METHOD FOR DYNAM CALLY ALLOCATI NG RESOURCES IN A NET- WORK OF STATI ON
CLUSTERS The present invention relates notably to a nethod and a system 5
for dynamic allocation of tine frequency resources in a radio network and
also in ad hoc networks. It may be applied to STDVA (Spatial Tine Division
Multiple Ac- cess) systens. Figure 1 shows a set of stations Si

i nterconnected by a radio net- 1o work where the resources are organi zed in
Lime/ {1 equenERIGDSFOR BYRAMICALEY HICOEATING RESHAIREESEINANEFNY @ of ven
frequency sone stations w trans- 0 sone o el r nel ghbori ng
destination stations. For a WORK @FSTATION ChyiSEERS8hannel C is allocated
for a tine slot K The problemposed is to allocate the slots and the
frequencies to 15 transmtter stations (and to a subset of their

nei ghboring stations, called des- tination stations) in a distributed manner

by best using the available re- sources, i.e. by allow ng a maxi num nunber
of transnitters to 'U&preuerﬁamntblnomelatbsIrmta:lnjmftoraﬁnmjhod arhiaafsgdstemm' ng
rul es ither a.transm a receiver; the station

o s olor CyRBIR alob A Bt TegHe R Gy SEsdlubSs &t & Tagli etwarhand nd  ho

frequency Oéisél’r?aarh%%ﬁ{@t%bﬂ(s, and a station may only be a receiver for a
single channel and a single transmtter; if the station is a receiver from

a transmtter on a channel there are no aother stations neighboring this
station that are a lf MasRet2rRliegntor BEDMA (Saatiale hisnm &ivigiear MUltindenAthe
transm tter hei ggslehfstened to. It is also known to orthogonalize
t ransni ssi ons Ot by using other types of transm ssion to the
transm ssion at a given frequency, for ex 2 anple orthogonalized frequency
jumps, CDMVA (Code Drigues émhmaapeéoﬂetatleesﬁl intetanneTiad by garsidianebn of
transm fS' o\ir\}tsnrkI \pvhtsallfeo%hse fes llJJ'rcre(?ssarae o gﬁ|zrea m%lme/fre
guency slots as shown in
Figure 2. In a given time slot and a given frequency some stations will trans-
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:
¢ a 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;

¢ 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-



tion function that is assuned to exist, for exanple the GPS systemor any 5
other tine distribution system Variousj;solutions are currently being
proposed in the literature or in existing systens for the problem of

all ocation. The situation with the nost conventional allocation is that
where the assignnent of tinme-frequency allocations is carried out by a base
station; 1o the topology of the network is not necessarily star-shaped.
This base s@@pleoarthaaar@zedhseasnaynivems ¢BMAuBode quivisiare Mutidadic-
priorities gésﬁ%tag ggatur es of the stations. This solution is adopted
(partly or CO ge y) by a mgjority of civil- ian protocols using TDVA
(time division multiple access 802.16, 802.11 in 15 directed node etc.).

For reasons of reactheiorgarirationobiutsamersissions in slatalrgqeioss acsinehidnizd-or

mul tilink n@t rk% Oftha noderate extent. .1 n_the a{Hél';g) of solutions for ad
hoc net wor kEOM (HHGTIGNSthAL 1% d5RUMEH dOr Gtista forhexaraR aﬁgﬁeﬁbpé ¥ less to
t he topoj ogyth@aqnfe%igﬁ@uy()ﬁfs%@m_demand. 20 The sinplest systens have a
first-level allocation that is prede- fined and assigned to groups of

stations dependi ng \9n, redi ctable features of demand and depl oynent. Once
this allocation has %ré‘g-fﬁ aQlutighe dre cHEEBth, PeING pIaposearin (he r\'EPrﬁ rg or

|1 ti i : i e to accept «collisions or
erg(r:lgel g?gﬁa%%%g}ggﬁgp?ﬁ@%eﬂrg%%ﬁ Pfg%lgg:ag@hTo r esol vg situations in the

networks with a large nunber of hops, many decentralized sol utions have
been proposed, onl ylRsiuationmitbhther mosteanventismabellogatia isAthat vghereani | y
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cycle is petheadpeRigyofitReerREREk BNthRIcebadml) $thfsHapledt TPRSHEQN§{z3bA | N

exchanging signaling on a 5 particular resource called the preallocated or
dynani cal | ynanpgesathaiassignaentsthrough requirements and priorities of the features

of the stations.

This solution is adopted (partly or completely) by a majority of civil-
ian protocols using TDMA (time division multiple access 802.16, 802.11 in
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.



channel . This signaling enables the resources used by a station to be known
and hence conflicts to be detected, andsverification of whether a resource
can be allocated, without frequently indicating howto arbitrate these
conflicts or howto assign the allocations (except partly or in the
framework of a preal- io location). Another famly of solutions enables the
absence of conflict to be uaranteed without for all that determ ning an
al l ocation to the hdirstofanily organizasathedtransmisgicn img tasarvationoplsase, st at i on

to identify whjch Lons are in. con- flic t hi s. dependi on the type of
transni ssi dﬂ“'&h&‘i‘@ﬁﬁ@%,'" 88?%1”%98' E?BPWFd(bé’r?eErﬁ S@f%ﬂ?%ﬁh??'gﬁ}%ﬁe&ﬁﬁ’@r‘ or an
activation #idmisansifserfit@fdle (OpericdicdllyaBpeatedl | its neighbors or an

activation node). A pseudo-random nethod then allows it to be known, for a

' | ot at t af ' ' | th | ot
over conpet g sttt arner THENE! sbliRon SRR R b @ Riagioa 97 07 ut

does nots prpartidelas redduros calléd thke peratiovatedi or dyrmashiedhe alibcdtbe skfhatihgt s it
' ne segse it is sub-optiml, as sone slots cannot

can use. In additign, in ,
be used dueShang eﬂ}ﬁaﬁtgn- BY SfRRIEsciNgrespuUicRe Uset\Ryr & siatipnt o Ranknows

constraints %'?nﬂ hal Al héq{q 7 [ dard
and in the ?—m\gﬁﬁﬁ aLdéQEgl\% Elra%':tcclfg%l S yéﬂfﬂ%‘ﬁﬁﬂ g%yﬂg;[\t%q?a }QS@@% a-
Luna- Acev escatebe ailbeated nwitheuipinbduardlyi indisatitdh aowetb dbiteds tivedeeconflictg for 25
Ad- Hoc Networ ks" Journal of Paralle] and D stributed Conput] n?, Speci al

| ssue on W L0 25819RHE [adogationscexeeRiratln g amthechamemark of agueakng
"Distriqut elgc%ﬂ?rpnel Access Scheduling for Ad Hoc Networks", or again in

t he patent application US 2002/0167960. Another family of solutions works on

a prelimnary netwogk [yc-. t . t eyel For exampl.e, .a

di stributed );;r oceddé%olﬁ%F lﬁ%’?l’ﬁg’f L?Wﬁ'aﬁ%l‘?é‘%héeﬁt %bc?r %b?‘?f?(ﬁer 8E8§Rﬂ>'?t 9 Bgt ers.
These cl ustgigrahfeel Wrhéut ffialithal Heeahirng Gef albcatibRits )th&rtatidhss Itak! ocat i on
is dynam cally managed in this cluster (reducing to a base station type

managenent ) baged eosiEnadisarthaballoveeatstatian tedidgntitycubichratatianmareain ¢ait-es ar e
used for thg A8 {RbeRling orf tHEHBE f thREmRHIPLRVIEIFLE VA% B point (one
15 station to a neighbor or an activation link), broadcast (one station to all its
neighbors or an activation node). A pseudo-random method then allows it to
be known, for a given slot at a station, whether the station wins the right to
use the slot over competing stations. The method guarantees the absence of
conflict but does not provide stations with deterministic knowledge of the
20 slots it can use. In addition, in one sense it is sub-optimal, as some slots
cannot be used due to the multi-hop character of the network and to various
constraints between stations. This method is used in the 802.16 standard
and in the HAMA, LAMA and NAMA protocols by Lichun Bao and J.J. Garcia-
Luna-Aceves described in the publications "Channel Access Scheduling for
25 Ad-Hoc Networks” Journal of Parallel and Distributed Computing, Special
Issue on Wireless and Mobile Ad Hoc Networking and Computing, 2002 and
"Distributed Channel Access Scheduling for Ad Hoc Networks", or again in
the patent application US 2002/0167960.

Another family of solutions works on a preliminary network struc-
30 ture at two levels. For example, a distributed procedure for structuring the

network in groups or clusters. These clusters receive a family allocation (of



frequency (a channel, a CDVA code) to a cluster such that interfering clus 5
ters have different frequencies. (For exanple M Gerla and C.R Lin In | EEE
Commun. Sept 97 "Adaptive clustering for nobile Wreless networks"). How
ever, such a solution has sonme limts. First of all, it is necessary to
prestruc- ture the allocations into i ndependent groups to be able to
allocate the clus- ters (here a group is the set of allocations at a
frequency, siofs) whérthismmeah?mreisl(dyrfaiswcalﬁseqmagiaés;n this ickustercleadumiyg tooause ti ne
di vision). [For t
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di sj oi nt cl pesRsmafddbeRserchEPEluSteRdar! nbeisdesshil &dialdIens TheasBagr oup
conprising an allocation table Tsi , each group ex- changes this allocation

t abl e by nelanatiof par grcymannamgezpd e osofficigndesyinooms gsnua aad adaek dedthmed as
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The last family of allocations mentioned is the SDTMA allocation
by J. Gronkvist "Distributed STDMA in Ad hoc network” et "interference-
Based Scheduling in Spatial Reuse TDMA" J. Gronkvist Doctoral Thesis
Stockholm, Sweden 2005. In this thesis the author describes a decentralized
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



of conflict between groups) and the groups that are not in the first kind of
conflict with A but which, if they use different allocations fromthe sane
class as A, nust use different allocations in this class to those used by A
(second 5 kind of conflict between groups), the nmethod using an arbitration
function to settle the conflicts and the assignnents of allocations between
the groups in conflict according to the constraints graph, and is

char act eri ZBdy inot hawe allocaiions off theesarae classsas theealfagations rmg Astfespiskind each
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table TJi, whether the allocation AJi is used he tabl e received from an
interface a8 Ahmtust giserdifeient aecationg in thiseclass mtrme ugedube A (slesond

aroup. of" stsod 3hcoRlist BRer Vit okiaeied " utbo aledied hEEER s gr aph
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by potential transm ssion characteristics associated with ations of
the groups.cardligtacaprding bréei ensirainis geRrit @ords s atasterinedainitbatit com-t abl es

by an in- e J, and if J observes that the interface
Kis wnni n[gseg %é‘%(%ﬁqﬂge (I’t;" Vﬂ{ﬁgl %‘tratlon function, by deletion in the two
al I ocation tabl es, and t he c nf | kind, then J

del etes, for SRE ipEch Helraneras e Aliscagon Phid fdi asdabrgth ks anar e
t
by o (e Jnteffacks KeMAOE 85 Hehd b SORCL AT Y el digof, | 0031 L On HaD o8
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al | ocati on N, whethee-the allyestidnmAbing usallie tid tae detdieed frans BhIstesface hannel
i s changed, i f a channel 30 exi sts where this allocation is wthout the

second ki ndK #ratde it conflict; gnd

- the interface Ji uses the arbitration function to modify the allocation AJi in
15 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 transmissicn characteristics associated with the

stations of the groups.

20 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.

25 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

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



The interface J exam nes, for exanple, whether there are free al |ocations
Al not announced by the interfaces in aonflict 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
W nning over every interface in conflict using this allocation (by adding
the interface into_its table and by deleting it in the tables of the
interface in confli @?)‘ntecrf?é’ené\ﬁlxﬁrrﬁ‘ﬂr@*& foragxaragls; yhethercthere geafiesralan to

itself. It I%c%t@ﬁ?;%mcﬁ érﬂw‘dﬁﬁe ac@gllﬁ’%%bhf&?%nﬁoagydrr% g e

foll ow ng 1t elnefae assi tsel ecovers or
del etes an aﬂbbamnts on, it seeks, before exam ning other allocations to
assign to itself, to recover or to delete the allocations K+n*DNSj where

NDS| is a paramet elf £ intévade eeterfmeslan éno@erttyntmtmamt 5 sy giRf i ned in
the follow ng manner is, for ex- 15 anple, used: an interface bé€ing

char act ér i »8tchhy avaleqt@@sacmrdmetq mam_}ratlorciynctm fo Weewin@rg ovepr esent s

an al l ocation. nunb d ace th th r.i |ty m (t he
n anest - pr E9P g tasst et i alialion (b Eftomgtnenlsfadd/ib ¥ o1
Lmax the SM[E%WdébﬁnQﬁﬂ mrthéIt@tﬂeg@mmeﬂw@f’acevmtdbr#ndth%e hedﬁhter-
corresponding to the priority 20 and J wins over K N being the number of
al | ocat i ondaesd agsignsl thekalionationrAn teeitsedf al | ocations of K, if : - either
(SI,j<NJ<=SI +1,j and Sh, k< NK<= Sh+1, k) and k >1 or NK > Sl max, k - or

(S, ] <I\LJ< Sl +1, j aMdsﬁosbib@lKKaseSla*fam{Iy orﬁlaIIQM(ioﬂsstom;xriédnguﬁmb fllowingSl max, | )

2R S0 ﬁ'énsl it iofartace washiane,fo itielt, fRRoGEs Qb dolelbdaniaochton. dbent i on
notabl y hascble, bobloamAY G ABRENG)s (§8sabh B Soctigbbero - o T

t he absence o ange i n the networ t opo emand, 1t converges
towards a steﬁitadhecdllot:ammns Knd*DNSj where NDSJ is a parameter of the interface

J.

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

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

ber of allocations of K, if :
- gither (81,j<NJ<=SI+1,j and Sh k< NK<= Sh+1,k) and k >l or NK > Slmax,k

- or (S1j<NJ<=SI+1,j and Sl,k <NK<= SI+1k) or (NK > Simax,k and NJ >
Simax,j) and (NJ-S1,j)/CI+1,j <(NK-SIk)/Cl+1,k .

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

The method according to the invention notably has the following

advantages:



does so quickly, and it is able to detect the changes in allocation; it is
able to manage the existing priorities; 75 - it allows tine/frequency

all ocations to be assigned in a decentralized nanner to groups of stations;
the resources are assigned quickly, possibly being in conflict. This en-

abl es divided use of these resources to be maintained through a HAMA
techni que while eq%kﬁg_grogressively t owar ds excl usi ve use. 10 The

i nterfaces theref6r fian dp staie.de: i e absenseceka chepggun dhe petwerssi bl y

inconflict, wt L e J PL. O ing. t.o assign
t hem wi t hout con@iﬁ#gotg%?ﬁgn(?%ﬁﬁg@“ !tn%cgrg)re )’ﬁée% t#‘ﬁa%ﬁu%t%%ﬁ%n%a&%gﬂd and

general i zes the do¢s smqgaicklyalahddbisiabie tdestenttHehshavigeslie anetatm: of |ink or
node allocation, to is quasi-random groups. The transm ssion tine or

"over head" is.-|iifid gsle t@m,@bﬁég@smg@ﬁgtlrm pﬁdp@iegxchanges of signaling between
stations to settle the conflicts are limted in volune and localized in a

nei ghborfood of ; I Sl .t : i ossi bl e
o have dynam c i ons g eREEREE 2l aRone (b 3s A s BBES el on ot
two | evel s. The mapaeatd groups of statminkpcat i on technique into two |evel s

enabl es greater reactivity, as the allo- cation inside a group can be
centralized and thelresonrceerrerissineld duekIfi sissbly PRirfy MEddkCtMRNiskeh-

advant ageously exploited in radi o equipnent for constituting networked
comuni cat i ons s3Regndividest use 9fothesecasoutcaseto 1 (arintsiredt dbwughoa whi ch

i ze th | conti . . t S th |
Gher foat ures AnAMAAEHIRAE BitePHoRoC B petin. BuaRis erOWENECHR “ror e
appar ente on r eadT g itbeackes torgfor® havecorird@sctionsieselirdds W lo@ickly, on and

inno way limting, appended with figures that represent, in order to 8 say
that the descri pR9iPly & ppolichadthogt Maitingt e selatively horg prasessitending

limting 1t: 45 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 atlo-

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

This method may be advantageously 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



figure 1, a set of stations interconnected by a radio network or an ad hoc
network; 5 figure 2, a synbolic diagramof tinme/frequency resources;

figure 3, an exanple of the structure oB a transm ssion channel com prising
slots reserved for transm ssion and slots assignable to the in- terfaces;
figure 4, a network structured in interfaces including two clusters and a

10 bidirectional link; figure 5 a valid allocation for the network and the

i nterfaces i .and . figur ssiple arbitration function to
al | ow convegé‘@m:ag%@% d[q%é:npﬁ%q %Bﬂﬁ%{%ﬁﬂ ﬂ'{jg&%tset &'@ NMGRIRN ¥ OTBLF’P B9net hod
according tp: the invention notably has the function of allocating

ti me-frequency resources between several stations of a nobile, multi-hop ad

hoc network in afg@eents %lle! f dt41RALSHteRo e%%bsl)?r% F‘acfir@hlégﬂorkt&b@‘?tatdl e the

previ ously nmentioned conflicts I1n a distributed nner . stri uted" is
under st ood to behoteefvawk; that in nornmal operation there is no prede 20
fined station responsible for this allocation and that the allocation and

of the: Syetone TWER BiMETE ShaRfudf Mine ettty RAIRE ot T The case

of network |oad many contradictory allocation requests are to be
arbitrated. The Sglnet3 0an exapyse df ¢nalstrasturdef al {rassemissiorothanme dorequency
25 resources to the st?tions Si off a nobile ad hoc network such as.
illustrated in Pig08Slats rgsermgg for fansmissien apdslpfseassigrabiede the e di vi ded
into intervals, @?fg,cggsurres a synchroni zation of the network by any nethod
of the GPS (d obal 0Sitioning System) type or any other nethod, the
synchroni zation al so pos- sibly being ensured by signaling internal to the
net wor k. Mor edvefigurect,&r agtwosk stroqiused ircinterigcasrietislingrtevoaslasteshard a

10 bidirectional link;

e figure 5, a valid allocation for the network and the interfaces of figure
4: and

o figure 8, a possible arbitration function to allow convergence of the

method according to the invention.

15 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
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
25  resources to the stations Si of a mobile ad hoc network such as illustrated in

figure 1.



A given station may transmt or receive in one of these tinme or fre- quency
slots, but the transm ssion and the recepti on cannot be done simulta-
neously. In its transm ssion or its reception in a given tine slot, the
station wuses one and only one channel, this channel possibly being a
frequency, a to frequency evasion (EVF) sequence, a CDVA (Code Division
Mul tiple Ac- cess) Eo e or qther technl ues of orthaogonal i zing

i

transm ssi ons. 3@ b dOt SAMPlge a8$ §%t%§Pcﬂ1V'€Pdé“tpr'ﬁ?%\‘ﬁ@:t@?d out of
range of %s§uﬁbb%sy9‘1cﬁ1‘r6‘r§1?£tﬁdr?b%te ﬁ(%tﬂlﬁrlgwt'a\h}/%etﬁaarb%hé’%ﬁif@io‘ﬁ%ﬂ by A

but in addition is not e tointertere reception o 'S station A
(transni ssiRmsitionorg Systeld) ttypeem anyaotber triedhod, rthe aygehronizatiomed bo goac cor di ng

to the inveption.is art an af.chitect re supes the r|or
b St ence. Sy, PRin eRsike i, Sendling ineial 1 thenetwonk. - MereorSto ot dabs of
stati ons, q@qhgqmegl’e&ﬁéﬁﬁg}%sarelé],al‘l[Q§|efO| | ow ng, sonme exam ples of which are

given, In nonl1mting na in the remai nder of the de- 20 scription.
One of the objects of the method is to allocate these interfaces, taking
account of the con&t@laeﬂtsﬁﬂtlméyttmmli oIt ieceivedp anecofithese dimaior free  net hod

may enpl oy a al l.ocatio ependi.n nature o t he

I nterface, qPS Eﬁ% beu\{jll\egla3§%§310r6pn t %ﬁ%crqpét ﬂé:d)qnoEEe C%Recﬂm& Per ni nes
25 the all %@hs@nm assrapdistiont deitd rﬂé@ﬁn@ﬁemt@lg%ﬂ timeT818t, ItAk &Jtafdn
allocation is known to the person skilled in the art. The nature of the

i nterface tiSepe®NcaridHh qnﬂu enacheunel, |tblsdd’!§?¢1ﬂeb9§SSibV WmeQeﬂhemmra t he

ecci vaDs GPUWEREY b, LY sREGefE, &' R ICBIRDMsio S huBheThER

function d@é‘ésﬁéﬁdé"@r"@thb@té&mﬁcﬂ]ﬁ%rbf'dﬁr@g@ﬁﬁﬁmﬂg tranBiidsio@ans that the 10
allocation to the groups will have to be valid whatever internal allocation

s made for agivaeSQlmelhalTid108n S RURRSof & RaBYHIANR dafgebgnal i ng
ability between neighboring stations such that e allocations
i nterface (agstatipn &f (irstudficient link quality) cannot be received by A, but in addition is

not able to interfere with reception of this station A (transmission from an-

15 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-

20 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 noncriented link, which determines

25 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-

30 tion function does not have to be taken into account, which means that the



5 tions) are known fromthe interfaces in potential conflict (the notion of
conflict is explained below). The mannap of assigning resources to this
signaling is assunmed to preexist and to be exenpt fromconflict. This may
be prealloca- tion or dynam c allocation of a part of the capacity intended
for signaling such as illustrated in figure 3. to It is, however, necessary
to be able to propagate the si nalln the stations of t he |nterfaces
concer ned. 3YPCRBQN & the |aiQYRHM bﬁa"%(gi@ henvalich wihateues| intgroal altaeadien is met hod
is describedaiddMeqrk@ngidn Which the signaling is of a broadcast type and
the interfaces COI’]S?ItUteJ by a station and sone (or even all) of its

nei ghbors. 15 The inte constrain An.interface
has an internal -Iﬂ? %seﬂn?%ﬂ Eg%ﬁlrﬁssﬁ?ﬂgegggqchngﬁ&lg@lﬂﬂﬁi@gtbgwc?@l each
ot her proviriaghlidity 8ta%iehs ®uchi thief elraanedatphet st é}@%teﬁee@ (?ﬁ)’ijpgﬂﬁéitato this
interface. One of the obg ects of the solution proposed is To assign these

20 ti meSchdins) aredinowinofremdbe interfecesinepotentialeanfliciéthe nationoof light i on

appl Ted o P ABHHEL LRSI el of P b I B Sl hcos

having a stffsuaied gl bréxidtandeionb®exemipt flohtlosfliet iTHis angly BeréQsea-cal | ed
subordi nate, nei hborln? in the radio direction 25 of the main stati on.

Thi s type dfon erdTaseis dlaeatieresf apart fthesrpaciht iblensed for signatingerch t hat s

in no way hented link (Ato B), A being the main or central
station; ésnﬁ-m%tp%gﬁo?ﬁg f‘%% link (A B) the main station bei ng, by

convent i on that w r eat est a ress one station an
even the totality, 'E)fs th[ogvels{ E?lé’?’é?cf%m%@h%%?? éf%‘ﬂ?@& Ons from
; pg 'r 22 glr fv ggg sthfior S meqfac%svﬁareen%@tsw%ywmmrattroﬁnem i §rdnand whi ch
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.
15 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
20  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

25 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;



Al though it is possible a priori to conceive various situations at a

practical level, the followwing will be limted to identical behavior of the
subor- dinate stations. There will be, for exanple, the two foll ow ng
configurations: - transmtter main station, receiver subordinate stations;

io - transmtter and receiver nmain station and transmtter and receiver
subordi - nate stat.iops,. Th traints are then those of the nodel adopted
fromthe ad” amoﬁ'gf‘%ﬂlﬂﬁ‘ 86‘ %&3 Frﬁ‘f‘%‘Pfsz%té@ being. BB AABYEDIONS Eréﬂ‘téﬁﬂ’slh&ti ons
My not recgiafiedtdRidlibgfl s time slots whichever channel is used. Two such
interfaces Wil be said to be in conflict of the first kind. - Two

one i nter T ace SRR Apert BrEle ing IR o iR R™ o Ghbor nood of -

S 0" nei ghbor hood of a
poten- tial receiver statign.in ,the other . interface are .said to be in
conflict of the sep*?&ﬁqﬁﬁﬂaﬁf’ﬁ%."h? ﬁfaﬂﬁi*&s%%&%ﬁ%b&‘wm It e fr_t,eQI slots
only if §hewnhitgestatibhShRiYbe FRASMRIrs ARdIWIASILafd Rickivel§ese constraints are
represented by a diagram'drawn in figure 4, the tops of which correspond to

the interfaces and kd= 1 1 ne: es - ] f the
first kind and the 5@?‘9‘2@ rtﬁﬁe‘*dés%bi%%[ %”‘%ﬂ%?PP?@tggg’fater‘g ﬁ@@%@%%}, ki nd.
Thi s di agr apracticableatchéide félmwisy ariipbe, lintijedktoidentcalneeiavi@rdfane supbat i ons,
the transm ssion characteristics of these interfaces and the nei ghborhood
of the st at ABe stAignsoshens; Will e forreranple olbgtiveolRNBIrEBHIDyraionst hi s

di agram and not on the nature of the interfaces. To obtain this know 12
edge, the folreaginitersoaigfiatinn reeeiveslbasdivatestatipos, announces to its

nei ghbors on the signaling channel: - the interfaces it belongs to, each

i nterface istansoitereahdwédeivérsmiinpstatiod andhieamsanittee aofl rebeivansaboing
station: subordinate or base station; 5 - the interfaces to which the

nei ghbor i ng”é'{ea?t? ®45-bel ong:

The constraints are then those of the model adopted from the ad

hoc network:

- Two interfaces with common or shared stations may not receive identical
15 time slots whichever channel is used. Two such interfaces will be said to be

in conflict of the first kind.

- Two interfaces that are not in the first kind of conflict and which have, for
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-



- the nature of the neighborhood of the interface, i.e. whether a station k
has neighboring stations that are announcing an interface B to which they
bel ong (and to which k does not bel ong)p, k announces whether it has a
nei ghbor- hood of the subordinate type (at |east one neighboring station is
subordinate io in B), base type (one neighbor is a base station), or both.
This first |level of declarative signaling may be produced in various ways.
It enabl es each ?I\%Sﬁ)”station to construct the constraints graph. This is

e

because, for°H g WG SEhema MaY. PEhSaDLRaGN station BRBOYNGES: titid ar e

deter- m negkigibdrdQrAMecdIBc IR Eifariegpm subordinate stations and from
interfaces 1s'in which they are involved, and the conflicts of the second

ki nd are det gy+; r?féé b: nno r. ' ri.ng.Lnterfaces of
subor di nat e fs"r‘{ea[n'f% [ ons?. ngtﬁ%g%a %ﬁ@ﬁ@f’%ﬁ%ﬁ?ﬂ%@ﬁ?g‘? "ﬁf”f’&%é‘fﬁ%ﬁ!"g

Ar bi t r at i onthBurattiieoof this @noibuhbiegaltatent: Subbrdifstenetbaed agwei:ding to the

I nvention con- 20 sists in assigning slots and channels on these slots to

each intser fage igfeplaRe9to whicH iR VeigRodtifieaanbiebbppg; mnner, so as to obtain
a solution without conflict such as illfustrated in“figure 5. This

pos gnent L el FRLRSENR RRHERLY And inbABLE Y. WRHET EdtBio. hag 2 oyel e

by Crows (c I gure represents a logical and
each row a ngighbing statiah$ duzttarerarmounaing2in intéréadeaBeaowilith ey bPlorgent ed by
a value 1 i{]a\r)t he copl of the slot and the row of the channel, and

m of
ot herwi se a4 QeW '.CHT‘ﬁéjé’ésqutotted?ri‘@m%‘ aproynces whelhenddhas enneigbbeiot al ity

or a part ofodd8f eys %, (91 | ey S GeaAal:d are
deleted in t%}s mat ¢ |5ri1§ I.n%:tény?f?e(fagJ%ﬁ%t%&%ﬁ%lr@ngagﬁgﬁ ggp&laﬁﬁrggﬁe S
changedio t he Bjsbagatype (onemeigisbaras iacdbdse stativd)ybngotrthe matching, 30 with the
reservation that each station carries out the same operation. The 13

representation in NRH&Firstllevel dvpenRsatitdsignbingy hfﬁd S&brdd @R ihsvariensat ed
every NSLOT. In the exanple provided it is assuned that NSLOT and C are the
sanme for ea¥fys it epaklgs 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, s0 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



5 As the assignnents of slots and channels between interfaces on these
slots are dynamc, conflicts will occurjzin the process of defining inter-
faces or as a consequence of changi ng nei ghborhoods, i.e. allocations wll
be nmade that do not conformto the constraints graph. Arbitration is
therefore necessary to decide which of the interfaces the allocation wll
preserve or 1o abandon. Simlarly, once an assignnment has been nade, a new
interface mealesetatiamin NSQH slots agsgumes Hribhe legical f@medovepeatetiocat i ons
to interfac&;e iNEFC(?Ff”Ct' An arbitration function is introduced in such a
way t hat theséyval'l- ous nmechani sns can be enployed and lead to a stable

solution. This arbitra- 1s tion function also allo re necessary, the
al l ocation to sone 'Pﬁﬁ%ﬁ%&et%owaﬂﬁ éW'érﬁP"T#t@mV&@éﬁeécﬁrﬁdﬁ%n t he
requi rement g phe eddadnihdffee. This arbitration function may take very
different fornms according to the objective to be achieved. However, it nust

corply 1111 {oIAeYAGesiibtes 8 sFIE ALUFTEIEBISLIBBRERD .,

enabl es "an i nterface i't"wns,” [6Ses o

i nterface Bheséalotsfarendyinzeéniouodrefticts ofill adcae &t trenpradesthsf definig ater-A and
the nunber of allocations of interface B. _This neans that the allocations
are mut ual | \ACERAT 38 & FrNHesuUeNte phehandiag ngighbaripads, i.el allecatiops will Bad B

relative tonGaoliienah MhnSon@hn 6! Al dendhints dibph Wiblafbn i iguRler el ative

to B, thenermns I the nunber of al ca IS Tncrea rgnd/or i f

the al | ocathegsssafy fo akeeidecdtitdof The intifaess tie allbestisn Wik paskiede @
recovered is, for exanple, Ilimted by a fixed paraneter. 14 B% way of

nonl i mi 4 ngakansan Similkdy nenae Brugesighment diasoheely aade - athew iivkeripgact i on:
An int e”acﬁ?\gﬁ%ﬁﬁgfn%%&{e:dzﬁ%ﬁ’#{g@ébﬁgﬂ%% t8he<§)&yb%tr%a>g8§atﬁrls%to%{e adll, where

Cm represen |"oC on ‘nu gueste nterface J Wath the
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-
s 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.



5 priority m(the highest priorities being the |owest indices). Set SL, |j =
X;'"C, J and Lmax the smallest of the priorities considered. The letter L
corresponds to the priority. Consider by way of exanple the follow ng
arbitration function: J wins over K, NJ being the nunber of allocations of J
and NK the nunber of to allocations of K, if : - either SlI,j<NJ<=S|l+1,] and
Sh, k< NK<= Sh+1,k and k >1 or NK > SImax,k - or (Sl,j<NJ<=SI+1,] and Sl ,k

<NK<= S| +1, k) or ( > S| > I i nd =Sl ])/LCl+L,
<(NK-SI, k) / O +1, k Iﬂ<5’| Wa?ﬁ??'éf‘hﬁ”ﬁ%él\%’ﬁ”j‘p@( ﬁ%ﬁk?%%/‘dﬁe&w‘ﬁf’% '89i3§%'équa| ity.
15 Thi s ar Hrdtiomtfuaotidrunction is represented in figure 6. Valid arbitration
functions are obtained, for exanple, by replacing (NJ-Sl,))/Cl +1,]

<(NK-SI, k) / - ' RYVERN - ity e @l | of
Part of the f anea s R ee 1 R Cob WePe ° g o

and NJ > SIGak represeotstan stllacalion atuimberfraquestod mniis adetface dxpitessed
requirement_of . the interfaces and.the priority to be taken _into account.
These val uddP&Y i Mo (ﬂ?ﬁ héélﬁiﬁr}d Qﬂ?”gfe?ocboﬁ'ri’%nsth%ndoyfeé{aaMQﬁ?éed t he
signaling ip, thegsape way ,.as. the declaration of the interf S., The met hod
accor di ng t‘gL’t’ﬁngﬂgzﬁtaingd'm%iri‘%ﬁg‘a;P%(%I e&f?é'it'ﬁﬁé:oé?fﬂd@éeﬁicﬁ’f%'eét\%n beyond

the request, this bej o 25 limt blockage situations. Principle of the
st thie

t
met hod accdr BPHGRY) ER{Yon The method according to the invention may
be summarized as a |ogical exchange between interfaces. An interface is,
for exanpl &-onsiderkyt way &f exampls therfollewing arbifeation functiort- ¢l ust er
organi zation. An allocation is allocated not to a station but to an
i nterface. Jroins dvar K M) beingt themunobéreofadkoceationsiofié et A the ndeder iopt i on
will be rradc?l frgm an ipnterface point of view, the materialization in the
stationd beARGAUWONS 1R ey of i npl enentation, an example 5 of which will be

gi ven next. . .
- either Slj<NJ<=8I+1,j and Sh k< NK<= Sh+1 k and k >l or NK > SImax k

- or (Slj<NJ<=SI+1,j and SLk <NK<= S|+1k) or (NK > Simaxk et NJ >
Simax.j) and (NJ-S1,j}/Cl+1,j <(NK-SI.k)/CI+1 k .

If (NJ-SI,j)/CI+1,j =(NK-SI,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 (Sl,j<NJ<=S+1,j and S|,k <NK<= §[+1 k)
or (NK > Slmax,k and NJ > Simax,)).

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,



General |y speaking, the allocations may be described in an ab- stract manner
t hrough a set of NLOC disjoint classes,1each class conprising C allocations
at nost. Each interface transmts to the interfaces indicated as being in
1o conflict in the constraints graph (conflicts of the first or second
kind), the table NLOC*C (allocation table) relating to it. The nethod
assunes a nor eri odi c,_exchange of allocation tables. Each

or. |l ess . AL ( I
i nterface t rﬂﬂiﬁﬁsi%'tgt@aﬁl platiop dn a1 -qlugiee ORgRNIFRLIGN: Ly AlPsatiel$ it has
received th ' I, ; i-at enf ' ' atine
bt ract | Slsaed Bt fa SERIGFRO(E Bn AFACR; £6 MEGANCIARN toBe BEUET B ¢
on the si gnahdergtadthrendesbyptidnewitbbe eade iflmm aanidterédaey pdinbyf aievet thed such

as that described. by the sequel to the other in stations of the

"t erfaces MAGAIERNER I s Saienn bl 2 aobiarE A OTBErosTtARoReN EGHEPEer o

| ocal , the gr&RRRIAGH Hea%ib?ﬁlngkf.‘ce in the neighborhood of each nmain station.
nter

20 Al location by an i ace In view of the allocation nessages received,

an interface wll = | ogat j : -tra L b L W

al l ocations that i {Tg 0§ r%%s§é$aski+4‘.ﬁgﬁ'@@%“éﬁg{ééﬁ%it{?egéga&rﬁpaefdsgkggeﬁ%r ally
conver ge t ogaactsmanaerl thiro@dh a Hut f NLOE efig)6iRE Elasse s nsattedlaby chbhpriging trati on
function and the nanner of delet 25 ing the conflicts and recovering the

al | ocat i onsCotllosationyabogte to the other, i.e. the Phases 1 and 3 of the
assignnment algorithm In order to nodify its allocations before
retransmitting its Bbthdatarace tramsnoits 4o that ietdrfeeslindidated ws beaingl mor i t hm

| ocal ly that i bl.e to inpl enent one .0 e of the three phases, descri bed
bel ow: * AameP9nTiREin e 2 aints Gehd coutiels ThS dBtariséeond kvl ol Band 1 or
recovering N_L'G@’@¥ Rzabish WasB) by td RCESe nfIASE absufFesd ARlré @R |&Ys
allocations in conflict. This phase s characterized by a decision based on
the arbi t r apededicexchaoge o alivoatien tatiles. Bach mterface then medlfies itoalleach
al location %Qﬁ‘cgn Gblg%%dr fe-transmits when it has received the allocation tables from
the interfaces in conflict or on a time out. Practically speaking, these alloca-
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 recovéring 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



corded in its table, whether the allocation is used in the table received
from another interface Kwhich is in conflict with it. By using an
arbitration function, the interface Jltlecides to nodify or to delete the
allocation of its table if it is wused by a wwnning interface. The
elimnation continues as long as there are io allocations are in conflict
with interfaces K that the arbitration function pro- vides as winning (the

aval uat ed By 7 SoRRiCE BT RRIAR, Bl on FeiBRRG, SlasBinbs ERR IR aces).

In the casdagds.equality the station address is used as conpl enentary
arbitration for this phase. 15 If the winning interface Kis in conflict of

the first ‘PHH?;e”EIu%'nH@ﬁé‘n ofiaPBchflofsiif COHR ged If the conflict is of the
second kind, it is possible to try, instead o t he preceding deletlon to

keep the al l ocat i of ?4 Bﬁ?sfﬁdcﬁg}?&%?zég yaat l:l881§ onotgas ‘%H e %Eﬁggil : s 'f

there is an all ocatlon 0 ass, rng-any conflict

al | ocat ison fomctivay iTegdoahfsl, iast mterfdge Wilbdkd, dsi Bgch rillecatiereshat! it hbbirs-
allocation does. not exist, the initial allocation is del eted. The
al | ocat i on CKIRG inpits jable, w@ﬁﬂterﬁbalallpéatl%@amﬁ dhthe tahle reegived b e which

I's used in g ﬂwc—fr%fe‘?l%%bé@mﬁ\ ¢ n? Rhﬁ/ﬁt RMAX B Sgrl{glrbﬁ‘gntapﬁltrgﬂphtfurﬂ'&foﬁhere s a

function ten 0 provi alTo are

25 |i mit at it interfabe Jndedides td ndﬁlf@tordoai&eytelhe'ﬁllecéﬁmh oWitogatiteasieds 2 and 3
may not be carried out in the case of del etion, Phase 2: Assignment of free
al | ocat i ondISEREPY AtMINPIRGLINtEEaGE IHeselnibatien continues as |PF@@SatIhPEﬁ:af€? ons,

e bl OGbLahdate AIBBHACCHIRYintdHackBRHACHR Ktlifatfiiflickbn pFBE

i nterface 30 aSS|gns ese ocati ons |tse
ar bi trati owvidasnag mm1m|dg>¢merm’b|tra1ioarfuaoman 3 dé‘pehdalnasa tBe numbexaif,alla- wi nni ng
interface in conflict may not be able to assign itself these alloca- tions,

whi ch henc&atighgi i '%ﬁl‘i@lé@teq Pyl‘%e@tl*ﬁﬂ)meaﬁﬂoqaﬁ'oﬁe'”a(Eﬂ"Ef“Q"d”éhﬁdﬁ’&t igteit | t he
al I ocat i ongak@yl e LACEREFality the station address is used as complementary

arbitration for this phase.

15 If the winning interface K is in conflict of the first kind, the alloca-
tion in J is deleted.

If the conflict is of the second kind, it is possible to try, instead of
the preceding deletion, to keep the allocation class and change the allocation
within the class, if there is an allocation of this class, deleting any conflict on

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

does not exist, the initial 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

25 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

30  assigns these aliocations to itself.



5 To Iimt the sinmultaneous assignnent of the sane all ocations by
interfaces in conflict, which slows thel7convergence tine, it is possible to
use a configuration paraneter to restrict the nunber of allocations
assigned in this phase of the algorithmby using the nunber of iterations
of this phase. In this case, it is not necessary to run Phase 3 if Phase 2
has attributed the gu- to t{i]or' ze f allocations. Phase 3. Recovery
phase A newy creat@be AR eﬁdwgl'”tef‘{?é‘ea'ﬂr@@d@h%%%?g%@chl | oca-

tions. It ig Jifgh f|ﬁfé?fé@:%clﬁ5é@ffwcttrﬁa?eho@l?}eeat‘él ggs%h@'g |tEQI?rﬁ1 n@:aso under

the control of the arbitration function. 1s ecorrp Phase 1
and the conédns, adigh bencmmalqueldaﬁeslmmﬂﬂrﬁstotbmahdenaeﬂlgmtemli the fact,
recovered allk0 t|o ) argj[ln rally in conflict. The consistency in the
enpl oyment 3 8”% Pl gleﬁnctlon bet ween the Phases 1 and 3 |eads (at

| east if there are no other changes in the allocations), where a station
has deciided to recolRiMdhthg sigay n@ﬁua@szrw@mwfgth@nsarne 3ligications bphase 3

and_hence e nidontiRe AR ol tn Eahient dAnd 3l SRl 670D L0

delete it from e dependin Fnterface

does not haa/e:oaﬁgaﬁaltlona;barametestd\nremrlﬁgtrw numbieR ¢ lidkatibny assighedah the
arbitration function, in conparison with all the other conflicting

i nterfaces WE/PHRPE o @eaﬂl%etam BY U@tr}ﬂethﬁrrlﬂmb%ﬁ ploteratiors pbiinehase.doal uat ed
by 25 addi ”tﬂst?fsea'ﬂflg‘?%tt n%@e%%rQQSr E@Cﬁe ‘Ww%s?l ongé?h QgtéeldetQF the

conflicting in aces |s al I 06s

conflicto tMmbnmedhubﬁmmeﬁaumaﬂmnwhen the other interfaces carry out Phase 1
To be nore precise, it is neces- sary to check the arbitration condition for
al | the intRPhase 8 RekolvBpy phask kind of conflict, which leads to selection
of "recoverable" allocation classes. For con 30 flicts of the second ki nd,

&S checked that & hgify hodiB HkASEE VA 1ha ditfie dRERY dRioRARlGa.Cl asses

where the interfaces whith use thrs Ioca on are respect to

t he ar bi t r atiorsn Iffisdiogrefore nkcessaytterbepatbie ¢y récovied tlpemhdblnt; ddendeahegery if

an interface is in the second kind of conflict is using the allocation, this
bei ng control of the arbltratlon function.

15 This phase complements Phase 1 and the consistency of these
two phases enables the convergence. [n fact, recovered allocations are natu-
rally in conflict. The consistency in the employment of the arbitration function
between the Phases 1 and 3 leads (at least if there are no other changes in
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-



done in a manner independent of the arbitration function. 5 As for Phase 2,
a paraneter may be used to limt the nusber of iterations during this phase
of the algorithmand to accelerate the conver- gence. In this phase a
recovered allocation is witten into the table of J. It is provisionally
deleted fromthe tables of the other interfaces in conflict in this

al l ocation |l eads to t i.nterface ere the allocatiops, are
potenti al | frpB'edéqlaeetsga W'berﬁgﬁﬁdﬁt@ ﬁﬁ.%vg]&i?e thig 2lppationarepsinghwithon and

| osing for rb?.geétrl ﬁérafrlﬁfr%tlém fﬁrﬁBf%n”ﬁ\téfﬁ&Hﬁoi éir}ltt?/rb?%ﬁlpﬁ e RRSSy ﬂf

recoveri es. a notion of an allocatio e prece |ng phases
Accor di ng tan overfacebisdhrtbatsecond ikinchoksarilic is asingt thgralioeation,chis beingal

mechani smthat enables, in the Ph feB 1, ﬁ' gr , 6% del etion, an addi 15 tion
or a recoveflN& A Mandepindergadentef the arbifa ?’E‘g'w‘ﬁﬁ'of‘o del ete, add or re-
cover an allocation famly linked with this allocation. This nmechani sm
allows Sthe converg‘b?\f,@'sp%/@)s%g ac@@ﬁ%@lémaﬂyb%@ﬁﬁﬂdoihﬁmt thes nvmbedirﬁ)fseveral

al | oca- ti 3 atids ‘& nbg tﬁls 5& o?ttﬁé c?ntﬁ éﬁg‘ rl‘e%gﬁe“ﬂ?eé%%;é?? s

table 20 froma St ocatlon on or

random y degeice. i fieig ptmrsefa xe&fb)verécf audmtbnt@rvﬁr&tem ﬂ1t@$l$é eHilsie o Ji tsigl £ or
recovers an al] ocation be- fore exam ning other allocations it wll

i medi at el yprét”fs@rﬂ@dwt@'%@glf@qmttbe|t@§|@5f0f the Otﬂﬂ)err'@&ff%iestlﬁecoéiﬂlcéé%ﬁhléns K+n*

Ficed by conreaiehs Ths BT e TREHeCE ufrerk dne AoRRROAS Ard moRERRAY' Y 2 1O

fol I owi ng ideletedetoahé ethdxaimiing ¢6r theeardittationoithctidrd adddesingifgethedm-an
action in the allocation A, it will attenpt the sanme action on A + DNSj,

t hus ass.gntfeﬁ‘gcwetfmrbaiafa"admwg thespympat etrecaMenies. for exanple if the
interface assigns itself the allocation 1 and if DNS = 4, the interface

| ooks as 3odUsae odiat rotion ofaincaliecatigrefdraily in thewprecadigg phassst the al | ocation
5, 9, 13 etc. be 19 fore looking at the allocation 2. For each of these
potential allocati ohscortling toconé esribodiferinait ds ossible do antoiyesticesn op-

tional mechanism that enables, in the Phases 1, 2 or 3, a deletion, an addi-
15 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
20 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 DNSj is a parameter specific

25 fo 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

30 a matter of priority whether it can assign itself the allocation 5, 9, 13 etc. be-



The aimis, in the context where the allocations are for exanple of the

ti me-frequency type, to process severalgtinme slots and to have not to s

process NSLOT al |l ocations one by one, but DNSj allocations, which enables a
significant reduction in convergence tinme. For reasons of consistency, this
mechani sm al so intervenes in Phase 1 where, if necessary, the conflicts on
the allocations Ktn*DNSJ wil|l be deleted, if the deletion of K has been de-
cided on. for& lgpkingrak thenalierationoh Fer aashafl thesearetential alleeationst theor t hese

de co 'et'%ﬂ?enaWﬁeZb?B%%%h%’é?\%@ convergence when the percentage of

all oca- tions In con I S not possi ble to take account of the
arbitration function f.or. theeallo ation eadtom)
deletions than is Scaé@slérﬂ'ﬂ 8u 0@935%%83{‘?? Pgétb%"?%r(? Oﬁféﬁm éﬁ?

i npl ement athé Ringd- frbh@eﬁé} ftyﬁé'ttboﬁro%b%@eb@fﬁl]tﬁné'@létsp@rﬁ@%%mledﬁélcfd bes in a
detail ed manner a gosm | e- nmentation of the steps and the phases

previ ousl y psegessus L@IT@UQ@@@I@“@@DQ Wr@nWSLLcUDPdﬁualbmats@ﬂsxwh@hsermbées o be

al | ocat ed C nnel Qus t bl TK f

the i nt or 1 AcORCaNh R Bliof 7 8RRy Sheptn Tl EB2pRons PERSSlRS vl 1y 1 1
tabl e af t emedhar@sfidlsd thtbRiepelas Pkl ﬁsthre if heeeséaryCthe denfliggcbody t he
constraints graph. The paranmeter DNSJO whi ch determnes a pseudo cycl e of

exam i ni n@h%laﬂl@@%ﬂqr@ng’fommﬁda@lﬂche daleted)if thendeletien i asdbeamdeo ar e

Al T ocat i on OB PRI Rysibr (nFPBPERE SR MG R b gbne 1Tt

(di ffengnt |Stlond0HIWSBr 20 ads|émnte cbRvergbRc@Ndchethe ParreRRgli ofesliobd-
configuration for a given system (for exanple, DNSJO=NSLOI/ 10, |NDJO =1).

| f NCONF _tmmsunecmlilmies high, itris et aessible te Hake jacspunt afiths ach;tﬁauimtt with

NSLOIT } 1:))S ilr@éhoﬁ %Fa%@g"%]?gﬁ%n% Chb&%akla% Wﬂxﬁd@% QIH “&d i n SO

far as NCOWecdessrynplt AfbseganBelecolBrse val ues are provided by way of
i ndi cation but are not very de- ci sive.

Exemplary implementation of the attribution algorithm

15 This paragraph describes in a detailed manner a possible imple-

mentation of the steps and the phases previously set 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

20  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

25 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



Anot her paraneter controls the algorithmValeur and limts the nunber of
iterations of Phases 2 and 3. 5 By defaualt Valeur = 1 Note that F(JO > F(K)
if the interface JOw ns over the interface K through the arbitration
function and F(JO = F(K) if there is equality. JO and K are nunbers
identifying the interfaces and are different fromone interface to another.
io The algorithmis run for JO before transm ssion.of ifs allocation table
90 An aliGOAE)oasr YalEs AR PGvHed b WA PR RUCE SR AUl Srnot¥ely ot ad s,
ci". Phase glgi@nflict of the first kind: s= INDJO, first time allocation
examned is A- for each interface Kin conflict of the first kind wwth JOIf

s bel angs 10 90 ands el QasmLier s FE) o) Moy ERIFRIOend K10

(F bei ng eval uat ed by ting ocati on ence Del etion
of s from tranbedidfateratio3 offehases=2 amdl 3and return to Aif not all the
al | ocati ons have been covered. Note: The table TJO used at each iteration of

A is the tgb} gefapttarfidupy it he deletions. Hence F(JO increases (tends to
become wi nning) at each deletion, and hence limts the nunber of deletions.

25 Conflict 90 e A ; i Btdtpdat The

method is i%@tﬁttbggr?@ ﬁgkgrqe%eélgﬁaéﬁg?ﬁ\ggg%ﬁitrﬁrﬁer encgqv@ebﬁ%ﬁ} i nst ead
of a del et iarbitidtiondupcissi dhe F(40)eHdKyd thére islegoabty. Two types of 21 net hod
m ght be used according to the nunber C of available channels. If C is |ow

(2 to 3), iJo the Kase mimisarsfibestifyinghteaintarfaicscind arelelifedredt froenege
identical to the preceding nethod). O herw se an attenpt is made to change
the channdntesfacedelanedgror a channel ci that is free at the time allocation
s (or s'),

10 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, ¢i".
Phase 1
Conflict of the first kind:
s= INDJO, first time allocation examined
15 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(J0) and K>JO

(F being evaluated by deleting an allocation in JO and K)
hence
20 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.

25 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



S that is to say that the allocation s,ci is not used by any interface in
conflict (or another variant by allocations |osing through the arbitration
function). If this is not possible, the allocation is deleted. Wen an
allocation is deleted (of the first or second kind), inmmedi- ately after its
deI etion and before exam ning the allocations s+1 the all ocat ion 1o famly
s'=s+n*DNSJO i s deleted. Run through all the allocations s'=s+n*DNSJO

(modul o NSLm)hqd/mghtrb&mctﬁpmgmthm menkeel i @vRjlable chaggelsodf €. 1 the

per cent age @olios G LLE or kBnlibEe HodihisHaigafelal Bkicd 1, S

|5|n confl'tc chec e ar at’i tting

val = Val euto tHe Ppréceing q*neth\yeOmwwwtelaet ettehipt ABasadé thehBhgsepe2 and 3
(optlon) are not executed. Phase 2 s= INDJO 20 B- it is checked whether s, ci

i s al | ocat a®lannebpyJeekind foraa chapneli g that)is fraeqd the tine ajlacatianes §eirs) t hat s
I's not Ussegﬁh%hsal%ys%%f Er?&&udd&nbh% gl |§ ?\Bt h%é@b?fanﬁqﬁ{elrfa%E |ﬁ%gnfliépgot t her €

is a chann oca not

i nterface iandther sataitdbykalotatbng (ting tHrough thesarbieatiarefinictiodQlf this is, CI is
all ocatable, the allocation is witten to TJO. Set Vat=Val-1. Run 25

t hrough al W&@S&!h@dﬁ?.%’%ﬂ%@r&wmsbo (nodul o NSLOT) (with
N<=NSLOT/ DNSJO) and allocate s',ck if this allocation is allocatable. Set

Val =Vval -1 at eachV\&@Qi&;rneHDCaitibodaﬁElﬁﬁed Reftthe dirstoorsegiont kind)rimamedi-i n so
far as all t _heen covere d V 2 hae3 | f
Val >0 Phasct SR oS A ser AR e braliedlomeehb e alfeitn
recover gpl efamily s'=s+n*DNSJ0 is deleted. Run through all the a!locatlons
s'=s+n*DNSJO (modulo NSLOT) (with n<=NSLOT/DNSJO0) and delete/modify

s', as fors.

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

', if s’ 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- it is checked whether s,ci is 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/DNSJ0) and allocate s',ck if this allocation is allocatable. Set Val

=Val-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.



5 s,ci is said to be recoverable if: s is not in the allocations of JOifs
is used by an interface Kthat is in the first kind of conflict, then
F(JO)>=F(K), F being evaluated by adding an allocation in JO and by del eting
one in K. 1o s,ci is not used by any interface in the second kind of
conflict (case where the nunber of channels is low If s is recoverable,
add s in TJO and_set Vat=Val-1. Run through all the allo- cations

s' :s+n*DNSﬁ3“{§ﬂ)§ul 0 NSLOT) (with n<=NSLOI/DNSJO and allo- cate s',ck if
this allocation is recoverable. Set Val = Val-1 at each assigned 15

al | ocat i on.If ¥al>0cRlkase divappkatl al | ocation, add it in TJO and fictively
delete themin the tables Tk in the case of conflict. Return to Cwth
s=s+1 and in so fars=alNDithe slots s have not been covered and Val >0. 20
During the running of the algorithm and in so far as there is no

conver genceG- it s ¢tiedkedsiidtRet 9 clisGetb@rableocations in conflict by using a
tech- nique of the HAVA type (Lichun Bao and J.J. Garcia-Luna-Aceves). It

shoul d ke notiqd shivab Bé‘re%lavg}-dﬂpé;ﬁtl on is no longer used by an in- terface,
and this information I's not known, HAVMA techniques will not create 25

conflict. Conversel igns a new allocation to itself, it
w Il be necessary tsglsc crﬁn}e;]Q[O%Fﬁgﬁgﬁfgjmti on i s known before taking part

in the HAl\/Aconpettlo anp t he ex nge .met hod and

i mpl ement at i on Heré SIF 45 Y@nd'f‘t ﬁ&eg{Mﬂﬁg@ %‘Paﬂs‘gb'ﬁigﬁog&oﬂg'cﬂég%m bed for
an inpl e”EF'(EJ@}ﬂiF@KPfF bBmgPeReHRE ByCAdtihG2n dlbcbﬁoﬁﬁ?b‘@%ﬂdtﬂéﬁée@tlﬁ 9”.6" 'ng
chan- nel exists enabl ing each stati'on to broadcast signaling data 1o its

radio 5 ndinghbdfs. It is assumed that each station that is a main station
of at |east one

10 s,ciis 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 Val=Val-1. Run through all the alio-
cations s'=s+n*DNSJ0 (modulo NSLOT) (with n<=NSLOT/DNSJ0) and allo-
cate s',ck if this allocation is recoverable. Set Val = Val-1 at each assigned

15 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 not been covered
and Val >0.

20 During the running of the algorithm, and in so far as there is no
convergence, it is possible to use the aliocations 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

25 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.



interface forns a signaling nmessage. This nessage indicates, for each inter-
face where the station considered is a main station, the allocations of this
interface in the formof a table NSLOT2E whet her the interface is used or
not iowith 1 or 0. Note that such a table is associated with each interface
(and not associated with the base station). Each interface nmay be

i dentified uniquely by the address of the main station and a nunber

assi gned bt}anﬁpieaéf %%I&)'fﬁgﬁi#gggtag’e ﬁ'OtB at%t h? exchanges consists of

this single mnes it is possible to
use nmessages proceed- ing by transmtting dlfferences rat her than
transmitting all tierdaraekampleabl thehexchiangerdfadgsalingfienicderibad ésif age i s no
| onger m)dlfl it .can ?ellmtegwiuthe transm ssion of a signature. In

this case, 'MP ?qrgerp]t@g@géaé Ne PERsss tigge Mds agsdmgdthat émhnaaiham
transm ssi gy f&aes agnbingl Eaes éthléﬁ‘e(oCBI%%d%st' @g@%ﬁhg &9& &p?fseﬁa aidt 1s

al so possible for a stati"on to create a nessa even a
si ngl e one,neaghbdrs. i nterfaces where it is the mai n statlon These nmes- sages
are called allocation nessages, to be distinguished fromother nes- sages,

not considered her gt is\WdsQmedlrttat £8¢h Sp6HORItRat i§ REMBIEMhAGS by atRAst bhoned
decl aration nessages. 25 Using the declaration nessages frominterfaces, a

base st ati dMerfage iats aHegnalsg message. nkhis messegerindicatasi fer. eaah istdrmi nat es

fromLOth | | on thos

nei ghbor i ngaéﬁwrgélgﬁﬁét% {'%ﬁr{\w&oﬁgldéed isné ?[ﬁaﬁﬂiﬁ'%f'h hef @90 Pns\/\ﬂFW'§ he base
station tramenfats it e RIrhP6R4A italdle NESISAUEC \AIH@tﬁeﬁtﬁe id@rfaeeas weed lof %m

subordi nate stations in the interface and by the nei ghboring 24 base

stationd. Mdicéd ordhiNoterdbaiheugh attablednasseciales witk each interface (and oty re-
ceive this hat each station knows the |ist of
e ors AREOGR ulh the ASS MR -

nei ghbors neigh hbors. 5 The base station forns the |ist
A of neighboring StEat Iholrr]1 ahc%[ m%ry 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



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 nei ghbors of
the base station. io The list of relays designated by the base station is a
subset C of A, such that each station fromB is the nei ghbor of at |east
one station fromC  The list L1 is transmtted to these relays. The nessage
transm’tteg}? a main station conprises a relay indicator wwth the val ue 0.
15 A stati S@I‘Fé@“‘?'&:é’*% Ahathemain éFﬂt'@é§§édBe\Aﬁst h1ddo aplsfirettyiteat or 0
froma basece%egm] SCiaer el ays the message if it has been designated as a
relay station Sle "|f t he rressage relates to an interface fromL1l. The

rel ayed nessage is ed vm a cator tation tha as been
desi gnated a rel ay l{)rGi Biagt é&o L AROYE th?d'sﬁef{}@@ Oﬁ%ég‘gé’g with a
relay indi qﬁ@ﬁbc;lrsmhe%b@rgatl ng fromSC2, but from a nmain or principal
station SCl1 that has not been designated as a relay, re- transmts the

a0 1 Sr L1 Y Base 3y B BB isT2 BRREIGRBLANE SR Al oL 200

fromthe list L1 provi 0es no ave n orihg stations

i nvol ved i rintdieed it enfinteefaat of 2be tistcl doryeiyiisorid actatiaminvbivetiliesiee

condi tions, WFQ al location message froma main station reaches every base
station frd hinterface in conflict. The preceding algorithmis executed
by each main station for the interfaces that relate toit. 256 CLAIMS 1 - A
di stributed met hod LedrB dpnthei bl ofyneigkbaesi efgArtbebare ast oeightiors of ithe

di sj oi nt Cltﬂa%%?t é{g groups conprising at |east tw stations, each group com
S prising a LAt on table Tsi , each group exchanges thi s allocation

table b f | t t hat defi ned
2, ng I% eans ot g @ l?srt]%f Irquyg Elgsiaﬁg{ed\%y Rae basegsrt(a?t%il ns is a%ubgertec 0 AI ned as
such that each station from B is the neighbor of at least one station from C.

The list L1 is transmitted to these relays.

The message transmitted by a main station comprises a relay

indicator with the value 0.

15 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-
20 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 L1 provided by
SC2. SC2 does not have neighboring stations involved in the interface af-

25 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.



conflict with it by a constraints graph, a graph of constraints between the
groups indicating for a given group A the groups that may not have all oca-
tions of the sane class as the allocations of A (first kind of conflict
between i 0 groups) and the groups that are not in the first kind of conflict
with A but which, if they use allocations fromthe sanme class as A, nust
use different allocations in this cbﬁgiwgo t hose used by A (second kind of
conflict between groups), the metho g an arbitration function to
settle the conflicts and the assignnents of allocations between the groups
in conflict according to is the constraints graph, characterized in that it

conprises at | ; f ol | : h i [ Lts the

al | ocati onalt atﬁf%'{)&ggs@g#a eﬁﬂ'waﬁrﬁaqﬂcapyo%?ﬁlgn‘%féegrq?ugg%é Oﬁﬁérﬁ%?@é'ﬁ ed as

bei ng in caijbinticldsees he rommss camprising Apbast twisiafibas f é8¢h drodoedm, for
each allocatjion AJi that it has entered inits table 20 TJi, whether the

al | ocat iSon PASING an gdacrtion takie Tabl eacherorpaxchapaesiihis alleeatioretable bhat is in

conflict; - L - U ' tLon,fa [ to nodify the
T ocat i on g3 G 8 §ERSIAFERobobRB thardlos A’ 4R dottid B8l TFT 1
charact er i zeaflich withait by aasoastraingt jRiphi & gestd cheonstaing betiden ahd ocati on
tables by an interface K and an interface J, and if J observes that the

nterface WPSPNTHEAHGERITGH aiveg G9LPnd (B8 oy fort meumat it Blpcac et on
. t t ; 1 . i . e Y
hen oer dPRE IR GRS o2 HpEr SR AU Bl P BT o

face J.1026 grups)Taed reé hpdups thatabredot ih ehaifimtlking hefr emifiati wigd A muthat i f
an allocation Is_ used according to the allocation tables by an interface K
and an i nt evhigleif Shey afg allocations &preéhe ramet fass gsehs Buist Kspdifferent ng

according t I hEat LM 0 i i ; cation
t abl es, anciacr IP?QE%@’ Q‘oﬂ"ﬁa%,&%gitg té?%h(%g@ggc%éggiﬁwdﬁﬂg hdgnéc{}ﬁ'é&\ﬁ%ggéé@f t he
al | ocati on dvbups), e sestied using ke aditrstiohRlfunction td etitd tiee abhfditts and he cl ass
is changed, if there is an allocation in this class . .
the assignments of allocations between the groups in conflict according to

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

- 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
20 TJi, whether the allocation Ali 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.

25 2 — The method as claimed in claim 1, characterized 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 inter-

30 face J.



wi t hout the second kind of conflict. QGtherwise this allocation is del eted.
io 4 - The method as clained in clains2¢ and 3, characterized in that the
inter- face J exam nes whether there are free allocations Al not announced
by the interfaces in conflict and assigns itself its allocations. 5 - The
method as clainmed in one of clains 2 to 4, characterized in that if, an is
interface J determnes an allocation An that it is not using and which J
eval u- ates according to the arbitration function to be w nning over every
interface in conflict using this allocation, by adding the interface into
its table a@nd Dye dmihdJ@taBmgaimediin cgien t athlacactefizeden that drdraalescationéonf | i ct,

th terf th L | Al t t Th t hod
cl'ai med 1 n USRd B0t ap 8 et Foaftan Glles By BldberiacRisandian HErBES Jor . o
al l ocat i onsﬁn@dﬂgdowerﬁ@@%qrtﬁé ih@rfak81K %dm)nmgg %baﬁmﬁﬁo tr?e a][t? nﬁt.cmet hod as

clained in one of clains 0 6, characterized in that
al | ocat Sondunctians &y d;eiﬁ’mm $ﬂl ﬁ@ twie allobation teples, syl lf|thetdmflloht1$3|of$h&3 J

assigns to jitself r d cation, it .s

exanni ng_ S5PRGY kind SEEH Fiehcfss S u6e Foplich ADTR Prétenet iS &5 Bole JUicr ote
the al | ocatgronpe dﬂb@a@\lﬁn l\P'f@etﬂ@sé\I@%ha'n@eé iPEHeEBs 8h a%cét‘"tﬁw Inhey dass J.

8 - The nethod as claimed in claim1, Characterized in that an arbltratlon
function dwlthwd:lthmsemd‘bhﬂ@ﬂncngfhnm@tber\mseﬂse@iloaatlornlseieﬂeted bei ng charac-
terized by a request of the type Clj, C2j, Cn, where Cnj represents an
all o- cation nunber requested by the interface J with the prlorlty m (t he

hi ghest 5 priorities being the |lowest indices), set SLg, j =EI G, j and

Lmax theg smrll psé method B8 dMihidid ihi @SinkOP ahd e, @ araitéiizdd inhPat tHécxter-
corresponding to the priority and J wins over K NJ being the number of

al | ocat i ondaeg Jexaminex whetherthese ass fregl allocationmhAi apt ANnpEncedeby the

Sh,J<NI<=Sl4 t%rf’ac gn §Qﬁf‘<§t %%ss@nsli’té(elfal ga!‘focajflo% NK > 1o Slmax,k

5 — The method as claimed in one of claims 2 to 4, characterized in that if, an
15 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
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.
20

6 — The method as claimed in one of claims 5 or 4, characterized in that the

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

7 — The method as claimed in one of claims 2 to 6, characterized in that a
25  family of allocations is used comprising the following steps: if the interface J
assigns to itself, recovers or deletes an allocation, it seeks, before examining
other allocations to assign to itself, to recover or to delete the allocations

K+n*DNSj where NDS;j is a parameter of the interface J.



or (SI,j<NJ<=Sl+1,j and SlI,k <NK<= Sl +1,k) or (NK > Sl max,k and NJ >
Simax,j) and (NJ-SI,j)/C+1,j <(NK-SI,Rp/Cl+1,k If (NJ-SI,j)/Cl+1,]|

=(NK-SI ,k)/Cl+1,k there is equality. 15 9 - The nmethod as clained in one of
claims 1 to 8, characterized in that the resources are tine-frequency
resources. 10 - The nethod as clainmed in one of clains 1 to 9, characterized

in that th group. of stations for a radi o-connected set and the
const rai nt 28 gr iﬁ?‘l W%‘hf’?oa%jéfaé?"ﬁidn'@gg'ﬁw th&EhAmRetenzey dhioatnap @refratine

stations offuRdidh SEAMR ) theYolBNIS MaHner i@ nsBl S al 054 eRbideS
associated with the stations Oof t'ﬁg; grnc?frjﬁgﬁﬁ' -ghwgﬁrargtéra\%%ﬁdagﬁ%\lacaci med in
one of cl aitetizad by al@questobidheclypediflji G2}, IGtj, wiiere IBmpepresdnts ainaalload hoc

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

5  priorities being the lowest indices), set SL, j = Z:::Cz 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 Slj<NJ<=Sl+1,j and Sh k< NK<= Sh+1,k and k >l or NK >
10 Slmaxk

or (8l,j<NJ<=8i+1,j and Sk <NK<= 8l+1 k) or {NK > Slmax,k and
NJ > Slmax,j) and (NJ-SI1 j)/Cl+1,j <(NK-SI.k)/Cl+1,k .

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

15 9 — The method as claimed in one of claims 1 to 8, characterized in that the

resources are time-frequency resources.

10 — The method as claimed in one of claims 1 to 9, characterized in that the
group of stations forms a radio-connected set and the constraints graph is
20 determined by the radio neighborhood of the stations of each group and by
potential transmission characteristics associated with the stations of the

groups.

11 — The method as claimed in one of claims 1 to 10, characterized in that

25 the network is an ad hoc network.





