a final hop reservation request has been accepted by the

destination device, corresponding to the first hop reservation request of the source device.
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bet ween the source device and the second device. The

nmet hod al so i ncludes, at the source device, receiving
w@2dornstsiressage, addressed to the source devi PEI/iB200m051601

t he second device, indicating that the first hop

reservation request is pendidg and that the X slots

pro osegﬁgy th urce devi.ce have been reserved by

t he'ls aﬂ?ﬁ e HFYENHRIL HbY CWHWH’@P“‘?’%%WH%%COHH%“SF}%‘

plu fgﬁ SE4ABMs %@mn{u‘ﬁ?c%hﬂé ﬁgnga%’s*élsv%ﬂl’h? Bhscd&B &AL s er protocol having
addressed to the source device fromthe second QV|ce,

asmmmﬁmn@cmgpmma;aahﬁﬂnabfﬁob 1 epthodatf irowrviegslestfohtassmitting

en acce y the destinat.ion de orrespand

dorg FOPESF R fvirgiio paBaiiabs S eactiiaph ey baupossd. e

metRYiif@udR réRptiReht MSPACeviel ak e- 1) M‘h%?tréééﬁvatlbﬂ réuest for
conmuni cati on network conprising a urality of

tranpaviting slateoiienn isertcr dgvies fongdestinetinardeatae oir pakiebPristey. The

resérv rﬂosl{ r%gueo ?(fetolf ﬁff‘s tﬁg\s%ur} ?evgéjep fnr :c{eeg’tgrfa&lﬁﬁggs St 39 %roposed

slotsrtabs fastivied) Gorchat @/- f)ﬁ@ﬁ@}ﬁb&@blétﬁaﬁl @eyjk gertiee @nd the th device. The
destination device via nulti-hop relay is provid

methed ipgledes dwhecthe deropesed slotsg bétresgﬁvemtfﬁr @é\deéfhéWP arc available
at tﬁé\'ﬁﬂ) §&ido Praﬁs%@ﬁ{n‘gaé ﬂl%a%eeg&ﬁ%e Nor dévicgnédﬁrésfséd% HAVR 1)eh

roma source device to esti nation device Vi
devind, trididaoipg tiedt &e. reddreatioasequeat is pendirgjuebthai e Atsldts poposed by

thetp(&glag%%a?% s b TR edinr DAt B gﬁiﬁg@enﬂf%n%d&h hop
res@QLNGER g ARt D] the Wtﬂ@é@l&e a@(ﬁgssw‘?o s {N dgy (fe%we-rﬁ)? transmitting

met hod 1'ncl udes, when thé proposed ots to be
therdeefrare thef &quehbw(cwd Yehlcktoptian dedvaithalihehoptrescnentinh equest

., de trans age from,the Nt h,devi ,

ide RS e SORRS Thale R 4o iaiRh BRutt A aioPhad ol S Bgeserved

foraf 8% Yiap bé’cﬂzeé@ﬂié%h desic® endihegnangds dbdte, iR refn #leot Slots
proposeg@g%ithe (N-1)th device have been reserved by

provh@dmwﬁ devicedn de sesarticd dorthe N hoppredélerentftarp the X slots
BTG ! A2 AR A0 05K BTG R, YDskdd o

inctiees, Gehchahd ®rappséd etk it®be e8ivee fortthe NN )14 hop are not avallable at
reservati on request identifying the source device,

thed\gétdpwa%ut@ﬁsramylil&@ m%ﬁﬁ%ge)ﬁ%}i diso¥bdiciceagdiasseddo the (N 1 ) <
de\{lﬁ?ﬁd;{%ﬁgé%t% Bﬁrt ¥‘§§rdf>ﬁ1@&3 Nt h device and the

Vi ce erein ots proposed by the
Nt h device to be reserved for the Nth hop are

dif ent fro e X slots pr osed

dev?ﬁté e grapfuc %’s@W@ﬁesfaoW? Ires ‘%@W‘)‘I}l lﬁaﬁle&"’ﬂﬁ met hod
al spyq;. @ih‘d% one \éﬁ%ﬂdﬂnﬁﬁt Of PRRICHR! 19P&mhﬁorpaeﬁ1€§t9(ﬁ]¥)9d
for the (N-1)th hop are not available at the

devFKe,3 illustreses sotriereyamples 9§ eyl tof-ershmu iehdyk Ihsmtwlomelegotlation in

qure%sed to the (N-1)th device, indicating that the
meL WU TRy RO %equest is deni ed.

FIG. 4 is a flowchart illustrating a method of reserving X slots for transmitting data
from a source device to a destination device via multi-hop relay;

FIG. 5 illustrates steps performed by an Nt device, in the multi-hop relay having a
total of M devices, where 2 < N < M,

FIG. 6 illustrates some examples of coordinated MAS allocations for multi-hop

transmission using superframes.
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FIG 1 graphically illustrates a w reless
communi cation network; FIG 2 shows one enbodi nent of
W@200e8255DRP | nformation element (1E); FIG 3 PCT/IB2007/051601
illustrates sone exanples of end-to-end nulti-hop
reservati on negotiation in nmdsh wireless network; FIG
4 is a flowhart illustrating a nethod of reserving X
slots for transmitting data froma source device to a
deswm@tdaﬂﬂusd;?r chftedVdrd Bl oPaR rﬁ&h@d/s’ anlilsGtems described below
illustrates steps perfornmed by an Nth devicte, in the
canrhd apiplibd 7 earwyy bsanmuz catmngly stofmh) fOedlmEsuomMmp@thhe
<M FLG, 6 illystrates so xa | es of cordlnted
ex R Pt DTy MEE onepef KRB s T SBBeRgeT Wikloss
corMBRIChl AHREwYI bBerand Qe richRgibRIbeSdanéribaed HERSs tocols
the nethods and systens descri bed bel ow can be app

t o Moyapirgeylady, thopranmileatcnhedayentedascripaskbelow pertain a
WIM]%IFTS%(I_{) %érgg%arlﬁ [,R2R vgoSrFL 2_%(‘;’%)?’(] gme%%hggba%gltg%%éque? Ses%%ed

belmroahﬁs@&sodwappnb@aiﬂhe BasRei \oeHck disafbRral dcoghs Wetworks usmg
reservation-based distributed access protocols.

resgrartiqrc basad piptoqokie ardk RSl thiopk apdtAdRakong e &% savew: o the scope of
eGP o) STk RECREOR) L R B9RS pricua
emboﬂlhxdntaldssnribedhplpm ed in the case of other distributed

acc etvvork usi ng reservation-base rot ocol s, and
eve f‘hf?@d@ Rind. G Bt HaxeRBs Asthods by aﬂvgwe evigse that gisacgptely
1005‘['3@ floBY &ith Io@fer iSa RIHIMRY R¥esk RErctdsdhBRoRRRRAGRAvork (PAN) are

hereto, and is not limted by the particular
able bsroid mpd teciiesiori thedd fehosech Wittch at dritsratas thatrads notdinmteg by the

ib t hods b d tel
o SR et SRR PrRerd S Sy i The B et il oY
Wi r 8k @8seriBed 586! inddr8a: t0 ShiresK tHRANSmakRna R Wwiklcseind
and receive data to and from each other at data rates
magriining speatiom ¢ffigicned(iisy using advgltsi ransraission ratc), a mesh-enabled
t t
e RL R BOBRSC B BRORed LSRR B g et

nettvoBNE@NS )ik @skeh@dlyea mhlt-Bors distdibut@l PANI withghrapestica hat
efficiency (i a hi gher transm ssion rate), a

re %@ﬁw'@ﬁaf@lnéf‘é (H%Pﬁﬁm%g@ﬁ% thARAFIbOIMAC) protocol is

P ot AER BT 3508k, RTEIN fry g 0

inchxdﬂ% a:ipluradngsoﬁ dearices 110. In this case, mesh-enable devices 110B and 110C

may relay a frame originated from source device 110A to its destination device 110D,
which is unreachable by device 110A via a single-hop transmission.

Two important mechanisms, namely route/path discovery and multi-hop medium
time reservation, are needed to implement a mesh PAN. Route/path discovery is not the
subject the scope of this disclosure, and throughout the description to follow it is assumed
that an optimal route based on the source device’s desired metrics has already been
determined.

The description to follow focuses instead on multi-hop medium time reservation.
As the Distributed Reservation Protocol (DRP) in the current WIMEDIA® MAC
specification enables a reservation-based transmission for delay-sensitive application,

beneficially a similar mechanism should also be provided in a multi hop environment. This
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relay/forward frames (packets) of data for their

nei ghbors. For exanple, FIG 1 graphically illustrates
W@20711245¢5s conmuni cati on network 100 i ncl udi NBCHIB2007/051601

plurality of devices 110. In this case, nesh-enable

devi ces HOB and HOC may relay a frame originated from

sour evice 11 to its destinatlon devi ce

reaRRFCHak EVicRT R QopRp 1QutFite DT ewRYS thy Same Phaﬁéiﬁwmount of

t ,
AR S0 1 T B AR 7B TP i

to qhessr thaM AR in suck anesyttedninonizeplidtrem delagwstodagdd by multi-hop
) outgafath di scovery is not the subject the scope of
TS scl osure, and throughout the description to

f ol hewsriiingys a R8SUABE B, AibvPREERBliod RYtRoP@SRH®R herein as

the sourcé device's desired metrics has al ready been

“Mgeht BREi"hie rrovidsl td@déﬁesqotﬂlﬁwwp@mbiﬁm@m%@bwége pilcgnBRP is to
ena%lpe aglu el: Y t{)egﬁ ned?urﬁm te' re o%ra t%ﬂ.:.}}o/'\én }‘% ?ee ”lc“:ou achleve this, the

eserva

fol MWMEDIcAGEs aMAST oS RRE | f| catl on enabl es a

reservation-based transn1SS|on for del ay-sensitive

appllG@ 2t shews ope gebpdiment 9f aMephPDRE Infaspiton lemspdlEH200 that
maglbg iR PY t('eg é%eg%ln lc pﬁporgeﬁi\eéh ‘r’-t:)gqed%(frce in the ereless

hlsreqU|res t vices sen route
corhrhjinicatser neewbdithel (9arhcdE 290ﬁsf dlmdednntamwml fmdsnmdludmg an

EIGTErE nldh iaégﬁgf H{a b Pyl R e e st BlpvAdr field.
Singé! ﬁﬁl@pleés Qr QbY1ELY ASh A Lhd @R Futd ﬁeQMle%cf 19‘1Hé3§1ﬁlt1bbfop

nmul ti-"hop transm ssion.” Accordingly, as describ
resmrhmu thee egtiatemas vaticd nuiperod bemby- @meb@snsr @thtnothhfehe imvolved

devis MEnae bRl eSS HRREH A st § 2 T pr tast hop
aloBR thelBu@N dwi BRI M Al e B0 1RS BNVAIP M D&M i BHEDENAER Nare also
route. To achieve this, the follow ng features are

inchded taidg MEh@RD T Heshopingn @ﬂ\@o%hﬂmemur@ﬁr DavAdris threvAddr of
theI glflr L 'E!? 1céJ fhaf {I)l%%?&tt é H%gl% geggrv%i Ye tgg Ijent%l &*98 %evﬂdar is the
ra e.g., ? roadcast by & device'in

Debﬂ@dﬂMﬂtE& éssngvimdenicead wbichntae Warks (s pathé&s) dre 480inkd. Finally,
ivided into several fields, including an Elemmet 1D

IE ?—@Qamaludas | &gy finldscaplyfor DRIRAlles#ongl fiel d, and a
Tar gegde ik @sﬁﬂﬁ{g eskhligh n o@lﬁﬁorr}‘#oké 'f& ﬁ‘%ﬁﬁf"ﬁ@g

deV|ces osen rout are 1 nvol ve
tran'mimsmthlmmwefﬁszesolmm dmvjcetand andegtatatiat idovice 6 casiadi cad aofutlows.

Flrst thg Sgl(l) ce HgVIC o& ba(Fewce I%X F&Eaf) rteshe%elsr‘h\lleo }e\(ﬁleu!ljred medium access
slots (MAS) between itself and its next-hop device (i.e., a second device). In the example
shown in FIG. 1, device 110A’s next-hop device will be device 110B. If the proposed
MAS are available at this second device 110B, then second device 110B will send a reply
to the source device 110A including the received Mesh DPR IE with the Target/Owner
DevAddr set to the source device 110A, and with the Reason Code set to “Pending.”
Otherwise, the second device will send a reply to the source device 110A including a Mesh
DRP IE with an appropriate reason code, indicating that the reservation request of source
device 110A is denied. In the former case, second device 110B will also initiate a new
reservation, with the same amount of MAS and the same stream index, with its own next-

hop device (i.e., a third device), which is derived based on the Destination DevAddr in the
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device is not necessary a source or destination device
(unless it is on the first or last hop along the

wo oura23513 wo fields, called Source DevAddr andPCT/IB2007/051601
Desti nati on DevAddr, are also included to the Mesh DRP
| E. As shown in FIG 2, the Gource DevAddr Is the
DevAddr of the source IE%ICG t hat iates the ne

receiyed Megh PR Tharin the eRa i ehawidp; éﬁ KA ?PQ stig&t- ﬁop device
Wllpgé/ &dgee pfoct he tlfé%ﬁ&}')(ﬁ@& M’A‘S Qf'aevdvﬁﬁaﬂlé’ aWﬁir& tde%@@l f(f@q}:r‘e% it will

(data packets) are destined. Finally, I ncl udes
readt ih shasahicedsdscondalehmick dﬂOlBR-'S d@lsctrdxedtab@w Whenbmrdhmreason code is

arsTRE PR irknaht CSRUN bet ReRRCa L SUCE BLdRaE LD f e

rovtesolRIAlpdaR tHeWassh dodle @R it§ baG UM casDRY! IEQW%Eed: ifit$ by (Source
t he source device evice HOA in

Dey addsy Déstntahen D@qﬁdére@dmér@ﬁmnnm es gcaprdngly( N&hs)behawor is

recbt% Ve 1 ﬁteﬁg %atemg nen%ﬁborg Xt h%Brsdﬁ%/ I eOfg a%cF Sa on Wﬁf%ﬁﬂw the

nﬁkﬁpﬁbcéﬁﬁﬁe deNdrctie \dedtinatién @@m&(@ gl d&d8natidn dd’i]@ceplfl“)[DOSﬁlees the
MAS are available at this second devi ce HOB,

th
Megla DR Ecrag aceentieiewrscrvasien énidated By {is peighbes (8 6y flged device
tc
ll(gﬁ\é{h%g } 97058 %hé‘%e %tg dj)f‘ccé (?’ WEQhé\/&E}(}E SQP Fﬁéegﬁ)e\gggﬁes, all other

r s to the source
devid@A00 andhewrohte (dbecdeld90mnddd 6B eiill then ‘cRandithgrcason code from

w herw se, the second device will send a re
P@émgf: o SRinceldig 'VﬂL“P&aWﬁ@ dgvifpL i brscives Wq%ﬁiam fE with
rea@PERRLLEL CALERRQ GRAR trdnRRi SR JFAataBm sdiRce device 1 10A to

reservation request of source device 110CA Is denie
destinatidveddvenend fDdmg®,. second device HOB will al so

t t th t t. of .
5 B R B
negwmﬁ&ﬁ (i.e., athird device), which is derived based

on the Destination DevAddr in thereceived Mesh DRP I E.
In FKe 4eix arf]pll\’é?héﬁ oNustrpiing=y methpd off esseeengl i @Bt%fon gResopgpg data

frm%evé urce eV ¢ ? A 3(/} ggorh%\:fl akﬂﬁh—ﬂoﬁ ?eq M% e%%rgplre] of FIG. 4,

avallabl e at evi ce reac
fortsheplfaysales itseegnthed et o thidBdewise Babe d¢sbﬁ£hoanhw&e but of
Whenever the reasgn code i s anything but "Pending
courrethpiginggblsy anydrunhier Pareéﬁévieweﬂbﬁweén the soursg |d§@0¢—r@b the
e te shoul d update the reason code in its
da@ﬁ?@?ﬁ%ﬁﬁ%bsh DRP | E - specified by (Source DevAddr,
Destr sftst stap Béd,Abldsouacedd csiaeesands aniiskhop remﬂmﬂu mq;lllqst addressed

Thi s havi ecu siLve 1N e se se that
to %@C@%ﬁ%% (ﬁéfr: b %@?SBH%}ER”SJ]G&WS 5 Tantiiine G e the
sotk QSR B{e%‘é‘gﬁ%ﬁi%n dWhes. T gk &%Qﬁnq'%ige&eid&tﬁlf&s the
destinati on device HOD) receives the Mesh DRP | E and

sowm:@mc@, thh eiemmemw de¢vien andiXtrirepasdd blptsito He mescgied dor a first hop
betgveergfhe source e\glgev and the second device.

In a step 415, the second device receives the first hop reservation request.

In a step 420, the second device sends a first message, addressed to the source
device, indicating that the first hop reservation request is pending and that the X slots
proposed by the source device have been reserved by the second device.

In a step 425, the source device receives the first message, addressed to the source

device from the second device, indicating that the first hop reservation request is pending
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HOC), then the reason code is set to "Accepted”. In

t he next several superfranmes, all other devices 100 on
w0 b@7neaste (devi ces HOC and 110B) will then cheeyBB2067051601

reason code from "Pending" to "Accepted'. Only when

source device 110A receives & Mesh DRP |E wth reason

de set to "Accepted"” can the transm ssion at a

and e duete PERROTEDYIIOROTES SRt A Pt ’Ei’é?}'ivﬁ‘g'f”f-f%e second
ded&gin. FIG 3 illustrates sonme exanples of the

proposed end-to-end nmulti-hop reservation negotiation.
FI Gn astejs 430, fthowcbiat deviidd sesds asdengd bopresdreatianf request, addressed

reservin lots for. transmtting data.from a, saurce
to EGREVES B Fubnuei SAEBPEbG PR i e G Rt govice.
Thé BRoBX BEPIBe@htidH fequdbt ideRfifis tHPbdirbd devi@K the debtidabion device, and
assunmed that the third device is the destination '
X pdenasedslotse bofeseniad fer a sseensl hapybasecaarthe menbedeiee ansl thy third
devdcee\./!lge%%ﬁ?igﬁvﬁﬁg XISPO‘%S ?r%ggsc %%etb” §&ofd ge\;igeefog ﬁl‘c’etslecno%ltdl Oorfo are
device T g T rstste Y The 80ur e devi Cesends Pa

diffetdn$ frofiofhc NES&E Yasposdd Byeli 8sirce adldéceds &d firdt HpS @Gomidl be
device different fromthe destination device,

for
explyipers v futthergletrak belaw dienefidalbotlie second dicrise sgeqthor the second hop

the: sc'ttaivgl?atb'lé)/@' sERYInGRe suddfrrdrhd %er{ﬁﬁeg)( g%%@#ﬁg&k& %ygﬁgéb%gée device

identifies the sourc evi ce, est tion’device,
for almedfiét lpspoposed sl ots to be reserved for a first hop
bet ween sourcg devi ce and_t he se%gnd device. In

th
st el 44ep 15h b bid davise vices s Bearvd HoRaCTYALpn ﬁ%lestafrom the

sechE$g&N@tion request. In a step 420, the second device
sends a first nmessage, addressed to the source device,
i ndlrcastemd4Q, tlad thirdeletice §ite. Hbpdestisationaddvint) segs e stcond message,

endi and t hat .t he | ot roposed by the source ..
A BEDFL e Sebohd Bhvib O utlodinR e B SRR e g Tt iRy i
acchted aA@ fhat theer SOMHESHHEYV b BiclsBERd\RSict R8vd bdefitreserved by the third
nessﬁ%ﬁ@ addressed to the source device fromthe

devdesc o tyidcdevice s aat tha glestination Aevied, thon ipggrd the second message
resenryat.i t. ' d that.t X
ol LB ERIHE Rt REOLASRBRL BeeShgay o rs

probb&d8abeIsbcdry dedce hdvedesi fperd3dby tHeahis¢ dovick. d@vth@&rease, the
.sends a second hop reservation request, addressed to a
thixdrfley ipe seapldgend ity oW rgprEvaton; regpeste thimRekt Apves. tHuch would be

B Yl L 00 Bt 5 TR, SR v
dettidtefod esy raagdn. on devi ce, and

In a step 445, the second device receives the second message, addressed to the
second device from the third device, indicating that the second hop reservation request is
accepted and that the X slots proposed by the second device have been reserved by the third
device.

In that case, in a step 450, the second device sends a subsequent message,
addressed to the source device, indicating that a final hop reservation request has been
accepted by the destination device, corresponding to the first hop reservation request of the
source device.

Then in a step 455, the source device receives the subsequent message, addressed to

the source device from the second device, indicating that the final hop reservation request
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X proposed slots to be reserved for a second hop

bet ween the second device and the third device.
w@ereefizssinl |y, the X slots proposed by the secheiEiIB2007/051601

device for the second hop are different fromthe X

slots proposed by the source8device for the first hop.

As will be explained.in further detail bel Qw, )
hashegp peeepted by t?% destiartimgdeyissi %%Teém@&gstwtg? 8{% hop Esefyation

reqQOR of e sbincS @Yl | abl e X slots in the superframe
after the X slots proposed by the source device for

t heAt thagpoihgphe thnltishapt reperd@®n it benfirtnicd dndiéheisoarce device may

rrecei ves. t he secgnd, hop . reservati.on_r fromthe
begi A s Pl o e oh Aovice Fring HICT UGSy it ERgiellg Confirmed
fortinefidendy dahé QRoAGYERS), sends a second message,

addressed to the second device, indicating that the

sechngenhsp thers araydiciddeyisepuastednstha seuspt éeviemandithadestination
t.he X slots propo he cond devi hay en
ey A R PR R b R VR IR B b B e

res@ObtidREo s hiul@thophel@eNd olowbhen instead the second
nmessage woul d only indicate that the second_;%p
r esEPYULIraR vl dedse in regrdihag raky. vhee 2thd S04 ot s
PR o MRS R P, 58 Ny R 1 BRIV SRELY R et pry- ot
hosencvatich st &g enuahitiing daeqfresttht sourtedavicctto disvdastnation

whi ch uld be repeated until the destination device
devjgesvip aRiragD &la %%@F%%t}%ﬁeﬂ%ﬁ‘ah@&?“flﬂ% t?ﬁh@ué iGRalbic

desgﬁmcﬁlddefvﬁre, Myx E)F(%%Q&i s16t8 ((j@g,sf\@pS)‘% Be rdsBRc§ ?&%dﬂV—lh) éh hop

evi ce recei ves the second fressage, addressed to t
betwecroard(Méxih devite amd thhévek Hevice. devicsponsd tedhe AY-i g hopadservation

t he .secon servatjon re st i epted an
reapiie T et 191 ST G el n kst B o B g oRafte be
res&REN fIr@BeMNLedn RYp ba&cbhhl gvaemidedice hild thB N @8wiBe adetvailable to
step 450, the second devi ce sends a subsequent

therfk dajee- addressed to the source device, indicating

t ha fi nal rvatj r t n._ac e
oy 4 S Pl SYEY BLISDHPRYSR! G070 BB SRR
Nihégvideeteh v btop S2@ eHeesth defict ansoity aeNdenvk aRssagh &om the Nih
a step 455, the source device receives the subsequent
devigss adgyessed e <4eldii dsvicseindisatieethaelhe eescralam fqqucst is pending

anPREORG de%‘[k b obdad é i(ZVQ )tthl'lﬁ(ficg hgvd 156%9 lrﬁ%feu%d by the Nth device.

reservation requesthas been accepted
Thete st & siap 580, theWr/cdsvicoendsmakidiog rewertanen féqusst, dddjpessed to an
(N w[F)?hecrie\(z?ct:el, ?or} transmitting the data from the source device to the destination device.
The Nth hop reservation request identifies the source device, the destination device, and X
proposed slots to be reserved for an Nth hop between the Nth device and the (N+1)th
device. The X slots proposed by the Nth device to be reserved for the Nti hop are different
from the X slots proposed by an (N-1)th device to be reserved for the (N-1)th hop. As will
be explained in further detail below, beneficially the Nth device selects for the Nth hop the
first available X slots in the superframe, after the X slots proposed by an (N-1)th device for
the (N-1)th hop. Subsequently, in a step 545, the Nth device receives an Nth message,
addressed to the Nth device from the (N+1)th device, indicating whether the reservation

request is pending, or whether it has been denied. In the case where the Nth device

receives a message indicating that the reservation request is pending, then later, in a step
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request of the source device. At that point, the
mul ti-hop reservation is confirnmed and the source
walea7azssmhy begin transmtting data for the deBCT/IRROITNF1601
device using the X MAS it originally confirmed for the
first hop to the second devi @e. In general, there may
eM devjces between the source devj.ce and the
55(5 a5 MRl 56 TeREDNCE @ SHPRCGUGH PS8 b‘l‘]rl%“élﬁ whetfich oppotithpse

resdvEEIH ©ETesPRASL hebh B@Jeﬁ%dib{i‘f_ RS hABhARIN 9ideN& whether it has been
reservations for the multi-hop relay as follows.
den@ghlsy aer orgrpflthddaewitreen demicehienctuding thealestieitiay dewoer e

2 < <M. In that se [ strated in FIG 5, i

¢ opfeanuhig, B RRD 338 EhertBe MR DERO R Pe Fefygd for (e - pyan
hop &8 @bVALIIAPlcheMeedh dbate, tRaANBEN HAGcREBmik A VhB 4 message,

source device to the destination device via nulti-hop

addressed/to tirp éV+/edaleyigei ingicpienpibatt the tepvafioerequest isstpnrade

ooy ALY RS AR

amaint (ORMA § Aredevdiredl Aok thbehddeh relay, £eamé (hacR& PO expddience a
the (N-1)th hop reservation request, in a step 517 the,
lon&quieiwh%mdé@ singlerio Gape tih gpnard ethx figmes seqsivsp dpaythegreighbor

in tHE chfGift rsﬁlgéj{r%rgé ﬁéeﬂﬁgél% 4&@'8&?&%&&%"%@% &Qt-ﬁ% h%\{'lﬂe in the next

evice a ce’are avallable to t
supdefvinae Thé¥edoret the woro pased tisd Bime Hdaheivaser tvednifisiontdier, is

N-J)th hop are available af the Nth devjce, then in a. .
pm%t)léwnslzte e tos Sfopcen e Shatet favisF oF e ayﬁﬁn%a%‘ses%@‘ﬁc, this
mal HbWhidep bR device, addressed to the (N-1)th device,

indicating that the reservation request is pending and
t hat'o nhein{zsthetdslagrinposd dyble tmiesh (rdshlissiond benafigiabzvalocation
reserved by the Nth device. Then, in step 530
of Sy Rl at RO SRETINaG 10 OB b Ree R adyime cach
meHERHERb M 1@ uaillireMidnk!, hagieM s@eﬁtin% A6t thaBsuirtd §dviek dda&nding at
data fromthe source device to the destination device.

theigetingtipn Heyice éseeviest thefris peerbes clopada thcfsovrcetdgeice sgogaidered as
o 955 s 15PN 50 UL BRBRERA B o
souddtdddvive. Witth htdevidewi e .chdif@coéivids @t cdhrORP $E droyitd igtrcam
Nt h device to be reserved for the Nth hop are

devier ter drhorks Gmlipgatinn of S{AS fleapably tyt Mesk RRP) e 2, X MAS).
1S9 SBSEBILCEORAR Y LA L0 o8 oo
poshibite, deserveehsadxe avalabler X MveS Ntahadedpcatdueafter the X MAS reserved by its
immediate upstream device. In this way, a device can relay/forward a frame (packet)
received from its upstream device to its downstream device within the same superframe. If
the device does not have X MAS available in the superframe after the X MAS reserved by
its immediate upstream device, then it will reserve the first available X MAS that it can
find in the superframe This process is repeated for all devices in the multi-hop link. In
this way, the frame (packet) is passed from the source device to the destination device with
a minimized delay.

FIG. 6 illustrates some examples of such coordinated MAS allocations using MAS
610 in a superframe 600.

While preferred embodiments are disclosed herein, many variations are possible

which remain within the concept and scope of the invention. Such variations would



first available X slots in the superfrane, after the X
slots proposed by an (N-1)th device for the (N-I)th
woopr/18sbsequently, in a step 545, the Nt h devP€CEIB2007/051601
receives an Nth nessage, addressed to the Nth device
fromthe (N+l)th device, indicati ng whether the
reservation request is. pending, or whether it has been
becglti et 1q g HeTgHRee Yhilbieine AR REHAREFT RO BE Spesadcagon,
draWBS5398 cladll GaEInNIrdcNAfentiBE RSBV hHOB Ve8aY8SLEd Ebept within
pendi ng, then later, in a step550, the Nth device
therspritiané scope f beegnentedwbswmage i ndi cati ng whet her or
not the reservati on request has been accepted by the
destination device, or whether it has been deni ed by
any one of the downstream devices (including the
destination device). Meanwhile, in a step 518, when
the X slots proposed to be reserved for the (N-1)th
hop are not available at the Nth device, then the Nth
device transmts an (N-1)th nessage, addressed to the
(N-I)th device, indicating that the reservation
request is denied. Al though the rmulti-hop negotiation
descri bed above ensures that a sufficient anmount of
MAS are reserved along the chosen route, a frane
(packet) nay experience a longer delay than in the
singl e-hop case. In general, the frames received from
t he nei ghbor in the current superframe are usually
rel ayed/ forwarded to the next-hop device in the next
superfrane. Therefore, the worst case of the frane
del ay, given no transm ssion error, is proportional to
t he nunber of hops on the chosen route. For
del ay-sensitive traffic, this may be unacceptable. To
mnimze the delay incurred by the nmesh transm ssion,
beneficially, allocation of MAS by devices al ong the
route is coordinated to sone extent. Here, we assune
each nmesh transm ssion is unidirectional, nanely
starting fromthe source device and ending at the
destination device. A device that is one-hop closer to
the source device is considered as an upstream device
fromthe perspective of a device that is one hop nore
away fromthe source device. Wen a device in the
chain receives a Mesh DRP IE fromits upstream device,
it will check the allocation of MAS identified by that
Mesh DRP IE (e.g., XMAS). IfXMAS are avail able for
downstream reservation by the device, then the device
will, if possible, reserve the next avail abl e XMAS
that are located after the XMAS reserved by its
I medi ate upstream device. In this way, a device can
relay/forward a frane (packet)



received fromits upstreamdevice to its downstream
device within the sane superfrane. |If the device does
wWmoio7hzsse3 XMAS avai l abl e in the superfrane aftRCT/IB2007/051601
XMAS reserved by its i medi ate upstream devi ce, then
it wll reserve the first avHilable XMAS that it can
find in the superfrane Thi r%ﬁess is repeated for
all devices in the nulti-ﬁﬁﬁf In this way, the
wHaf AMifRasket) is passed fromthe source device to the
destination device wwth a mnimzed delay. FIG 6
illustrates sonme exanpl es of such coordi nated MAS

al | tions usin su erfr 00. , Vi

o ol b 8RR e b rReR e AR R dayices £110)
coMRAUhRAHRNS IR £rROS8HidH-Basdld deth tiafres ﬁkoVMcbhl'ld%ﬁQ@superframe (600)

concept and scope of the invention. Such variations

compyifinthe ity péelptSt(él Q)nem@thOd (e haf yesgmlmg X M@t& (9 0kfor
tfa’%ﬂgﬁl ng oﬁgalfi% Slﬂ}]r%e dgwge {t%g 85 at’lon SY4 ?Oﬁﬂwa multi-hop

I nven ere ore I'S not

mﬂ@@ﬂhﬁh@h@@c@ﬁpﬁmmgMAth|n the spirit and scope of the
appended cl ai ns. CLAIMS What is clainmed is:

contRidined i Orp st b resqrIOOR redst framibe %P%mﬁeénqet(g/l%)
ad HEYLERSa gec%njrtpa %{wg it feﬂgﬁbﬁ'tff@d&tl ﬁ?o%rd’e@%dgg?l(ﬁf‘)s et

ata trans aving a supertrane
traisarpmigsiatagfr@n p)lhelﬂoalraet devizk (5100%)30 (E1dEstinaionelchod ({1DY) the first

oS IuR R LT R T b st 10N bihofgaiop device
(115D9, Q)nd\ﬂ’%‘r ?Hieﬂ'sld?@(@i 1 bﬂo% reldded®t B otk GBFBEMRER e source device

sendi n first” hop reservation request fromthe
Ulﬁéaan@ﬂdemuueikvm¢©NW) addressed to a second device (

110 ff t.f dest d

f or e folt ey AA G AR5 ERgist bodrFEh g the source
devi& (1N@AFESH thatdcdnd devitea lomlcatin%Qheftltlﬁesﬁrsh@(Bb reservation

reservation request identifying the source device

roq0 Ry ponine MIBSAAL ALY ORI SRy Toa e gismsed! 10A) have
ba%lg&gwgﬁ}q56ga:Q§E%2§egﬁ§gﬁﬁgr a first hop between the

source Vi ce € second device (110); at

t heatsthel @R cldti g 1 (0A)1REYiving ¢ &3 3)iangb{chdnt ndesbdgesiddressed to the
nmessage, addressed to the source device g 110A) from

sourpredeyised 0 AN Rdhq ﬁeynd devdgec@d Onindigetipg thee aﬂnalshoméff‘rvaﬂon
t
oo S BB EEPh R B Rl e v o

reservation request of the source device (110A).

2. The method (400) of claim 1, further comprising:

receiving (415) the first hop reservation request at the second device (110); and

sending (430) a second hop reservation request from the second device (110),
addressed to a third device (110), for transmitting the data from the source device (110A)
to the destination device (110D), the second hop reservation request identifying the source
device (110A), the destination device (110D), and X proposed slots (610) to be reserved for
a second hop between the second device (110) and the third device (110), wherein the X
slots (610) proposed by the second device (110) for the second hop are different from the X
slots (610) proposed by the source device (110A) for the first hop.



been reserved by the second device (HO; and at the
source device ( 110A) receiving (455) a subsequent

wore®gage13 addressed to the source device ( 110R)T/IB200m/051601
t he second device (HO, indicating that a final hop
reservation request has beenl2Zaccepted by the

d ti , di to the first
nop. 1 BEePGed GH00] 8585t 2oRHbHEBTUREE: devi ce ( 1108
2. Ihge 5‘&5{?&’ QG\(léé)ﬂ)l O?fec&lvﬁl'ﬁ@ stcodd4hEREEe, GQABLLS 'td"ﬁie second

receiving i rst reservation request
devi¢ee(14 @):ﬁ:mi thi@ﬂmrdeieyiele)ﬂ l(hndds@tmg that thd 3@pnd hep c&smd/ah@prequest
. reservation.r est on1the ond dev
i s santr g el éwp&éect Begte FestnddeSive 1o g bose
res8RERLY (R 8cHO(190);dgyi ce ( 110A) to the destination

devi ce (HOD), the second hop reservation request

i deattthe sécapgd dedcsdlPreceiingdd4y) asubroquentinacsgesst pariessetto the

r
secrglgc\ié gervscem erdI%QHe élrﬁ q%%c@ Eﬂtoa)e 8&1%@% %étctég g%le 19D rese(vatlon
reqhddd hadbstntadecptdd Bydthd G&étﬁl@tléﬂ'@wcé/‘dl@OB .n the X slots
(610) proposed by the second device ( 110) for the
second hop are different fromthe X slots (610)
pr opo r r8tiioa
hop?B f‘rﬁé’rﬁgﬂlﬁtg"( @%&f Xgagr)n%ewh%ﬁe atlil?n elji;ct%r%frd')qs fle'®tination
devien@i0Bj).ng: at the second device ( 110) receiving a
second nmessage, addressed to the second device ( 110)
fromthe third device ( 110), indicating that the
SeCon¢hBARIATE0NAicRimEUNERIn inS BEREUBACANdOA a;lo&sesethe first

X slots (610) proposed by the second device ( 1
X Stmﬂél')smrthﬁ egerivade HP0) thet ariavailaba/fodke §alt@) devaned 1 HA) as the X

ol EDTEEPLLESabes Pie® EIBANS BelrERt ordty RRPHRT borween
thelsB@rct AEvide AGVAG @nd thl:#@éondl dé@‘ic%ﬂm)g that the final hop

reservation request has been accepted by the
destination device (HOD). 4. The nethod (400) of claim

t ti
e onf ptipd QOOHERELE sl S BReP R L ATEhGRes he fi
X stdﬁ§(63 O)Ji‘nCtﬁe sigietfeemd (6009 Mt ﬁb@os@&ﬂd toehd socehd a’exs&eo(tls 0), but
in the superfranme (600) that are avail able

Whtqh@r%l@eaté@ injdgiserer{rame ¢700) aﬁtert the X)él%tﬁ #h19) p@med by the source
de\}ff?geo(ﬁ ?ﬁﬁﬁ fap Yo B Elg‘gs%i f @)&gﬁé@%ﬁ By thelstOMNd dc[qucJ%? 1 {(ﬁit? %ﬁ;f&erved for

or t I rst bet source device
theancbnilhep detvared thteselconﬁd dd4@e. (110) and the third device (110).

7. The method (400) of claim 3, further comprising:

receiving at an Nth device (110) an (N-1)th hop reservation request for transmitting
the data from the source device (110A) to the destination device (110D), the (N-1)th hop
reservation request identifying the source device (110A), the destination device (110D),
and X proposed slots (610) to be reserved for an (N-1)th hop between the (N-1)th device
(110) and the Nth device (110);

sending the final hop reservation request from the Ntk device (110), addressed to
the destination device (110D), for transmitting the data from the source device (110A) to
the destination device (110D), the final hop reservation request identifying the source

device (110A), the destination device (110D), and X proposed slots (610) to be reserved for



6. The nethod (400) of claimb5, wherein the second
device ( 110) chooses the first X slots (610) in the
waupentysahe (600) that are avail able to the serOntB2007/051601
device (HO, but which are |ocated in the superfrane
(600) after the X slots (610)3 proposed by the source

« FEg et et Vind)eatslbend e iBr et e (Ulbnh iy the ¥
slo??ﬁi@?fﬂoﬂdﬁ@d ﬁfﬁféf}'@h %%Vlcgg 10) L1609 re@&ge& he tﬁ%ﬂa‘# hgﬁ YicGfifferent

7. The met hod of claim3
fromdhth skity 10y popdsadriy th¢ (M—d hitdevide (1 1de tc( bd_fc@@rvahfor the (N-1)th
)th hop reservation request for transmtting the
% fromthe source device ( 110A) to the destination

dthtOLﬁe MACRvicd heoYRedidihp ah o fn%§sﬁ é’ %H&@seﬁet@ WRSAth device (110)
identifying the source device , the destination

frogeth¢ destinpiom) devmdﬂ(wlab duleehtiop @hasf, ﬂ(mw%t@nksequeets@s been
the (N-1)th d 110
acceﬁtgd %ﬁ tﬂ%eﬁh%ﬁ% OGBV‘?SQ@S%;} se(nedi( ng % he f iG\rlliallceh(()p )

reservation request fromthe Nth device (HO,
addressed to the destination device

HOD) , f
t r ahshiapethgd (400) ghelain ¥ omereia tho ] vep@’«a &@0%09@9)&)6 first X
slo{sc(d Gn ARS b&@ah%'t?%‘éh&%ré 1 th hel Vi) %ﬂewgg sll 1 é)%, b(ut which are

reservati on reques entiTylng t he source
locéﬂ:ﬂ)A) thetshperﬂemb i(60Y) iatrar e i mas (d-lwpropasmﬂ b¢ the agdsedievice

(1 lﬁﬂ gg\/‘? s((6 iq_)%eroé{.}%g %glge t eW&F ?ﬁ{)) ho Eegér\({f\e ttlrl]eeﬁnal hop
betW%&g fleVih R8vice 8119) Snd BLALsRLORPESI LM 16DF N h devi ce

to be reserved for the final hop are di fferent
fromthe Xslots (610) proposed by the (N-1)th device (

110 for t N-1)th. hop; and at th
Nt hgd %gth‘(r)gﬁ‘%?y E‘él'&]g]; vi ﬁgthér %%Iﬁ S%ggag:n agdr esged
t 0 f)@ed&d}ngg SR (deitﬂe@)(l o) @i e dRptrbRadation réiﬁ%ét%r

i ndicating that he reservation request

tra@@éﬁlngéh%@qté ﬁfoayt £ H@Hé@é@‘il%a(tl L84 thethp déstl(nmm devace (Th@D), the

Zﬁ% I;l}gg r&:el%% 1?19 q%lg§ h4n nﬁ{yﬁ%] glfgyur.cg Ia%]l'ég Qll%g:iftﬁg déstl%igftg)c}n

devﬁ&O(Q)l Obhahd azr@op(vsau kiab (elm)omtbh G}esM‘dédCf@NaIﬁ@\f ( Jhop bettveen an
are located in the suBerfrarre (600) after the

(N)(gﬁélt?‘élc? 616) aﬁlﬂf@ﬁé\%ée‘ﬁfﬁ ¢H® (N-1)th device (110), as

t h e éé@%érf%’?) Iﬁijr @wﬁﬁ)nQX%ﬁegﬁﬁ%glh@tﬁ | cfe%lc% (i‘ﬂ(@? %cied?%ssed to
an (IZ\lf)b ) thade)i¢eh(@ 1 Qe &dritrasmotingltheidata ftddOb)je. soﬁrce'ﬂeelcEréI 19a9 to the
desglﬁgtg) n efwc%l(? 6B) ’chefl{it%thgle) rms%r(')v 151i1 ?elqu]lgst identifying the source device
(110A), the destination device (110D), and X proposed slots (610) to be reserved for an Nth
hop between the Nth device (110) and the (N+1)th device (110), wherein the X slots (610)
proposed by the Nth device (110) to be reserved for the Ntk hop are different from the X
slots (610) proposed by an (N-1)th device (110) to be reserved for the (N-1)th hop; and

(3) at the Nth device (110) receiving an Nth message, addressed to the Ntk device

(110) from the (N+1)th device (110), indicating that the reservation is pending and that the
X slots (610) proposed by the Nth device (110) have been reserved by the (N+1)th device

(110).



(1) receiving at an Nth device ( 110) an (N-I)th hop
reservation request for transmtting the data fromthe
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11. The method (400) of claim9, wherein there areM
devices ( 110) between the source device ( 110A) and
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and wherein's are repeate
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communicating using a reservation-based data transfer protocol having a superframe (600)
comprising a plurality of slots (610), a method (500) of reserving slots (610) for
transmitting data from a source device (110A) to a destination device (110D) via multi-hop
relay, the method (500) comprising:

(1) receiving (515) at an Nth device (110) an (N-1)th hop reservation request for
transmitting data from a source device (110A) to a destination device (110D) via multi-hop
relay, the reservation request identifying the source device (110A), the destination device

(110D), and X proposed slots (610) to be reserved for an (N-1)th hop between an (N-1)th
device (110) and the Ntk device (110);



device ( 110) to be reserved for the Nth hop between
the Nth device ( 110) and the (N+tl)th device ( 110).
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deviges@dd 04 foghe ﬁeﬁ@é@in ii%‘rﬁ(iliQ/lPh ha Neé @@a?wa@eo irequiegt identifying
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reserved for
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Wh%rﬂmntil% i o (R PapaiaCibl 6 207 dhacalifO8E rezrgge(i@%rlfes the Nth hop
are(ﬁtgﬁéreﬁtrt?d}ﬁ 'fﬂetX kl@% (%5(5)3}01‘%16& L) U0 mBsRege (1199 bP&served for

devi ce essed to the (N-I)th device (
meﬂMMNhhmMHmhting that the reservation request is
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reservation request fromthe h devi ce
devaerlrld8k eddressed to M) M darided &1Q), md@pting t the Teservation request

1SGt[e{n%?smtting the data fromthe source device ( 110A)
he destination device (HOD), the Nth hop
reservation request identifying the sour ce device (
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whart) stés (he(3) esercpeded for cadheVNEWchOld O) where 2 <N < M

16. The method (500) of claim 15, wherein, for all N devices (110) where 2 <N <
M-1, the Nth device (110) chooses the first X slots (610) in the superframe (600) that are
available to the Nth device (110), but which are located in the superframe (600) after the X
slots (610) proposed by the (N-1)th device (110), to be reserved for the Nth hop between
the Nth device (110) and the (N+1)th device (110).

17. The method (500) of claim 14, wherein the Nth device (110) chooses the first X
slots (610) in the superframe (600) that are available to the Ntz device (110), but which are
located in the superframe (600) after the X slots (610) proposed by the (N-1)th device



are different fromthe X slots (610) proposed by an
(N-I)th device ( 110) to be reserved for the (N-I)th
who;7/1285a8 (3) when the proposed slots (610) toP@EIB2007/051601
reserved for the (N-1)th hop are not available at the
Nt h device (HO), transnitting3(518) an (N-1)th nessage
fromthe Nth _device ( addr esse
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Ulbﬁ deni ed. 15. The method (500) of claim 14, where
ere are Mdevices ( 110) between the source device (
110A) and the destination device (HOD) in the
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ﬂm$h©qﬁh@6&6éanm-posed by the (N—I)th device (HO, to be
reserved for the Nth hop between the Nth device ( 110)
and the (N+l)th device ( 110). 17. The nethod (500) of

cla s the
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evice (1 . 18. The nethod of claim 14,
further conprrsrng, after step (2b): (2c) receiving
(545) an Nth nessage at the Nth device ( 110),
addressed to the Nth device (110) fromthe (Nl )th
device ( 110), indicating that the reservation request
is pending and that the X slots (610) proposed by the
Nt h device ( 110) have been reserved by the (N+l)th
device ( 110). 19. The nethod of claim 18, further
conprising, after step (2d): (2d) receiving (550) an
Nt h nessage at the Nth device ( 110), addressed to the
Nt h device (110) fromthe (Ntl)th device ( 110),
indicating that the reservation request has been
accepted by the destination device (HOD).



