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1 METHOD OF RESERVING RESOURCES WITH A MAXIMUM DELAY
GUARANTEE FOR MULTI-HOP TRANSMISSION IN A DISTRIBUTED
ACCESS WIRELESS COMMUNICATIONS NETWORK 5 This invention
pertains to the field of wireless communication networks, and more
particularly to a method for reserving resources for multi-hop communication
between a source device and a destination device in a distributed access
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terrestrial 15television 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
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Fahesample, the WIMEDIA(r) 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., softriledopansesal B ad ftaatich 0P MissMenmiiieationPraamirer For

ng%?ﬁp}ﬂ?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 reservation-based data transfer

protocol) of the wireless network by the other devices in the network.
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25 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
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provide a method of reserving resources for multi-hop transmission from

dERMIB Y GLOR TP Wistributed access wireless communications network.
In one aspect of the invention, in a communication network comprising a plurality

of devices communicating using a reservation-based data transfer protocol having a
superframe comprising a plurality of slots, a method of reserving X slots for transmitting
data from a source device to a destination device via multi-hop relay is provided. The
method includes sending a first hop reservation request from the source device, addressed
to a second device different from the destination device, for transmitting data from the
source device to the destination device. 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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In one aspect of the invention, in a communication network comprising a
plurality 200f devices communicating using a reservation-based data transfer
protocol having a superframe comprising a plurality of slots, a method of
reserving X slots for transmitting data from a source device to a destination
device via multi-hop relay is provided. The method includes sending a first
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In another aspect of the invention,’in a communication network comprisin
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for the (N-1)th re availahle
propos«gd by) an H\?R)ah deche toq)e reserved for the (N-1)th hop. The method also
includes, when the X proposed slots to be reserved for the (N-1)th hop are not available at
the Nth device, transmitting a message from the Nth device, addressed to the (N-1)th

device, indicating that the reservation request is denied.

FIG. 1 graphically illustrates a wireless communication network;

FIG. 2 shows one embodiment of a Mesh DRP information element (IE);

FIG. 3 illustrates some examples of end-to-end multi-hop reservation negotiation in
mesh wireless network;

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 Nth 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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10at the Nth device: transmitting a message from the Nth device, addressed
to the (N-1)th device, indicating that the reservation request is pending and
that the X slots proposed by the (N-1)th device have been reserved by the
Nth device; and sending an Nth hop reservation request from the Nth device,
addressed to an (N+1)th device, for transmitting the data from the source
device to the destination device, the Nth hop reservation request
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slots to be reserved for t hop are not available at 20the Nth device,
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data from a source device to a destination device via multi-hop refay;
Feabedimestedecdhspdlerformed by an Nth device, in the multi-hop relay

havmg /@ teiainahMadiiiaew: waeiiR Sstheds bY: which HevieellUpaiersmes
@j@gﬁ&o R N e e BBy B DO oS Rt BRN P are
able to send and receive data to and from each other at data rates that are not limited by the
combination of transmission power and distance between the two devices.

As described below, in order to increase the transmission range while still
maintaining spectrum efficiency (i.e., using a higher transmission rate), a mesh-enabled
medium access control (MAC) protocol is provided. The mesh WIMEDIA® personal area
network (PAN) is essentially a multi-hop, distributed PAN with some devices that
relay/forward frames (packets) of data for their neighbors.

For example, FIG. 1 graphically illustrates a wireless communication network 100
including a plurality of devices 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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While various principles and features of the methods and systems described
below can be applied to a variety of communication systems, for illustration
purposes the exemplary embodiments kelow will be described in the context
of unlicensed wireless 5communication networks operating with
reservation-based distributed access protocols. More particularly, the
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In one embodiment, the reservation negotiation process for a multi-hop
transmission between a source device and a destination device is carried out as follows.
First, the source device (e.g., device 110A in FIG. 1) reserves the required 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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As the Distributed Reservation Protocol (DRP) in the current WIMEDIA(r)
MAC specification enables a reservation-based transmission for
delay-sensitive application, beneficially g similar mechanism should also be
provided in a multi hop environment. This 5 requires that devices along the
chosen route toéﬁ) reserve the same or sufficient amount of medium access
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embodiment, the reservation ne otlatlon rocess or a multi-hop transmission
beIREBHA source device and a destination device is carried out as follows.

First, the|eouree AeviemfEIlisEiRiige AbBndfierkihieremesdhearerting data
edium access Slotseglg F?{betwcf:en itself and htc')s nrgf(t ho %\Qfaem&ﬂe G, "
s 8%%585%53\%6 ?)tfgn evice via multi-hop
for simplicity sake, it is assumed that the third device is the destination device, but of
course there may be any number of relay devices between the source device and the
destination device.

In a first step 410, the source device sends a first hop reservation request, addressed
to a second device different from the destination device, for transmitting data from the
source device to the destination device. 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.

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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25shown 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 dewce 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
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pf@fc@éu'trét When the destination device (e.g. destination device 110D)
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the next several superframes, all other devices 100 on the
route (denactsp 120ChartiolWIRRBicev{ilehtte desinggothderecescendodeseram message,

P&d?@é@é%l t[ﬁth@?&%%eajev&n hﬂd’*@&ﬁﬂgﬁﬂ%ﬂg gfe 9&‘6&1& Hoja%ﬁ%ﬁ?fr??e%@?ﬁh

RP 1E with reason code sét to "Ac can the transmission of data from
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repeated until the destination device was reached or a reservation request in the chain was
denied for any reason.

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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20 course there may be any number of relay devices between the source
device and the destination device. In a first step 410, the source device
sends a first hop reservation request, agdressed to a second device different
from the destination device, for transmitting data from the source device to
the destination device. The first hop reservation request identifies the
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second device. In a step 425, the source device receives the first

messad8, %0efRbsEat BN Bedd fedcalruaRn e Re Kedieanidse irfReaaiRg

tfmaw&eeirﬁashhmphmw@tiEacm&éwmwpahmﬁmh e ishoig the
propos ﬁ]souréeﬁdew e ha@]lbeen reserved by the second device.

IRCRE58 02§83rt 5%’ PIEREESENEYS second hop reservation request,
addresgeahsaler thifdtitdenoe, fotheanshbiongelag, daedibmNireMsource device
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source device, the destination device, and
hop reservation request for transmitting data from the source device to the destination

device via multi-hop relay. The reservation request identifies the source device, the
destination device, and X proposed slots (e.g., MAS) to be reserved for an (N-1)th hop
between an (N-1)th device and the Nth device. In response to the (N-1)th hop reservation
request, in a step 517 the Nth device determines whether the X slots proposed to be
reserved for the (N-1)th hop between an (N-1)th device and the Nth device are available to
the Nth device.

When the X proposed slots to be reserved for the (N-1)th hop are available at the
Nth device, then in a step 520 the Nth device transmits an (N-1)th message from the Nth
device, addressed to the (N-1)th device, indicating that the reservation request is pending
and that the X slots proposed by the (N-1)th device have been reserved by the Nth device.
Then, in a step 530, the Nth device sends an Nth hop reservation request, addressed to an
(N+21)th device, for 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 Nth 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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X proposed slots to be reserved for a second hop between the second device
and the third device. Beneficially, the X slots proposed by the second device
for the second hop are different from the X slots proposed by the source
device for the first hop. As will be explained in further detail below,
beneﬁma%the second device selects for the second hop 10the first available

Xo3fbifsANiRdeMiFsaraivis afidhsaouert snstsagrdpaisatingy hihebareetdbice for
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serv ion request from the second device. | e e third device
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reserved by the third device. If the third device was not the destination

d@iﬁf?é?‘%ﬁé?ﬂh‘?s@é&dﬂﬂﬁi@‘éé%dH@%M&ﬁ@b%dﬂ?ﬁ%ﬁ!?ﬂﬁ%ﬁ%&'ﬂ?&ﬂ% second
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ptde AR e e e o
whigendelaidthan e peatsed latipthasel dstieatiah theiamesaiscepacHeahotha neighbor
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the second device receives the second messag?e addressed to the second
deRedraen thererre H‘@\)N%Stlﬁ%ﬁ%ﬁﬂﬂlj freaperelannen W@ﬁr?@%f%%ﬁ”or is
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have been reserved by the third device. In that case, in a step 450, the
s@@&?& %%@@8 ds a subsequent message, addressed to the source
device, Tnditating«d et defayahtoeddsetheatiosh reansesssias inmefi cabe pléxtdbipn

:%z HRIBRHeN Qe KiGRy BRY 1EERADAUHIRAAES Hr S ROBIERE AL AN 8RRt
mesh transmission is unidirectional, namely starting from the 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 from the perspective of a device that is one hop more away from the
source device. When a device in the chain receives a Mesh DRP IE from its upstream
device, it will check the allocation of MAS identified by that Mesh DRP IE (e.g., X MAS).
If X MAS are available for downstream reservation by the device, then the device will, if
possible, reserve the next available X MAS that are located after 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



30source 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 resggyation request 8 has been accepted
by the destination device, corresponding to the first hop reservation request
of the source device. At that point, the multi-hop reservation is confirmed
aPREQAE Slsarde et arHizaNpRAth s SRS aRec HoP #ideeBhRiAitaiCevice
ugingitae akYld@nisoreimaliyneaniintiod btesrdie ilnsitho pdeethfcaecxacheavice.
Irghg%nx?rtaallh S%Eeerr&?th% M rc]jﬁev'% as.nl%)setween the source device and the
deSTRAtGH GERE I AT AR op re'lay'. Each of those M devices participates
in establishing the reservations for the multi-hop relay as follows. Consider an
Nth device, in the multi-hop relay, where 2 < N < M. 10In that case, as
illustrated in FIG. 5, in a step 515 the Nth device receives an (N-1)th hop
reservation request for transmitting data from the source device to the
destination device via multi-hop relay. The reservation request identifies the
source device, the destination device, and X proposed slots (e.g., MAS) to be
reserved for an (N-1)th hop between an (N-1)th device and the Nth device. In
response to the (N-1)th hop reservation 15request, in a step 517 the Nth
device determines whether the X slots proposed to be reserved for the
(N-1)th hop between an (N-1)th device and the Nth device are available to
the Nth device. When the X proposed slots to be reserved for the (N-1)th
hop are available at the Nth device, then in a step 520 the Nth device
transmits an (N-1)th message from the Nth 20 device, addressed to the
(N-1)th device, indicating that the reservation request is pending and that the
X slots proposed by the (N-1)th device have been reserved by the Nth
device. Then, in a step 530, the Nth device sends an Nth hop reservation
request, addressed to an (N+1)th device, for 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



25 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 Nth 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 forthé® op the first available X slots in
\Whexsisngsirasads after the X slots proposed by an (N-1)th device for 30the
(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
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the case where the Nth device receives a message indicating that the
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rdRyickp Mehoavtdiepiisingtep 518, when the X slots proposed to be reserved
for the (N-1)th t ilable at the Nth device, then the Nth '
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BRI R R IR R RINB L I R B AY BB (110) have been
reserved by the second device (110); and

at the source device (110A) receiving (455) a subsequent message, addressed to the
source device (110A) from the second device (110), indicating that a final hop reservation
request has been accepted by the destination device (110D), corresponding to the first hop

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



source device. When a device in the chain receives a Mesh DRP IE from its
upstream 20device, it will check the allocation of MAS identified by that Mesh
DRP IE (e.g., XMAS). If XMAS are available for downstream reservation by
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upstream device to its downstream device within the same superframe. If 25
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reserve late upstream e, then it will reserve the first
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the so device to the destin device with a minimized delay. 30FIG.
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éqmrﬁlﬂ%@fg@{‘ﬂfﬁ%d While preferred embodiments are disclosed
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claims herein. The invention therefore'is not to be restricted except within the

repiestins Seepacserieddppan desticrfiers device (AN What is claimed is:

4. The method (400) of claim 1, wherein the second device (110) chooses the first X slots
(610) in the superframe (600) that are available to the second device (110), but which are
located in the superframe (600) after the X slots (610) proposed by the source device (110A),
as the X slots (610) proposed by the second device (110) to be reserved for the second hop
between the second device (110) and the third device (110).

5. 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 Nth 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 a final
hop between the Nth device (110) and the destination device (110D), wherein the X slots
(610) proposed by the Nth device (110) to be reserved for the final hop are different from the
X slots (610) proposed by the (N-1)th device (110) to be reserved for the (N-1)th hop; and



1. In a communication network (100) comprising a plurality of devices (110)
communicating using a reservation-baset3data transfer protocol having a
superframe (600) comprising a plurality of slots (610), a method (400) of
reservi¢hx Nibtdefdeo| ¥bpxrapeivintran dhbanespage sulsessae victhg NibAlpwica (110)

e P e —
yoibeedrsitnat an sievined e (110) different from the destination device

(110D), for transmitting data from the source device (110A) to the destination
device (110D), the first hop reservation request identifying the source device

61 Tba neteodd40ahabelaiaviceniered thandtxderigsod @ stbrosed tetditse X slots (610)
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device (110), Where the X slots proposed by the source’device are the first
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the second device at the 'source device (110A) receiving (425) a
dRveendd9igad éhﬁiﬁéé%@@ﬂ@tﬁ@lec@@éwce (110A) from the second device
(110), indicating that the first hop reservation request is pending and that the
X slots (610) proposed by the source device (110A) have been reserved by
thd @%Bﬁﬁﬁﬂoﬁééﬁ,@ of adainadd furthgt geangpiskae: device (110A) receiving (455)
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second deV|c e (110), indicating thataflna %Ereservatlon request has been
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Claim 1, further comprising: receiving (415) the first hop reservation request

(AL 08D LY PP0RES elate)cAAdto begenrivRy (oo ANdBnPRMs teershaatbhl)th
deALSE fiy i sREREAEY(@a 6§ 10), addressed to a third device (110), for

transmitting the data from the source device (110A) to the destination device

(110D§2}158nsie% AR NEphesEaspaMBtiorERaEes i dRIma /iRl theades ¢4 1 agressed to
A1 40AY) eI PAYNERMGR R RIgkrRNAX REAPRRESDSIREIRAQ) (P18, to the

reserved for a second hop between the second device (110) and the third
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source device (1 g\IlOA ) for the first hop. 3. The method (400) of claim 2, further
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that the second hop reservation request is pending and that the X slots (610)
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message, addressed to the second dewceéllo from the third device (110)
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second device (110) chooses the first X slots (610) in the superframe (600)

are available to the second device (110), but which are located in the
superframe (600) after the X slots (610) proposed by the source deV|ce
(110A), as the X slots ij’lO) proposed by the second device (11
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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).



receiving at an Nth device (110) an (N-1)th hop reservation request for
transmitting the data from the source devi¢e (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 Nth
Helicecemm)rieriiers setyver kHa A stamapidsi ngevidera itp DF dRyicesr{dddliting the
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X slots (610) proposed by the Nth device (110) to be resérved for the fina
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wherein the Nth device (110) chooses the firSt X slots (610) in the superframe
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for the(Ahwhebpheetpeenpsae Neks delfdq be oseReehiodbstNalidh beriwe available
£4HOR Gel e Gl od (400) of claim 1, further comprising: (1) receiving
at an Nth device (110) an (N-1)th hop reservation request for transmitting the

data from thelZdFraBsauticg (220)andNnatherersagehramiee i deyicae 10),
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destination device (110D), and X proposed slots (610) to be reserved for an
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addressed to an (N+1)th device (110), for transmitting the data from the

source devicé2P)EERYITY FSAstiNE BARFESREMAHADSS UgsE kR haspNth device (110),
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the first X slots (610) in the superframe (600) that are available to the Nth
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between the Nth device (110) and the (N+1)th dewceéllO). 149.Ina
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communicating using a reservation-based data transfer protocol having a
superframe (60% comgjrising a plurality of slots§61_0), a method (500) o

. ) of
1RsetmBeiang (830) P5FRARIHitRE BB ROND 46tk (410 Horopes UK LK slots
(degjinatiersdsiieentd 166Y) vrrarthhopsRIay thaNmadkedre Miojepmnadiate are
devices, the method (500) comprising: (1) receiving (515) at an
intermediate 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 (N1)th device (110) and the Nth



(2) when the X proposed slots (610) to be reserved for the (N-1)th hop are

available at the Nth device (110): 1&a) transmitting (520) an (N-1)th

message from the Nth device (110), addressed to the (N-1)th device (110),
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Nth device (110), addressed to an (N+1)th device (110), for transmitting the
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slots (610) proposed by the Nth de (110) to be reserved for the Nth hop
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tH@\/W?l((derg)eﬁeg rﬁ);(.)cated in the superframe (600) after the X slots (610)
proposed by the %-1 th device; and (3) when the X proposed slots (610) to

be reserved for the (N-1)th hop are not available at the Nth device (110),
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to the (N-1)th device (110), indicating that the reservation request is denied.

10. TheEeRoIE0GPE) amivihTnessdas airifth &l weriosi¢b1)1 0d @rewsds {he Nth
JEAEX @035 (BROIHE A0S P REVRMEL (ROHHIALHE RYPURPIE IR NFBRBY s been

(110), but'which are 15 located in the 'superframe (600) after the X slots
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between the Nth device (110) and the (N+1)th device (110). 11. The method

of claim 14, further comprising, after step (2b): (2c) receiving (54? an Nth
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iR HHER Y OFdBERMRRHAR SN K e EINGEcepted by the destination
devicesghd{ia)418) HRCABHMEHRARIRIN AWREHCGHH M CSHNRISHRYISeRILTBAY, Of

devices (110) communicating using a reservation-based data transfer _
JoeBeseR bt inpBrd ielesins) (oM Pns iRy enpiindifas: fsRTste poyree device

(M@)&?%(ﬂ@@e@ﬁﬁﬁﬁ@ﬁ%é%é@ﬂ@}?lﬁ@ﬁ‘ﬂﬁﬂﬁfﬁiF@W\}éﬁ%fféﬁUe@ﬁQéﬁﬁ ing the
device (110%0 a destination _dewce_(llOD‘i via multi-hop relay that includes

SABRSARYIGSH (htBAndAmnHeHaies devtrikidiRg). and X proposed slots (610) to be

reserved for a first hop between the source device (110A) and the second device (110),
wherein the X slots proposed by the source device are the first X slots (610) in the
superframe (600) that are available to the source device (110A) to be reserved for the first
hop between the source device (110A) and the first intermediate device (110);

by each intermediate device, checking if the X proposed slots (610) designated in a
received hop reservation request are available at the intermediate device;

transmitting (520) a reservation message from the intermediate device to a
device transmitted the receive hop reservation request, indicating that the reservation
request is pending and that the proposed X slots (610) have been reserved by the



sending (410) a first hop reservation request from the source device (110A),
addressed to a first intermediate device @610) for transmitting data from the

source device (110A) to the destination device (110D), the first hop
reserviigimasiaie steldee(hlio) whers the cecaveitdqn 1€xa)y atierdesstiestican be

devic X proposed slots (610) to be reserved for a first hop
betwé%#éw@%@gg'device (110A) and the second device (110), wherein the

X slots propassadipy (h33Gunep etivatipreraneidhisionn sksisarmadiatredevice (110) in

superf C r [ r Te _
reservﬁ:%?ﬁ@ﬁ?ﬂ%‘gb?ggmﬁ t @agﬁi%&%%%i%zeﬁﬁ%%gﬁ)ds Et%je w%?wce (1104),
intermigidestinaiiee deuioy, (110bY. eadhkinronewdiatelsleiits [che cring Htfies xn hop
propoged, JlgisHEF ArsieRa RS 131 FOPMBTHIR e SRR IE ALGRE R 0),

available at the intermediate device; transmitting (520) a reservation
messatRerrintnGInEiABRIRPeRew B theaimtemedinindevinearthedissiveslots (610)
hop repeRELaRIRaHETbADFnang il R RHemERUE s 0P 0 and are
and that the proposed X slots (610) have been reserved by the 16

intermtgrics d‘éth@él(an(ﬁﬁmm@ﬁ)%éﬁéb&@é@ﬁh@@@@%wéﬁ@méqdest can be
accompafatiop reSENALTKh RINA RAPHESAE/ALM GBS 2sBSdihg an accept

intermediate device (110) in the multi-hop relay, the hop reservation request
MessREIIGRAS BB aee ISRV the orltiihe Rl e aYiaiiaiceféacaqtia fingl Beirrservation
rB5RRSSRH IS G ERIR BptHRIRRRRdRh %@ﬁ@é’g?f@ﬁﬁ?&bﬁ%b@%ﬁ 3 first hop
device (110) and the next intermediate device (110), wherein the slots (610)
rpsepYesen Ipvee phétrrayinrderised Hidtthe first X slots (610) in the

superframe (600) that are available to the intermediate device (110) and are
located in the superframe (600) after the last proposed X slots; and when

the hop reservation request reaches the destination device, sending an

accept message to the source device via the multi-hop relay, indicating that a
final hop reservation request has been accepted by the destination device
(110D), corresponding to the first hop reservation request of the source

device (110A).





