METHOD FOR DYNAMICALLY ALLOCATING RESOURCES IN A
NETWORK OF STATION CLUSTERS The present invention relates
notably to a method and a system 5for dynamic allocation of time frequency
resources in a radio network and also in ad hoc networks. It may be
applied to STDMA (Spatial Time Division Multiple Access) systems. Figure 1
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mit to some of their neighboring destination stations. For a given cycle, a

logical channel C is allocated for a time slot K.

The problem posed is to allocate the slots and the frequencies to

15 transmitter stations (and to a subset of their neighboring stations, called des-
tination stations) in a distributed manner by best using the available re-
sources, i.e. by allowing a maximum number of transmitters to use the same

slot while conforming to the following rules:
« 3 station is either a transmitter or a receiver,

20 ¢ if the station is a transmitter, then the destinations are receivers in the
slot and the frequency of the transmitter, and a station may only be a

receiver for a single channel and a single transmitter;

e if the station is a receiver from a transmitter on a channel, there are no
other stations neighboring this station that are a transmitter on the

25 same channel apart from the transmitter being listened to.

It is also known to orthogonalize transmissions in a slot by using

other types of transmission to the transmission at a given frequency, for ex-



5other time distribution system. Various solutions are currently being
proposed in the literature or in existing systems for the problem of allocation.
The situation with the most conventional allocation is that where the
assignment of time-frequency allocations is carried out by a base station; io
the topology of the network is not necessarily star-shaped. This base station
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reservation-transmission cycle is periodically répeated. ~Another family
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enables the resources used by a station to be known and hence conflicts to

be detected, ifica] locater. witbout
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15 directed mode etc.). For reasons of reactivity and robustness, it is only con-

ceivable for multilink networks of a moderate extent.

In the families of solutions for ad hoc networks, various methods
are found that can be adapted more or less to the topology and to the traffic

demand.

20 The simplest systems have a first-level allocation that is prede-
fined and assigned to groups of stations depending on predictable features of
demand and deployment. Once this allocation has been assigned, there are
rules for using this allocation in the group, these rules being able to accept

collisions or arrange signaling to settle the conflicts.

25 To resolve situations in the networks with a large number of hops,
many decentralized solutions have been proposed, only some of which are

mentioned below.



iolocation). Another family of solutions enables the absence of conflict
to be guaranteed without for all that determining an allocation to the stations.
It is based on signaling that allows a station to identify which stations are in
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Another family of solutions works on a preliminary network struc-
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network in groups or clusters. These clusters receive a family allocation (of



The invention relates to a distributed method for dynamically assigning
resources organized in disjoint classes to groups comprising at least two
stations, each group comprising an allocation table Tsi, each group
exchanges this allocation table by means of a signaling protocol with groups
30that are defined as being in conflict with it by a constraints graph, a graph
of epstslratitstietiRRABA Braynarneitgting faseddiyeRJraue t(RJIGEHYPE a
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the groups. 20If an allocation is used according to the allocation tables by an
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20  method for allocating nodes or links by negotiation and arbitration of conflicts
between the stations. The arbitration takes account of the traffic through a
priority function. Furthermore, the interference conditions between transmit-
ters and receivers aims to take into account a more detailed interference
model than the simple neighborhood used in the invention described below,

25 the model being known to the person skilled in the art.

The invention relates to a distributed method for dynamically as-
signing resources organized in disjoint classes to groups comprising at least
two stations, each group comprising an allocation table Tsi, each group ex-
changes this allocation table by means of a signaling protocol with groups

30 that are defined as being in conflict with it by a constraints graph, a graph of

constraints between the groups indicating for a given group A the groups that
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6 The interface J examines, for example, whether there are free
allocations Ai not announced by the intesfaces in conflict and assigns itself its
allocations. If an interface J determines an allocation An that it is not using
and 5 which J evaluates according to the arbitration function to be winning
over every interface in conflict using this allocation (by adding the interface

intority tablehang b”bdetﬁ,”mﬁff théheatablemof ﬁ@th&e&fmﬁm@@ﬂimxme kind
new.interface assigns the allocation An to itself, It is possihle tg use a family
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TJi, whether the allocation Adi is used in the table received from an interface

K that is in conflict; and

- the interface Ji uses the arbitration function to modify the allocation AJi in
the table TJi.

The group of stations may form a radio-connected set and the
constraints graph is determined by the radio neighborhood of the stations of
each group and by potential transmission characteristics associated with the

stations of the groups.

If an allocation is used according to the allocation tables by an in-
terface K and an interface J, and if J observes that the interface K is winning
according to the arbitration function, by deletion in the two allocation tables,
and if the conflict is of the first kind, then J deletes, for example, the alloca-

tion Aji in the allocation table of the interface J.

If an allocation is used according to the allocation tables by an in-
terface K and an interface J, and if J observes that the interface K is winning
according to the arbitration function, by deletion in the two allocation tables,
and if the conflict is of the second kind, then the time allocation AJi is pre-
served in the table TJi and the transmission channel is changed, if a channel

exists where this allocation is without the second kind of conflict.



the allocation is stable, i.e. in the absence of a change in the network
topology and demand, it converges towérds a stable solution, and does so
quickly, and it is able to detect the changes in allocation; it is able to manage
the existing priorities; 5it allows time/frequency allocations to be assigned in a
decentralized manner to groups of stations; the resources are assigned
quickly, possililg lidienfeicecofiamifieis éor atdewptbyidbdthse thicteeses free al-
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cofllpeatieasons resources very quickly, possibly in conflict, without waiting

on a relativel?/ long process tending to assign them without conflict;  the
method integfzABJHETARALLAGIRTRIIRGY b APERKES the thetidrisonaliseiagomd

beymishthesiaIpiRdobeBRhiig @ triadiiesationuiRdanuashsantitihg over

groups. . The transmission time or "overhead" is limited, and o
coR¥ERLEYRATARE ExcRRMGLYHASEIRAIGBERTGY ddinasths duigragrinto its
conilitdsanice yndieidting aliimesano losalized imanehbeshond) ofaianmter-

concerned, The solution propps d_maifes it possible to have dynamic alloca-
20fﬂ8ﬁ 8?%95\?&9%3 %@ﬁ{?@ tégngﬁétﬁe llocation at two levels. The separation

of an aIIocatiﬂn techni%ye into two Ievqls efn?]blest. reater reactivit% as ﬁhe.
. IS gosm e to use a famlyoqa QC, ﬂns comprising the following
allocation inside a group can beé centrafized and rely on conventional
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pretgleteation/ebrihjiongidadabifs where NDSj is a parameter of the interface

J.

An arbitration function defined in the following manner is, for ex-
ample, used: an interface being characterized by a request of the type C1j,
C2j, Cmj, where Cmj represents an allocation number requested by the inter-

face J with the priority m (the highest priorities being the lowest indices), set
SL,j= Z:"Ci,jand Lmax the smallest of the priorities considered, with L the
index corresponding to the priority

and J wins over K, NJ being the number of allocations of J and NK the num-

ber of allocations of K, if :
- either (S1j<NJ<=SI+1j and Sh k< NK<= Sh+1 k) and k >l or NK > Slmax,k

- or (Sl j<NJ<=SI+1,j and S|k <NK<= S|+1Kk) or (NK > Slmaxk and NJ >
Simax,j) and (NJ-SI,j)/CI+1,j <(NK-S1,k)/Cl+1.k .

If (NJ-S1,j)/Cl+1,j =(NK-S1.k)/CI+1 k there is equality.

The method according to the invention notably has the following

advantages:



assign the resources. Other features and advantages of the present
invention will become more apparent on%teading the description, provided by
way of illustration and in no way limiting, appended with figures that
represent, in order to 8 say that the description is provided to illustrate the
invention without limiting it: figure 1, a set of stations interconnected by a
radio netwbekadioaatiad rostabtevark; Bfithera2sensgrobalictdiageaim vk network

time/freq es. figure 3, an ex le of the structure of a .
transmisggﬁggﬂgﬁr%ﬂgo%pﬁgﬁg glo@r"e%ér%%sofg? rg’né”'m&l"séf?ore Sﬁ%d’g?&s and
assignabldaeg1se imushicend it is dijarte detentthodstgesuredliocatiorfaces
including two clusters and a 10bidirectional link; figure 5, a valid allocation
for the neti® R4 PREAIREF AR SYBHRaRQIIEAS figure 6, a possible

arbitration function to allJow convergence of the method according to the
Sinvention. 1 BTSSR &88@&%&3‘?&%8%\}8%@%%9 @ tHegeREabFed

of allocatingatinta-feegrieipeyofastaticees between several stations of a mobile,
multi-hop ad hoc network in a decentralized manner by proposing a method

to settle tileepresdoushs raentiesigdaxdgfiictsyinpa sbdthbbtedgniaooefiict. This en-

"Distributed!| i rstood to be act that in_normal operation there is no
I

prede- 20 w%e%@%%gsé] raegsept)oorl]?sitl!)ﬁ:%a(g or%slgué §(S:a?%nr;bgn ﬂ@tatlﬂgdal ocr:%tfﬁr}h a

and the sétidiietrdfroandistditausnbindamre doessiye drousets thechesvaroes.

100f the systems gapsidarelaeimitadanshitis Riakanle dgca e ?feeg&fckly,

network load many contradictory allocation requests are to rbitra _
The solutiBssidlydBedeifishladhre tanaiingopno? figfelinelydengyrocess tending

to assign them without conflict;

- the method integrates the multichannel and generalizes the notion of
allocation, beyond the simple notion of link or node allocation, to

15 quasi-random groups.

The transmission time or "overhead" is limited, and consequently
the exchanges of signaling between stations to settle the conflicts are limited

in volume and localized in a neighborhood of stations concerned.

The solution proposed makes it possible to have dynamic alloca-
20 tion of groups and hence to effect allocation at two levels. The separation of
an allocation technique into two levels enables greater reactivity, as the allo-

cation inside a group can be centralized and rely on conventional techniques.

This method may be advantagecusly exploited in radio equipment
for constituting networked communications systems that do not necessitate
25 (ad hoc case), or which minimize, the preallocation/configuration actions to

assign the resources.

Other features and advantages of the present invention will be-
come more apparent on reading the description, provided by way of illustra-

tion and in no way limiting, appended with figures that represent, in order to
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25resources to the stations Si of a mobile ad hoc network such as illustrated
in figure 1. 9 The time is, for example, assumed to be divided into
intervals, and assumes a synchronizatioﬁ of the network by any method of
the GPS (Global Positioning System) type or any other method, the
synchronization also possibly being ensured by signaling internal to the
network Moreover, several 5frequencies (channels) are available. A
give st AR APRSIREAR & Repuidedro v Hratrdeainestinr qvthneyt dmiting
butithe transmission and the reception cannot be done simultaneously. In its
transmission or its reception in a given time slot, the station uses one and
only orre dianael, thisethzinstaliposdittrbming dddeyencydia toetiesencyn ad
evasion (ﬁ]\ég)n%mpﬁpce, a CDMA (Code Division Multiple Access) code or
other techniques of orthogonalizing transmissions. It is assumed that
the transmission of a transmitter out of range of a station A (insufficient link
quality! crzgr‘ﬁ%?t?e PR BRI AT ARIBRALESY AR SR rfere with
reception of this station A (transmission from an- 15other transmitter in
range)* figurghb mietctradeortiihg i ure afitio trés panis sibanchechitd atare-
that assurpRSiNyeoRSIg! BXERANF SR AP EARS NG UL A DU He in-
defining groups of stations, called “interfaces” in the following,”some
examplest@ﬁﬁ/@ﬁéh are given, in a nonlimiting manner, in the remainder of the
de- 20scription. One of the objects of the method is to allocate these
interfasesfitaking,accetwd bf $hve ctaresdraintse Gres ithekelingeMacessteas and a
allocated, th‘f mc(ﬁtct'noaq may employ a second level of allocation depending on
the nature Of the interface, for example a "cluster” or a nonoriented link,

which determines 25 the allocations assigned to the interface using it. The
internal all§EHfion i8 KAGIAtBMCPdRIJARIRBUATK tRBCHE interfagrs piifigure
of the intexfaggedto be taken into account is described by knowing whether the
stations involved in the interface are always transmitters or always receivers

or somgtigs o1 of s aiher e IS e alRerSHOR USURIRES BPthe

have to be Taken into account, w means t
method according to the invention.

The method according to the invention notably has the function of
allocating time-frequency resources between several stations of a mobile,
multi-hop ad hoc network in a decentralized manner by proposing a method
to settle the previously mentioned conflicts in a distributed manner. "Distrib-

uted" is understood to be the fact that in normal operation there is no prede-

20 fined station responsible for this allocation and that the allocation and the

25

settlement of conflicts must be done locally. Moreover, the resources of the
systems considered are limited and it is probable that in the case of network

load many contradictory allocation requests are to be arbitrated.

The solution proposed enables the allocation of time-frequency
resources to the stations Si of a mobile ad hec network such as illustrated in

figure 1.
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10 allocation to the groups will have to be valid whatever internal allocation is
made for a given slot. The methodl assumes the existence of a
signaling ability between neighboring stations such that the allocations of an
interface (group of sta- 5 tions) are known from the interfaces in potential
conflict (the notion of conflict is explained below). The manner of assigning
resources to thig Bigaatintpicasmpitedsspresikisttandivadbd evermbefvals, and

confligtmBais, chﬁon[fatmfﬂ%%é%ﬂg%ﬁ%@?ﬁoﬁfg RALSPYICG obal

caEacity intended for signaling such as ted’in figure 3. tolt is, however,
ne
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method is described in the case in which the signaling is of a broadcast type
anHALSRES M2 RBRISIATE A¥Y '8 ¥tation and some (or even all) of its

neighbors. 15 The interface notion and the constraints graph An
interface hasfagivetestatimectmnismsitidwing teée/stations of twreentimieatefre-
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erface. solution proposed is 10
assieputiest zégitnersnaisaisinsotstsortdussdiontanfacgyvso tiretiskre tbastation
co fi e i ission.inter - |
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staliang. LRjkedrherd it mﬂ%@BPSHHQdBrFQ#zW&%Pa%ﬁGQQF&r’f-‘éOf the main

station. This type of interface includes, for example, provided in a

manner that is i asswagdiniingie farerasiasch livkafrdadBitR beinGthenyaiss
or central station; __ . , , . . e
a station A elnsufflment link quality) cannot be received by A, but in addition is
not able to interfere with reception of this station A (transmission from an-

other transmitter in range).

The method according to the invention is part of an architecture
that assumes the prior existence of various functions, including a function
defining groups of stations, called "interfaces” in the following, some exam-
ples of which are given, in a nonlimiting manner, in the remainder of the de-

scription.

One of the objects of the method is to allocate these interfaces,
taking account of the constraints. Once these interfaces are allocated, the
method may employ a second level of allocation depending on the nature of
the interface, for example a "cluster" or a nonoriented link, which determines
the allocations assigned to the interface using it. The internal allocation is

known to the person skilled in the art.

The nature of the interface to be taken into account is described
by knowing whether the stations involved in the interface are always transmit-
ters or always receivers or sometimes one or the other. The internal alloca-

tion function does not have to be taken into account, which means that the
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11 a nonoriented link (A B), the main station being, by convention, that with
the greatest address; one station and d{part, or even the totality, of its
neighbors. To characterize the transmissions from the interface, it is
defined which stations may be transmitters and which are receivers.
Although it is possible a priori to conceive various situations at a practical
levallodadifoll boviheg \gilb beslimitclbteei de e akbtie havade of thetstrizdrdilnatgion is

s,ta]t'l%ra%r fUP%f M\Q“ ?otfor example, the two following configurations: -
transmitter main station, receiver subordinate stations; to- transmitter and

receiver mainrsiatiQaReg SansAutenardierenrYRaEa MY S BiMioBSween

The constraints are then those of the model adopted from the ad hoc
nefifIBROOMDE iBtdiRisesuainteahihfAlncaarsdiaiodarageneseivt sta-
idefgied) HrteopsYRIENSHRERBABOR isousethl by testrresrwBhhrt

said to be in conflict of the first kind. Two interfaces that are not in the first
kintf SPEGTRE BRI cH RNV oAk ARRIRRE, "Rt Rl r s RigRRling is
staasfwgumadw @dﬁééhfpdlﬂptb?f@mmf * idtsecebietistalian imthemetheealloca-
interface are said to be ip conflict of t ec- 20ond kind. In this case they

PR e AT PR P 8 iR G B AR B L i such

Thesdltststiednts fayereepresented by a diagram drawn in figure 4, the tops of
which correspond to the interfaces and the solid-line edges correspond to a
conflict of thelfirst Rindexrd thecdesed-lindeddrs to arcpatiietcoftzotignsdogrid

kinﬁ1e stations of the interfaces concerned. By way of illustration, but in a non-
exclusive manner, a method is described in the case in which the signaling is
of a broadcast type and the interfaces constituted by a station and some (or

even all) of its neighbors.
The interface notion and the constraints graph

An interface has an internal mechanism allowing the stations to
communicate with each other provided that a set of time/channel slots has

been assigned to this interface.

One of the objects of the solution proposed is to assign these
time/channel slots to these interfaces so that there is no contention between

the various transmission interfaces.

Although the solution may be applied to interfaces of any nature,
the example provided uses interfaces having a station called the main or cen-
tral station and stations, called subordinate, neighboring in the radio direction

of the main station.

This type of interface includes, for example, provided in a manner

that is in no way limiting:

- an oriented link (A to B), A being the main or central station;



This diagram is obtained, for example, by knowing the interface stations, the
transmission characteristics of these intéfaces and the neighborhood of the
stations. The possibilities for allocation depend only on this diagram and not
on the nature of the interfaces. To obtain this knowl- 12 edge, the following
schema may be used: each station announces to its neighbors on the
signaingriame limkemBrfivesribeltigs togiogchyintenfewetisnatimatumice the
witt’gi@a%g@ﬂ&égg; nature of the announcing station: subordinate or base
station; 5- the interfaces to which the neighboring stations belong; - the
natu%@fémimwﬁ@@rbaﬁsi&fébsﬂrﬂﬁ%riaﬁaﬂsty,eoﬁfﬁwagh%éﬁéﬁon k has
neighboring stations that are announcing an interface B to which they belong
(and to which Kolorsraotdpetonge, kavnessiees wbaihaeiihiasace, it is defined

neiggtht;%h og of the sibo dinate. %&e atle sthone neighboring station is

sub At W%WB& s trBQS‘(EH ehErIE - AhadE 'é(ﬁ{ﬁﬁ), or both.

This first level ti ' ' b in.vari |t
enablos cach DULCL AL oI b Lo LG A fEUR i o
becaﬁs_éi,cﬁtir|avglv§ﬁec@ﬂﬂadima%hbm@dtﬂﬁliicts.&dﬁrﬂi@fit_mhdﬁhbarﬂ the subor-
det%ﬁﬂﬁﬂfgtgﬁ’o% ?ﬂ@?é‘ﬂﬁl?%%%? %95@15@%@%@@%9 ﬁgﬂfgﬁpat'ons:

interfaces 15 in which they are involved, and the contlicts of'the second kind

are -dl‘?é%@mﬂ%i' Hﬁéﬁ%@ﬂ@ﬁp%ﬂ@ﬂ%ﬁ%iﬁ‘&@@@fm;in_terfaces_ of _
subordinate stations. Physical allocation and logical allocation. Arbitration
functiean@inatef theiokiestrphtamnaeihiod asgardingritdhe il esttee AUbZ1Q!i-
sists in assigning slots and channels on these slots to each interface group of
stath"Hg m Y&Eentralized manner, so as to obtain a solution without conflict

such as illustrated in figure 5. This,assignment is.represented logi a
table of NSLO%EO%#&%E%&PS aacyc Eetpy%orsoew% (ct. f%8§§ Q?G%g%%ai%&unm%g ad
reptesenedveolisgical time slot and each row a channel. An allocation for an
25 interface will be represented by a value 1 in the column of the slot and the
row-of e IBkRIfRRES aMdoaeenmies anvanEe. TiREsaamentiis arsitsetientical

rmatehrdyui Medetality A martofidas PV GAcH ok fRIce3amPlss ¥1d to be
signaling slots are deleted in this matching). If the organization of the physical
franft 8 Hg i et s&i8nment remains valid by modifying the matching,

30with the reservation that each station carries out the same gperatjon. The
- Two inter?aces that are not |Sn the first klend 0 confﬁc{nangpwll:n?ch have, for

Ln

one interface, a potential transmitter station in radio neighborhood of a poten-
tial receiver station in the other interface are said to be in conflict of the sec-
20 ond kind. In this case they may have identical slots only if they use different

channels in these slots.

These constraints are represented by a diagram drawn in figure 4,
the tops of which correspond to the interfaces and the solid-line edges corre-
spond to a conflict of the first kind and the dotted-line edges to a conflict of

25  the second kind.

This diagram is obtained, for example, by knowing the interface
stations, the transmission characteristics of these interfaces and the
neighborhood of the stations. The possibilities for allocation depend only on

this diagram and not on the nature of the interfaces. To obtain this knowl-



13 representation in NSLOT slots assumes that the logical frame is repeated
every NSLOT. In the example provided it is assumed that NSLOT and
C are the same for each interface. 5As fie assignments of slots and
channels between interfaces on these slots are dynamic, conflicts will occur
in the process of defining interfaces or as a consequence of changing

neighborhoods, i.e. allocations will be made that do not conform to the _
corfBEn §rigoVARSitEaeMa théerore Yieck sean) statieri@nnmonesisHe its

intetéagiesdiecallpradion Milgoeagang: or 10 abandon. Similarly, once an
assignment has been made, a new interface having been created, it will

probéinyifiaviatesdtbetwrajiocationsriontgsieses ihaonfsdd with iBtype and
arbgﬁzati%rtl fruncfti n is introduced jn such g way that these varigus
mechanisms can be employed 3#1%'?&1& Y %@l%ﬁa%rcﬁﬁﬁ'&ﬁtﬁ%‘ arbitra-
15ti H@'@é} | ry..the allgcation to some

’ intéﬁg‘ggs to egg\%m}éﬁ?@ﬁﬁﬁg S(F;ﬁéee%tétr%h Sﬁjﬁi%nr%quirement of each
interfAgehature off e ADYFHPAJHA IR IR Rl VELY \%ﬁ@‘?’rﬁé"rq(gﬁ‘t?%ﬂ ﬁ“gas

according to the objectivé to be achieved. However, it must comply wi

foll BRIFRPRIIBE: SatitRs dhatratA TR e hamblieEaas  Bstanviirh they hatong
degigieiwbeileEnt NVise dOSEE 19518 URlaNitB e dusiRasd solely fé%i%or-

number of allocations of the interface A and the number of allocations o

intdlP2% % W RURRISMAIRAY R Ghiaticnepeianiemng Halkimipibordinate

101f the Bytertaectybwinssataibienier B anshBerelative)t@bdhien A wins 25relative
to C. If A wins or is equal relative to B, then A wins if the number of

allocations of Bhis finstéassicbadddaridtine sijpeditigns af Acapecedteeth vibdious
ways. It enables each base station to construct the constraints graph. This is
because, for a given central station, the conflicts of the first kind are deter-
mined by the announcements from subordinate stations and from interfaces

15 in which they are involved, and the conflicts of the second kind are deter-
mined by the announcements from neighboring interfaces of subordinate sta-

tions.

Physical allocation and logical allocation. Arbitration function

One of the objects of the method according to the invention con-

20  sists in assigning slots and channels on these slots to each interface group of
stations in a decentralized manner, so as to obtain a solution without conflict
such as illustrated in figure 5. This assignment is represented logically as a
table of NSLOT columns for a cycle by C rows (cf. figure 2). Each column
represents a logical time slot and each row a channel. An allocation for an

25 interface will be represented by a value 1 in the column of the slot and the
row of the channel, and otherwise a value 0. These allocations are then
matched with the totality or a part of the physical slots (for example, the sig-
naling slots are deleted in this matching). If the organization of the physical
frame is changed, the assignment remains valid by modifying the matching,

30 with the reservation that each station carries out the same operation. The



By way of nonlimiting example, the method uses the following arbitration
function: An interface is characterized By a request of the type C1 j, C2j,
Cmj, where Cmj represents an allocation number requested by the interface J
with the 5priority m (the highest priorities being the lowest indices). Set
SLJjand Lmax the smallest of the priorities considered. The letter L

corresesatsainthenp NS TConsideshyrwaythhexamidgitae fiellawingrepeated
arbitratioElgi_rBIIlon: J wins over K, NJ being the number of allocations of J
and NK'the’ntimber of 10allocations of K, if : - either 31,j<NJ<=81+1,j and

Sh,k< NK<= >I I - KNdEAS1+14 an
<NK<=51+1, T(L)Hre( %Q&@ﬁn%qéggﬁ\g @%ﬁ%ﬁéﬁoﬁ%lt (I\hllﬁg?j /8#1% éjrg%hé
<(Nraree kyreeeh interfaggNJ-SI,j)/C1+1,j =(NK-SI,k)/C1+1 k there is equality.
15This arbitration function is represented in figure 6. Valid arbitration

Sfunctions are ObtHIRRETINSRMHIY, BYtepREirtaNs/s grveen jinterfaces on

<(NKe&& IoWSed hek dn BN Kdmmisacipied oviih NIRN G focaguafiyefiniald ter-
pag of the ranges (SI,j<NJ<=S1+1,j and Sl,k <NK<= 3|+1,k) or (NK > SImax,k
an

ARG SOE AT GBS PHRNSAORF RN NG9 RAAeedhel Exaiosatigns will be

reguisei ent ptithe dtedaiersm aadtHae quietityiies e dpke Minir e Us tthEnReRee
values Cl,i do not depe

nd an allgcations and are announced by the signalin
et g e R R e e
10to thednienti@inssignoatidharpassibteraliachtisriseevembeyond ibe reqedste
th's‘ngﬁfﬂ& B%gr? IIc:rpe'ta e!'gCLfta\gﬁi ‘B'Fggggl?/shave to recover allocations to interfaces
in conflict.

An arbitration function is introduced in such a way that these vari-
ous mechanisms can be employed and lead to a stable solution. This arbitra-
ts  tion function also allows, where necessary, the allocation to some interfaces

to be favored, for example depending on the requirement of each interface.

This arbitration function may take very different forms according to
the objective to be achieved. However, it must comply with the following

rules:

20 The arbitration function notably enables an interface A to decide
whether it wins, loses or is equal with an interface B solely from the number
of allocations of the interface A and the number of allocations of interface B.

This means that the allocations are mutually indiscernible.

If the interface A wins relative to B and B relative to C, then A wins

25  relative to C.

If A wins or is equal relative to B, then A wins if the number of allo-

cations of B is increased and/or if the allocations of A are reduced.

The number of allocations added or recovered is, for example,

limited by a fixed parameter.



Principle of the method according to the invention 15 materialized by its main
station in a 1-cluster organization. An allocation is allocated not to a station
but to an interface. To allow the solution to be better understood, a
description will be made from an interface point of view, the materialization in
the stations being a problem of implementation, an example 50f which will be
given next. Genegrally speaking, the allocations may be described in an

abstract manhérioR RO LB BINAXBERKs; Bt BRibosusa the fliowing arbi-

cornptismiy & tdiocations at most. Each interface transmits to the interfaces
indicated as being in 10 conflict in the constraints graph (conflicts of the first
or decondriing)|siuh abeNr@IC faltepatidrofable typatdy, t6 &), Thej, where
meSAfl eRRUIRR AN AR B IR%F RAHBLIC EXGIaRIR ] AloSAombIES faRl,
interface then modifies its allocation table ahd re-transmits when |Fhas

5 redei@stlytheThlldéRgiornigbrss fronicritiemtebiiogs itheonftivtest orndites .ouSet

Pragticallxspeaking, these alloca- 15 tign tables will be transmitted on the
sigrgnﬁg‘ﬁa&a ef BQQ‘f éi“"été '%&féﬁ%@&%ﬁ'ﬁ%@%ﬁ%ﬁéh%ﬂ%@
descyi e other main stations of the interfaces in conflict.
Thlis %)%i?nts I(')]i\ll%g t é}%oﬁ%ﬂﬁo be considered local, the exchanges taking

placgdithe pigabhaeshafieach faﬂmiﬁt@%tr%ﬂo‘h"ﬂﬁ?&ifaffﬁ-by an interface

In view of the allocation messages received, an interface will modify its

alloeatianskraviansaytienambalocalienstibad brssisanicalk Thask: of
suc?essn_/e exchanges generally converge towards a solution. This

10 corVRRFERES & Endlired by the arbitration function and the manner of delet-
25 ing the.conflicts recoyering the allocations of one interface to the
oth'e??n & ﬁé%%s_gﬁqdnadq ggﬁtﬁé E@(ﬁﬁ nﬁéﬁtﬁf‘d@riﬁ%? reN|2 >I#%?a§’tkto
modify ifs gl ic fore, refranspittingd cafi leq an interf S
il 10 o N LS & SIS o A Ekleah O o SRR ez
phadesxdsanid et belaye hameliNikeShiedblanisms for 16 settling conflicts. for

adding and for recovering allocations between interfaces.
If (NJ-S1,j)/Cl+1,j =(NK-S1,k)/Cl+1,k there is equality.

15 This arbitration function is represented in figure 6.

Valid arbitration functions are obtained, for example, by replacing
(NJ-SIj)/Cl+1,j <(NK-SIk)/Cl+1,k by NJ<NK (associated with NJ=NK for
equality) in all of part of the ranges (SI,j<NJ<=SI+1,j and S|,k <NK<= §[+1 k)
or (NK > Slmax,k and NJ > Simax,j).

20 This arbitration function enables the expressed requirement of the
interfaces and the priority to be taken into account. These values Cl,i do not
depend on allocations and are announced by the signaling in the same way
as the declaration of the interfaces. The method according to the invention
assigns all the possible allocations even beyond the request, this being to

25 limit blockage situations.

Principle of the method according to the invention

The method according to the invention may be summarized as a

logical exchange between interfaces. An interface is, for example,



Phase 1: Elimination of allocations in conflict This phase is characterized by a
decision based on the arbitraton 5 functibn. To do this, an interface J looks,
for each allocation that it has recorded in its table, whether the allocation is
used in the table received from another interface K which is in conflict with it.
By using an arbitration function, the interface J decides to modify or to delete
the mkbdeasibredf s tsbroafrit datisedibyaalwitusheg trgafaretiFhefeliminatiton is
congnies ap1one a5 g a6 10 MAGRIRNS 255 Iy |8W{H‘e‘té’&'|‘ih}filﬂ¥%f 3Eelfter

that the arbitration function provides as winning (the arbitration function'is

depeiéRiatassl it dRpRbBHT afldd2rRicnada ke Aualkie ByceeRsting ehaiew, the
allogatiendn-saBHic ndhadushiniRitarerdBiths &ﬁﬁ’?"p@grﬁQH?AWﬁPErﬁ%ﬂﬁ‘ple

address is used as complementary arbitration for this phase. 15If the winning
intePfatBIRN¥/ith RRAINENIRNE first kind, the alloca- tion in J is deleted.

If the conflict ig_‘tof the second kind, it is possible to try, instead of the

preceding del SRR SRS B JRERIPERIQS NI D Bify S SRETDRSE i ab-

withirdberstasseiftthetg lis:asaligaatioT afithisnclass sge|asig amyseosttiot @ing

20this gllocation or having conflicts only with losing interfaces. If this

alloca %Caﬁ%'ésn%‘t'ai?%lt, the initial allocation is deleted. The allocation

table of J is hence madified | ly and j i, thi ich i d.in :

successive st?és(;%m%%%ggri %g;'l‘ngrﬁgg?f% Z?t?it?g%ﬂs?u\grgcﬁpodrﬁéﬁgs %8 ptgr%\r/]%em
lowinainylShimdreationsitionts gwpe areditieqf theafastionsaiemihitingntimedeble

of dRleens i Ehe BB RASES 7 b homeaoihe RSO BRSS

case of deletion. Phase 2: Assignment of free allocations The

intePfeidedicesrhaias @ abesahend b frebaaibbuaoasei bealsadibes pello-
anngyingedRethe dierfacRMtdneRMlichahR liRHaGsd BRBRASRIBRS from

these allocations to itself, 17 ' ‘ )
the interfaces in conflict or on a time out. Practically speaking, these alloca-

wh

15 tion tables will be transmitted on the signaling channel by the main station
and relayed by a method such as that described by the sequel to the other
main stations of the interfaces in conflict. This point allows the solution to be
considered local, the exchanges taking place in the neighborhood of each

main station.
20  Allocation by an interface

In view of the allocation messages received, an interface will mod-
ify its allocations and re-transmit the new allocations that it assigns itself.
These successive exchanges generally converge towards a solution. This
convergence is ensured by the arbitration function and the manner of delet-

25  ing the conflicts and recovering the allocations of one interface to the other,

i.e. the Phases 1 and 3 of the assignment algorithm.

in order to modify its allocations before retransmitting its allocation
table, an interface J will run an algorithm locally that is able to implement one

or more of the three phases described below: namely the mechanisms for
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The arbitration function does not intervene in this Phase 2. In fact, a winning
interface in conflict may not be able to assign itself these allocations, which
hence remain unused. It is important to'Be able to allocate all the allocations
to limit blockages. 5To limit the simultaneous assignment of the same
allocations by interfaces in conflict, which slows the convergence time, it is
possible to usef\_a cozfi uration parameter to restrict the number of allocations

asSRIHEY iF ORI Phale P HL ISR P ERYAG MHe GRS Refushs iBter-

thigsphase. In this case, it is not necessary to run Phase 3 if Phase 2 has
attributed the au- 10thorized number of allocations. Phase 3: Recovery phase
A ivalyecie &b chinatitic© Hlll ndtiing énatresflictissigned allocations. It is
therefore necessary to be able to recover them, doing so under the control of

the arbitratiorl Rifhefigs€ 18 PhRrpRigseasb MpreAraitioResed andhgarbitration
CORgiRigsIey 1 tesRidvg Phasaa aNablsSUIES0BYBRISMNSE B aRa T GCRYSTRY

allocations are naturally in conflict. The consistency in the employment of the

arsigsieshifuiit ek etisdhanhih e RYseation it SRR (e (BkieifesehedrE s

othafdthanpreradokalaratiens)cyiIRieARIATIRY D ardRgitRiBRAURLASh,
allocation de- 20 pending on the rules of Phase 3 and hence to assign it to

itsdiie dheediaton fetifas tenafibanbirdeleiedhs RUATHLCRBIIGIIBIRIRG is
on ﬁb?dlﬂ?%ﬁhﬁmﬁ@ iﬁ;dfgaﬁéniﬁf&@ﬁr?iﬂﬁﬁmbbﬁﬂﬁ@@ @l_kmiga_ahsim@rﬁw
or Is,in equality, throu arpitration function, in. comparison wigh all the
o RA Al AL T A (ISR A PP PR AR g Pro-
bevigeavaiatediby (2= anbitrgtibe fallotiatios tefentyetfacerandubybdelefinfoit
in the.conflicting interfac it assigns, this allocation, thus,creati conflict
S T e e e g R L GE
prdersss)it lis thecessaryftooqulaitk tive steiitna ol emsdiimsddr | chenpitendasy

in the first ki onflict, which leads to selection of "recoverable" allocation
claé]fje'ﬁrf;ﬁ%ﬂr&%ﬁ%gsoﬁgc%edf the second kind, it is checked that there is an

allocation in g LAWY AIGRIRe JORSHS WRAIG BeHUSHECRRWNIRD Hisca-

this allocation are losing with respect to the arbitration function. A stricter
poliey i td iprd@idiethe recovery if an interface is in the second kind of conflict
Is using the allocation, this being done in a manner independent of the

arbitration fulciish CBREGHISPHALE Sesstdindidt MABPBRRIEL {VineierRe of
nunbeasretégiaiidasdunNg this phiss e i dagoalgeréviananthimgearte etscthion

/ . In this ph d allqcation i itten into the table of
o I R Ry HETETEd S AL BB bR A SHEBR A o
thistadl eiaidation lus leadisgtedheiitdestagastvhesmthe eiitmations tare allocation
potggélgllr%t exist, the initia! allocation is deleted.

The allocation table of J is hence modified locally and it is this ta-
ble which is used in the successive steps of the algorithm. As the arbitration
function tends to provide winning J when allocations are deleted, there is a
limitation in the number of deletions by J. The following Phases 2 and 3 may

not be carried out in the case of deletion.
Phase 2: Assignment of free allocations

The interface J examines whether there are free allocations, i.e.
allocations not announced by the interfaces K in conflict. The interface J then

assigns these allocations to itself.



10 deleted to be made winning for the arbitration function and losing for the
interface J, thus naturally limiting the nuhiber of recoveries. Use of a notion of
an allocation family in the preceding phases According to one
embodiment, it is possible to integrate an optional mechanism that enables,
in the Phases 1, 2 or 3, a deletion, an addi- 15 tion or a recovery that has
been decidedd¢, astittehopt ndtitetslcaddot irteovenamahicRiwséaily fact,

linke Gkt B im RHPLAIH L RRNREIARRB AN t‘@%&é’aﬁei‘i%ﬂr“tﬂ%eI.S Bffoca-

accelerate b acting in this way onseveral allocation
ea&?ﬂﬁe‘ffﬁ heneprin@aiherirRRAtib I e tankio e ehleatstatvsgte 2l the

allogipgionisre fifia itk sgadiguration or randomly determined but fixed)
If the interface J assigns to itself or recovers an allocation K, before

sexamining othgy ﬁﬂﬂﬁm@rﬁnmmdhéﬁmd@d@b{rﬁgﬁmtﬂ%%ﬁﬁ@ HIssslicps ey
recover.the allocati K+n* DNSj, where DNSj is a parameter specific 25 to
g AoeH, B R

the SEHRRES (Boeibhy II bé‘mﬁ C6rtifathisIRsabimda use
indecatedfigutiatidallpariag dtea ttetmlﬂdoexamplmﬁﬁéh%s@nﬁmbhfsJa&ng@a in

on GHio e all cation A |t WI|| tem t the same action o
thug]as |gn£|1%g fttr?é aﬂt@’g rt¥ons y bu?e fQEﬁlry %%é?(&?ﬂﬁlgpﬁ‘ﬁepﬁasej In
|ntél’fa&ﬁaes@msnmehfaﬂ:&}saﬁqcmlmn]%ladefIlef\IBhase hediptetfineddake as-

10309 %rt Lan assign itself the allocation 5, 9, 13 etc.
be- I?g%ore H’mgéﬁt 6 égatlon 2. For each of these potential

allospyeRs: the cHRI Bﬁgg@se 2 or 3 are checked. The aim is, in the

context where the allocations are for example of the time-frequency type, to

process severahidmg Yiaeadiefave Aaf iRe ArasessiiisdPIsalnraliansca-
one(ﬂg%;ne but DNS allocations, which enables a significant reduction in

corl A s HRTE G BRSO GLIE oy HANS RN iging 88 Under the

interyemneisdantthagstiavidefen dtiaacessary, the conflicts on the allocations
K+n*DNSJ will be deleted, if the deletion of K has been decided on. The
I5arbitration fu nﬁnibnﬁbawmaﬁyptakmmiatﬁlmmumfm lﬂhesecniﬂist@“iqticmﬁsihese

oW Ehde SRR RO ASIRRA A e Rergoniade AhalRGRLane M
con Ct IS IS not OSS Ke ‘accourit O e ar ifra IOI’I |on
thewlalﬂ@mmlmt Wha:nqnmemadlmdmcﬂmu@wmm dﬁahaarmtrehsariurmnmn

SR ST D LU e
the allocations), where a station has decided to recover an allocation de-

20 pending on the rules of Phase 3 and hence to assign it to itself, the station
that had the allocation to delete it from its table depending on the rules of
Phase 1. If an interface does not have an allocation, is winning or is in equal-

ity, through the arbitration function, in comparison with all the other conflicting
interfaces having this allocation (the arbitration function being evaluated by

25 adding the allocation in the interface and by deleting it in the conflicting inter-
faces), it assigns this allocation, thus creating a conflict that will be resolved
when the other interfaces carry out Phase 1. To be more precise, it is neces-

sary to check the arbitration condition for all the interfaces in the first kind of
conflict, which leads to selection of "recoverable" allocation classes. For con-

30 flicts of the second kind, it is checked that there is an allocation in the "recov-
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mentation of the steps and the phases previously set out. The input
data are NSLOT (number of time slots t8be allocated), C (number of

channels), the various allocation tables (TK for the interface K). The
algorithm is run by each interface Ji to modify its table after 20receiving
interface tables Tiji in conflict, defined by the constraints graph. The

paifiiesr @asSsOMiel i teteniacssaniicude e jiie afeaiininarg losing with
allogati ' ily)..and.th £ IN ' ith -
e B B R e e Tl
exdanifderiaapisdydirtfinderd ontiseonistiasiadrs @iperdionothistisig

25 gRedifesTaemiR A hay berfixerdiy-aenfighatian for a given system
(for example, DNSJO=NSLOT/10, INDJO =1). If NCONF = 1+ the number of

interfaces in the fisstriadeobceniigtyitielndlyivalsrassinpitard pessoer of
dynamicallgq[élglﬁgﬁlgo = NCONF (if DNSJO> NSLOT/10) and INDJO= a
t

ran®dAtA0 I RREERAN EE NP R G 10T SleTRIE GierabuE ™
notg@ficehamdgiels phese yakies aredortiviciamd byswaytiehingicatiertdnieasenot is
very decisive Another par ter trols the algorithm.Valeur.and , .
s e e YA A e TR
thab (3o (Rhi tleadstéofdive Teviats ©verdte intedidmmHots arghpibtentially
arbjjrati ction.and F = if th iS. ality. JO and K.are.numbers
Rl N TR R T b T e
10Tedaakydrithus isatunaity Urditvefdhe marsraissioecolitsieslocation table TJO.

An allocation in the time slot "s" and the channel "ci" is denoted "s, ci". Phase
1 dépgief armesiamspkiap-allocation family in the preceding phases

According to one embodiment, it is possible to integrate an op-
tional mechanism that enables, in the Phases 1, 2 or 3, a deletion, an addi-
tion or a recovery that has been decided on, to attempt to delete, add or re-
cover an allocation family linked with this allocation. This mechanism allows
the convergences to be accelerated by acting in this way on several alloca-

tions.

To do this, each interface J examines the allocation of its table
from a starting allocation specific to it (by configuration or randomly deter-

mined but fixed).

If the interface J assigns to itself or recovers an allocation K, be-
fore examining other allocations it will immediately attempt to assign to itself
or to recover the allocations K+n* DNSj, where DNS;j is a parameter specific
to the station J (possibly being fixed by configuration, or dynamically defined
as indicated in the following in a detailed example of the solution). If J de-
cides on an action in the allocation A, it will attempt the same action on A +
DNS;j, thus assigning the allocations by distributed family, for example if the
interface assigns itself the allocation 1 and if DNSj = 4, the interface looks as

a matter of priority whether it can assign itself the allocation 5, 9, 13 etc. be-
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s=INDJO, first time allocation examined 15A- for each interface K in conflict
of the first kind with JO If s belongs to JO and s belongs to K with
F(K)> F(JO) or F(K)=F(JO) and K>JO (F being evaluated by deleting an
allocation in JO and K) hence 20Deletion of s from the table of JO Set s =
s+1 and return to A if not all the allocations have been covered. Note: The
talitecT D Kisg bt leactiliteatit o 2o A i sotieh tab it s iete fiyatha |detdibons the

; o h deletion.
E:#ggﬁ%ﬁ?‘?ﬁg%?ﬁ%ﬁ §t§F§(§@%&%%ome winning) at each deletion, and

lons. 25Conflict of the second kind (the table

TJO is the upgried{aRie) the cohSMAIBEAL AT ARRESAbIR HRREESHRDIe of

method. The difference is that instead of a deletion it is possible to change

thaEhdmRfragre RfyelyBe. 20 MEERF niR)IfBk tirsedsiriSordif g totR¥en DA e
C ptravailalis channrisatichdSIRMAZ RS )bilt e Sa8R Q4GOMIIGinBR enables

allocation is deleted (hence identical to the preceding method). Otherwise an

). Ot .
atBrajniGcARbEeHEHIRdR 98 YETRRAERIMBokiAG RS2 RR A HONSIRiRRG¥ RS
at thediasiaogrbion@ (el hiPabiseta sayctiatitheedosatonts cdamelts on

used by any interfgce flict (or apother variant llocati losin

i (ot el el R R R e S P

delgted on. Th&/hesiteatiati daatitonssdeteteal [(ofakenfirgt crceecondokittse de-
after its deletion and before examiningﬂ':hﬁ aIIocatiqns s+i the

immediate

ISR RV oI R Rl s dTdre e B e e e s alle-
si=tems DN SIGigihadbigh\ SLO Tofwiths sialé SicQakB NSdQ)rdnaf diede terbitcadibyn
S’ﬁ‘i%é%ﬁ' for these allocations, which might lead to more deletions than is

necessary, but subsequently recovered.

Exemplary implementation of the attribution algorithm

This paragraph describes in a detailed manner a possible imple-

mentation of the steps and the phases previously sef out.

The input data are NSLOT (number of time slots to be allocated),

C (number of channels), the various allocation tables (TK for the interface K).

The algorithm is run by each interface Ji to modify its table after

receiving interface tables Tji in conflict, defined by the constraints graph.

The parameter DNSJ0, which determines a pseudo cycle of exam-
ining allocations (allocation family), and the parameter INDJO are associated
with the interface JO. The parameter INDJO determines the first allocation
examined in the algorithm for JO. These two parameters (different or not from
one interface to another) may be fixed by configuration for a given system
(for example, DNSJ0=NSLOT/10, INDJO =1). If NCONF = 1+ the number of
interfaces in the first kind of conflict with JO, it is also possible to choose dy-
namically DNSJO = NCONF (if DNSJ0> NSLOT/10) and INDJO= a random
number between 1 and NCONF (but fixed in so far as NCONF does not
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If the percentage of slots in conflict is high, it is possible to delete s', if s'is in
conflict with K, without checking the arbitration function. 15Setting val =
Valeur If allocations have been deleted in Phase 1 the Phases 2 and 3
(option) are not executed. Phase 2 s= INDJO 20B- it is checked whether s,ci
is allocatable. Provided that s,ci is allocatable, it is necessary that s is not
us&ddyoany lineseaciuasRssipsonidacoby oydlicefandicmsiomery rre eblaveigl ds-
Sughsthat s,ci is an allocation which is not used by any interface in the second
kind of conflict. S must be free in JO. If s,ci is allocatable, the allocation is

written to TIQ\ndehafafzYantidtusoabrdlyanahaldhe@lasationsand limits the
s':s+n*DN§[f]_O gm,odulo NELOT éwith naNSLOT/DNSJO) and allocate s',ck
if tH4ARGE Qi RIS Bt SBI8S&et WAP=Val-1 at each assigned allocation.

Return tq B with s=s+1 and in so far as all the slots s have not been covered
antgkj g %ﬁ”&flﬁ X

a 5Se'3 If val>0 Phase 3 is applied s= INDJO C-itis

Chq@gfedtl\{mef\-tt]ﬁ);?i(i?) ri?'ﬁ?é/%?é?l‘gce JO wins over the interface K through the
arbitration function and F(J0)= F(K) if there is equality.

JO and K are numbers identifying the interfaces and are different from one

interface to another.

The algorithm is run for JO before transmission of its allocation table TJO. An

allocation in the time slot "s" and the channel "ci" is denoted "s, ci".
Phase 1

Conflict of the first kind:

s= INDJO, first time allocation examined

A- for each interface K in conflict of the first kind with JO

If s belongs to JO and s belongs to K with F(K)> F(JO) or
F(K)=F(JO) and K>J0

(F being evaluated by deleting an allocation in JO and K)
hence
Deletion of s from the table of JO.
Set s = s+1 and return to A if not all the allocations have been covered.

Note: The table TJO used at each iteration of A is the table updated by the
deletions. Hence F(JO) increases (tends to become winning) at each deletion,

and hence limits the number of deletions.

Conflict of the second kind (the table TJO is the updated table)

The method is identical to the preceding method. The difference is

that instead of a deletion it is possible to change the channel. Two types of



5s,ci is said to be recoverable if: s is not in the allocations of JO if sis
used by an interface K that is in the first2kind of conflict, then F(JO)>=F(K), F
being evaluated by adding an allocation in JO and by deleting one in K.
1()s,ci is not used by any interface in the second kind of conflict (case where
the number of channels is low) If s is recoverable, add s in TJO and set
Valrmetdiat Righthreugledihtoerdilg tation s sirsentDN S3@ilanledetamtislsOTF)C

(with n<=NSLQT/ONSJIO) and alloz cate s',ck if this allogation,is recoverahle.
S FL ket B3 2 Sl ORI isee datica
adddt theT J(l:eaadimigtimw:idbet@themihetlw taliien Tk i thadsade ahenmgiicthe

RetiBrifeeyiaass hARLiARa A Saks RN BRRAROYETRE o

Val >0. 20During the running of the algorithm, and in so far as there is n
scorfetgehesaly i poksinbaentise tel Hloehtead by conflisterfagsiig eenflict (or

technigHerafdhg i HMay SMBGdCRISh B A% Gsh e SAHEbHNRHREBHESK this is

It should be noted that if an allocation is no fonger used by an interface, and
thispieRpsidh 189 8lIRFRIAT IBARKNGEChniques will not create 25 conflict.
Conversely, if an interface assigrn,s a new allocation to itself, it will be

necessary to CheeR AR HRGAHRS R ARSI KADIDA BETHRS BRGRARFYERTN fMgned-
HAMAcafpetiiasletion and before examining the allocations s+1 the allocation

10 family s'=s+n*DNSJO is deleted. Run through all the allocations
§'=s+n*DNSJO {modulo NSLOT) (with n<=NSLOT/DNSJ0) and delete/modify

s', as fors.

If the percentage of slots in conflict is high, it is possible to delete

s', if 8’ is in conflict with K, without checking the arbitration function.
15 Setting val = Valeur

If allocations have been deleted in Phase 1 the Phases 2 and 3

(option) are not executed.
Phase 2
s= INDJO

20 B-itis checked whether s ciis allocatable. Provided that s,ci is allocatable, it
is necessary that s is not used by any interface in the first kind of conflict and
that there is a channel ci such that s,ci is an allocation which is not used by

any interface in the second kind of conflict. S must be free in JO.

If s.ci is allocatable, the allocation is written to TJO. Set Val=Val-1. Run
25 through all the allocations s'=s+n*DNSJ0 (modulo NSLOT)} (with
n<=NSLOT/DNSJO0) and allocate s',ck if this allocation is allocatable. Set Val

=V/al-1 at each assigned allocation.

Return to B with s=s+1 and in so far as all the slots s have not been covered
and Val >0.
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23 Example of the exchange method and implementation Here an
example of the exchange of signaling is2@lescribed for an implementation of
the proposed solution. It is assumed that a signaling channel exists enabling
each station to broadcast signaling data to its radio 5neighbors. Itis
assumed that each station that is a main station of at least one interface
forMBaseignaling message. This message indicates, for each interface where
the station considered is a main station, the allocations of this interface in the
forth \alzddbe9est ®prpligbether the interface is used or not 10 with 1 or O.
Note that such a table is associated with each interface (and not associated
with the baseS§tatiEhy Each interface may be identified uniquely by the
address of thekﬁm‘iin station and a number assigned by the latter. It is

asstintd HFE NG RKL A G e Bk this single mes- 15 sage.

Obyigusly,.t ve bandwidth, it.is possible to use messages proceeding by
trar%é%ﬁt%ad%l aebr%rrl%%%vrea{ E’ekrét'&ian transmitting all the data from all the

interfaces. Wg@m jﬂtﬁréaﬁ%%ﬁgnlggg% modified, it can be limited to the

transmission of a signature. In this case, It is necessary to provide

mechanisms fosrRaues datadransmissiRn{n andueiface i heoakCthen

inconsis- 20 tencies. It is also possible for a station to create a message only
for PR Grrd e naRsinsleeyAb AR GO naddin aninealion die Mantdeidsieting
Thege frassages are called allocation messages, to be distinguished from

other messages, not considered here, which are, for example, the previously

mestidisatbtiestal atjoanmetesges. 2 Shistgdhe declaspbonfiioeasagesiergthe
interfac[?s afbﬁse stﬂtio adjusts the list LO of interfaces in conflict. It

eIirWi'r?gl éas': ro?naf_rB? Se'?n?evy aces of which it is the main station and those

neighbaring the main a&a&iennt?yiaﬁBS£%gw40§|!$_t kin #oR5€ statianso.
Hence, only the main stations of the list L1 do no dlrectllly receive this
mesFiyEs s'=s+nid&Iu e thatNSlch B dioth kmewéehe Tidd W Sdejgahdralio-

and QL neighROfSIOLNSIHRA S recoverable. Set Val = Val-1 at each assigned

allocation.

For each recovered allocation, add it in TJO and fictively delete them in the

tables Tk in the case of conflict.

Return to C with s=s+1 and in so far all the slots s have nct been covered
and Val >0.

During the running of the algorithm, and in so far as there is no
convergence, it is possible to use the allocations in conflict by using a tech-

nique of the HAMA type (Lichun Bao and J.J. Garcia-Luna-Aceves).

It should be noted that if an allocation is no longer used by an in-
terface, and this information is not known, HAMA techniques will not create
conflict. Conversely, if an interface assigns a new allocation to itself, it will be
necessary to check that the information is known before taking part in the
HAMA competition.



5The base station forms the list A of neighboring stations that are involved in
an interface of the list L1 or neighboring a station involved in the list L1.

Let B be the list of neighbors of A that are not neighbors of the base station.
ioThe list of relays designated by the base station is a subset C of A, such
that each station from B is the neighbor of at least one station from C. The list
L1 s tran mitF&éo these rela The message transmitted by a main

ta'l%ﬂ'EBiﬁp? s f?&ﬁ??ﬁ&@gﬁP%ﬁ%immq@R%non that receives

an allocation message with a relay indicator O from a base station SC1,
relays the md38tRyans axaaplReh thesiynheawashvigrslistmindescs@t doddn

theMASSRIRIIRIALSS %%}WE%CEJMTBHT% ik %éﬁﬁ&%@km?asgiagﬁéw%fm

with a relay indicator 1. A station that has been designated a re main
stefiith BEEaRpFRIND eashestativrsoageonitrastalymingatsia totits radio

5 origigigiperfom SC2, but from a main or principal station SC1 that has not
been designated as a relay, retransmits the message in the following

conditions: |t is asEbemBtesrAge calatasde matnel reeminaidhedistldast one
pravided by SC2. SC2 does not have nejghboring stations involyed in the

e R R WO ADEaate TS T doste Jah AL et
mdssageiom ihensiatistatmm sehokdsie @ rmdasssiationHeonl centiies agein
conflict, The ding algarithm,i ed by each main station for the

intﬁ%@gg%rzﬁ%ﬁ% Ooi_gggg]e N%Ef)elc*lg v%e¥her?ﬁe u%erf%ce is useéh or not
10 with 1 or 0. Note that such a table is associated with each interface (and not

associated with the base station).

Each interface may be identified uniquely by the address of the

main station and a number assigned by the latter.

It is assumed here that the exchanges consists of this single mes-

15 sage. Obviously, to save bandwidth, it is possible to use messages proceed-
ing by transmitting differences rather than transmitting all the data from all the
interfaces. When an interface is no longer modified, it can be limited to the
transmission of a signature. In this case, it is necessary to provide mecha-
nisms to request data transmission from an interface in the case of inconsis-

20 tencies. It is also possible for a station to create a message only for part, or
even a single one, of its interfaces where it is the main station. These mes-
sages are called allocation messages, to be distinguished from other mes-
sages, not considered here, which are, for example, the previously men-

tioned declaration messages.

25 Using the declaration messages from interfaces, a base station
adjusts the list LO of interfaces in conflict. It eliminates from LO the interfaces
of which it is the main station and those neighboring the main station, thus

constituting the list L1.

When the base station transmits the allocation message, this is

30 received from subordinate stations in the interface and by the neighboring
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CLAIMS 1 - A distributed method for dynamically assigning resources
organized in disjoint classes to groups 6f stations comprising at least two
stations "inter- 5 faces", said stations comprising one emitter/receiver and
said stations exchanging informations by using signaling capacities, each
group of stations comprising an allocation table Tsi, each group exchanges
thidatiecdtitonabléeTise by mhetives b sgnaingairivie dist Withdth e gradirpstiyf re-
Stag%(;g {n%t ﬁ@sg&g@?d as being in conflict with said groups by a constraints
graph, a graph i10 of constraints between the groups indicating for a given
group A of SIpidnaslif R RS BALM AL RAYGHREIRT ALIBRANENT of
class as the allocations of A (first kind of conflict between groups) and the
grotfpi s ERbAGIENRCARe not in the first kind of conflict with said group A but
which, if they_use allocations from the same class as said group A, must use

different allocki®ri@Re Hah dasesdhrdist Asetinsjakhedrgntainaothat are
conilichaaiwean gieuRele beteaisod UG @ERHYBIHALIQ R Eatngiion, ENedtie the

therl‘.cFEIgcts and the assignments of allocations between the groups in
confiic iccording to the constraints graph, characterized in that it comprises

at least the fqllowi teps;.20- each interfa i fransmits the allgcation le
TJi associatQﬂé\)/tv\/\i,#:%te?oﬁ-iJ e"%ﬁgﬁg@&”‘%ﬂﬁaé@é gg Sg?na% %%Hch?%?rl?] tfae{?“e

corstsgiststgraph; - an interface Ji looks, for each allocation AJi that it has

entered in its table TJi, whether the allocation AJi is used in the table
received from' 8A liferfdeéaKstAap@NAleaMicheabesesstatie IneAace T iUsey A,

thesaepitirEOB LN GHRRAO ey %@"H&@g@iwﬂ i} {hedehiR GihtRRdqpHhat

if an allocation is used according to the al on tables by an interface K
and b ligtdrtdedranamitied ks EaR¥ethe interface K is winning according
to the arbitratign function, by deletign in the two allocation tables, and if the
conflict is of thaSir9GRAY R NSTUIAE s Ao R SR INncRERIR S orrelay
tabiledafztee witarfasedlu@6 5if an allocation is used according to the
allocation tables by an interface K

A station that receives an allocation message with a relay indicator

0 from a base station SC1, relays the message if it has been designated as a
relay station by SC1 and if the message relates to an interface from L1. The

relayed message is marked with a relay indicator 1.

A station that has been designated a relay by a main station SC2 and re-
ceives a message with a relay indicator 1 not originating from SC2, but from
a main or principal station SC1 that has not been designated as a relay, re-

transmits the message in the following conditions:

The message relates to an interface from the list 1.1 provided by
SC2. SC2 does not have neighboring stations involved in the interface af-

fected by the allocation.

In these conditions, an allocation message from a main station

reaches every base station from an interface in conflict.

The preceding algorithm is executed by each main station for the interfaces

that relate to it.



and an interface J, and if J observes that the interface K is winning according
to the arbitration function, by deletion irzfhe two allocation tables, and if the
conflict is of the second kind, then the class of the allocation AJi is preserved
in the table TJi and the allocation in ghexgiasgs is changed, if there is an alloca-
10tion in this class without the second kind of conflict. Otherwise this
allocation is deleted. 2 The method as claimed in claim 1, characterized in

that the in [ ther there are free allocations Ai not

il R A e
- Thesmethotaamslmngemhsowfestﬁttdammﬂslogaaat&eﬂtzwmrstthtatn& 4nter-
intefface-J QQE?%HSESE‘B&HPH%‘&%%Q Bk deis-Bivsing-andahighnb gy aly:

ates according to the arbitration function to be winning over every interface in
20 CHRMBNGSIRG TRIRIANSCRYio N HEBMg I RREEEe SRR i WBIQPAURNS

de|@6m¢ﬁ$m§1§d6&?||@§aﬂﬁth©m@€mca§at§hC@ﬂﬂ&biﬁﬁdﬁ@&éﬂtﬁgfaﬂ@c&%@t@
the ﬁllloiatlgn An to its

4 - The meth d f claims. 2

D Bma: et S S & Sns i
|Imltﬂ§Efl bydagsapametier conflibewrietsaid gmdmrmmlmmmlmtscgmehtalgmﬁn
jfhat g famuly-aflipganons s used SOMBIES t?@er'@WéH %ﬁBSA'B’frﬁatlons

inte-rface J assigns to itself, recovers or dele es an allocation, it seeks,

befdhe 85RUDY &iifmaYy B GRARGHITGHSNS 9%@@@?6‘@5@#3%3&/@“%3@”3

de'@ﬁAhﬂr@l'Qﬁ@t'@ﬂ@dﬁﬂtef Bétﬁb@th@t@dﬁ@)%ha &Ba| amgtasfcg‘télﬂenet@réaeee
as claime |n cI im 1, charac egzed in ha@t n arbltra on 5

h
o TS S TR YA LB B WARBLE Dgee aloes”
chat@otetmeui 0] aaiemjetasefathesa}@@r@ap B2inGhjysehdifie €mjakbprasemssn

15""” HiRCallan pi'mBEL r@&&beﬁgﬁﬂ ?¥%t§‘ﬁ8ﬁé“%ﬂ MHHM'E%M&EH H?}!,]‘? the

highest priorities being the lowest indices), set SL, | = YfCi,jand L
smadnettod using an arbitration function to settle the conflicts and the assign-

ments of allocations between the groups in conflict according to the con-

straints graph,
characterized in that it comprises at least the following steps:

20 - each interface Ji transmits the allocation table TJi associated with it to the

interfaces K indicated as being in conflict in the constraints graph;

- an interface Ji looks, for each allocation AJi that it has entered in its table
TJi, whether the allocation AJi is used in the table received from an interface

K that is in conflict; and

25 - the interface Ji uses the arbitration function to modify the allocation AJi in
the table TJi, and in that

if an allocation is used according to the allocation tables by an interface K
and an interface J, and if J observes that the interface K is winning according
to the arbitration function, by deletion in the two allocation tables, and if the
conflict is of the first kind, then J deletes the allocation Aji in the allocation

table of the interface J.



of the priorities considered, with L the index corresponding to the priority and
10 J wins over K, NJ being the number2sf allocations of J and NK the number
of allocations of K, if : either SI,j<NJ<=S1+1,j and Sh,k< NK<= Sh+1,k and k

1 o NKaAielna ks used ac%r@_é%‘lﬁé%ﬁ&a‘ti@ﬂdtﬁigs<w<§ﬁ s A0OK
(NK > Slmax,k and 15NJ > Slmax,j) and (NJ-Sl,j /C1+617,H(<_(NK-SI,k)/C1+1!k .

If (NS B)/ORrEredNRDE Ky easef esHbre 18 tiRigrer prdnhiemhaaceding
clairaed én-emie sifcriamstibto By elapsastenizer iwibhall e tiesadnes ar if the

time.fispuency fesources, 208 Themethod s claimed i ona of dams Lo
7, characterized In tha e groUp of stations forms a radio-connected set and
the cothsttainies Tghizautdl ith d etéroaitiedibyhin eleadic nbryigsotHbte ef therstditioas

10T ERGR AraHe A9 Ry RBIaNHIR! {LssIsRIPR ChHACEBRiER AsS Ariatabudtin
the iSSt%g?qudOf the 25groups.

2 — The method as claimed in claim 1, characterized in that the interface J
examines whether there are free allocations Ai not announced by the inter-

15 faces in conflict and assigns itself its allocations.

3 — The method as claimed in one of claims 1 to 2, characterized in that if, an
interface J determines an allocation An that it is not using and which J evalu-
ates according to the arbitration function to be winning over every interface in
20  conflict using this allocation, by adding the interface into its table and by de-
leting it in the tables of the interfaces in conflict, the new interface assigns the

allocation An to itself.

4 — The method as claimed in one of claims 2 or 3, characterized in that the

25 number of allocations added or recovered is limited by a parameter.

5 — The method as claimed in claim 1, characterized in that a family of alloca-
tions is used comprising the following steps: if the inte-rface J assigns to it-

self, recovers or deletes an allocation, it seeks, before ex-
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amining other allocations to assign to itself, to recover or to delete the alloca-

tions K+n*DNSj where NDSj is a parameter of the interface J.

6 — The method as claimed in claim 1, characterized in that an arbitration
function defined in the following manner is used: an interface being charac-
terized by a request of the type C1j, C2j, Cmj, where Cmj represents an allo-

cation number requested by the interface J with the priority m (the highest

priorities being the lowest indices), set SL, j = ZZfCi,jand Lmax the smallest

of the priorities considered, with L the index corresponding to the priority and
J wins over K, NJ being the number of allocations of J and NK the number of

allocations of K, if :

either SI,j<NJ<=SI+1,j and Sh,k< NK<= Sh+1,k and k >l or NK >

SIimax,k

or (Sl,j<NJ<=SI+1,j and Sl,k <NK<= S|+1,k) or (NK > SImax,k and
NJ > Simax,j) and (NJ-SI,j)/CI+1,j <(NK-SI,k)/Cl+1,k .

If (NJ-SI,j)/Cl+1,j =(NK-SI,k)/Cl+1,k there is equality.

7 — The method as claimed in one of claims 1 to 6, characterized in that the

resources are time-frequency resources.

8 — The method as claimed in one of claims 1 to 7, characterized in that the
group of stations forms a radio-connected set and the constraints graph is
determined by the radio neighborhood of the stations of each group and by
potential transmission characteristics associated with the stations of the

groups.

9 — The method as claimed in one of claims 1 to 8, characterized in that the

network is an ad hoc network.



