1 Transceiver station for forming a telecommunications network node and associated telecommunications
method. The present invention relates to a transceiver station for forming a telecommunications
network node for forming a telecommunications network node, said station comprising at least two
transceiver radio modules and a control module and wherein each transceiver module is adapted to
operate alternatingly as a subscriber station to establish a connection with a base station of a first other
node and as a B53SSEARI B ADTIEN H RO SRR 15 Bt B StRiBf e Y 888BRGEther node, as
a function of commands from the control telecenenthecetintrelmetthde is adapted to determine or receive at
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of the network becomes significant in case of link losses.

The second approach consists of structuring an ad hoc network as a stack of
clusters, each cluster for example being a cell of the Point-to-MultiPoint (PMP) type as in
WIMAX (IEEE 802.16). The resulting network is typically based on a tree structure as
shown in figure 1. The central node, called Network Head (NH), at the top of the structure,
i.e. which is not attached to any higher-level station, is responsible for coordinating the
network. The nodes are connected at most to a single station of a higher hierarchical
level. In document FR 0801869, a node of such a network comprises two radios per node,
each radio in turn being able to be base station (BS) for a lower-order cluster or
subscriber station (SS) for the higher-order cluster. This approach already makes it
possible to substantially limit modifications to be made to the MAC (Medium Access
Control) layer, and combines efficiency and cost reduction.

It does, however, have a certain number of drawbacks.



To that end, according to a first aspect, the invention relates to a transceiver station for forming a node of
a telecommunications network of the aforementioned type, characterized in that the control module is
adapted so that the number of subscriber stations connected to a base station is at most equal to 1.

The invention thus makes it possible to create ad hoc hetworks using Multipoint-toPoint connections
(hereafter "MPP network"), to keep the advantages of tree structures (unlike flat structures), improve the
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(unlike flat structures), improve the end-to-end efficiency of the network while avoiding

sharing of the bandwidth by several subscribers, and reinforce the operating
independence of the network relative to the radio technologies used, these radios being
able to be of the Wi-Fi, WIMAX, or other type.

In embodiments, the transceiver for forming a telecommunications network node
according to the invention also comprises one or more of the following features:

- when the node no longer has any subscriber station (SS) that is not connected, the
control module is adapted to control alternating operation as base station and
subscriber station of at least one non-connected transceiver of the node;

- said operation alternates as a function of a random time parameter;

- said station making up a node of a first network:

- anon-connected base station of the node is adapted to insert a parameter
indicating a degree of importance of the first network in a frame transmitted
by said base station; and/or

- when, during alternating operation of a transceiver module of the node,
said transceiver module then operating as a subscriber station detects a
frame from a non-connected base station of another node of a second
network separate from the first network, said frame indicating a degree of
importance of the second network, the control module of the node of the
first network is adapted to:

- if the degree of importance of the second network is lower than a

degree of importance of first network, prohibit the connection between



when, during alternating operation of a transceiver module of the node, a connection deemed high-priority
is established between a base station of another node and said transceiver module then operating as
subscriber station, and the number of subscriber stations connected in the node is greater than or equal
to 2, the control module commands said transceiver mbdule to leave the alternating operation and keeps
it a subscriber station while it commands the other connected transceiver modules of the node then

operating as subscriber stations {88r5HSEBMAO HALECPRREHINGAS SHRRGHRES PR Q1153 T¥Fork also
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signal depending on a signal receiv ?I bé/ said subscriber station and t{ans itted Rg trfe base station of
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another node that is corinécted to the subscriber station; the transceiver station comprises several
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synchronization signalrim®eatkhaseusaiiomehtire areapératrgyachipsinpiossignaiciepending on a
signal from GPS is pr9?\:gj,§g g?a%lnof the base stations of the transceiver station; the control module is
adapted to command the subscriber station of the node seeking to connect to a base station not to listen

to a preamble transmitEFBYCR FAWECEHBAIIMOHARS, COMRAISES RAIMYPILIRSEENRE BeHEeMie invention

relates to a communicgsatidamedtodper @d ey s municetivEstad tsubdcrgmmaagong itravisceweerstations
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connected, in a frame that it transmits; and the control module is adapted to refuse
a connection of the subscriber station of the node with a base station of another
node having transmitted a preamble indicating a connected status; and/or the
control module is adapted to refuse any connection of said base station of the
node with a subscriber station of another node when said base station of the node
is already connected;

- the control module is adapted to prohibit the connection between the node and
another node, when there is already a connection between said node and said
other node;

- asubscriber station of the node provides a synchronization signal to a base station
of the node, said synchronization signal depending on a signal received by said
subscriber station and transmitted by the base station of another node that is
connected to the subscriber station;

- the transceiver station comprises several subscriber stations, is adapted for only
one of said subscriber stations of the node to provide a synchronization signal to

each base station of the node;



at least one operating change of at least one transceiver module, from subscriber station to base station
or vice versa, is dynamically commanded as a function of at least the determined modification; and said
method being characterized in that the number of subscriber stations connected to a base station must be
at most equal to 1. The invention will be better understood upon reading the following description and
on, and are in no way

examining the accompanying figures. These figures are provided as an illustrati

limiting of the inventiof SYMEERGPEsSIRakAEPRIBNARY: arRjendl e Lhavs drave
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radio nodes for ad hogeni'fworkin in one embodiment of the invention: igure 5 show
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network in one embodipzeraithel hodweden; figure 7 shows the structure of an ad hoc network in one
embodiment of the invesatiamg to aftgiden @ SipevtstHearsisbnit e afeancas dvatieivadity im@nedembodiment of

t5he invention;  , (fIQFEnLRRQNER R AIEACRYS PAY A9REGTYARKD BRG & MIRANMENRL e invention;

transceiver station comprising a control module and at least two transceiver radio modules

each adapted to operate alternatingly as subscriber station to establish a connection with

a base station of a first other node, and as base station to establish a connection with a

subscriber station of a second other node, as a function of commands from the control

module, according to which, in each transceiver station:

- at least one modification of the status of the network is determined, and

- at least one operating change of at least one transceiver module, from

subscriber station to base station or vice versa, is dynamically commanded as a function

of at least the determined modification; and said method being characterized in that the

number of subscriber stations connected to a base station must be at most equal to 1.

The invention will be better understood upon reading the following description and

examining the accompanying figures. These figures are provided as an illustration, and

are in no way limiting of the invention. These figures are the following:

- figure 1 is a view of a PMP network of the prior art;

- figure 2 is a view of the transceiver station in one embodiment of the invention;

- figure 3 shows transmissions and receptions of frames within a node in an

embodiment the invention;

- figure 4 shows radio nodes for ad hoc networking in one embodiment of the

invention;

- figure 5 shows the structure of an ad hoc network in one embodiment of the

invention;

- figure 6 shows the structure of an ad hoc network in one embodiment of the

invention;

- figure 7 shows the structure of an ad hoc network in one embodiment of the

invention;

- figure 8 shows the structure of an ad hoc network in one embodiment of the

invention;

- figure 9 shows the structure of an ad hoc network in one embodiment of the

invention;



figure 10 shows the structure of an ad hoc network in one embodiment of the invention; figure 11
shows the structure of an ad hoc network in one embodiment of the invention; figure 12 shows the
structure of an ad hoc network in one embodiment of the invention; figure 13 shows the structure of
an ad hoc network in one embodiment of the inventior?, figure 14 shows the structure of an ad hoc
network in one embodiment of the invention; fi%ure 15 shows the structure of an ad hoc network in

one embodiment of thie"#HENHLANOWS HigHE'SYRGr AR AAACSIREMAE dtes FRREAIGRT %dfdn 1 in one

embodiment of ittvenfier@ntion, intended to constitute a node of an ad hoc radio network. Such transceiver

stations will be Ca"ed-"'ﬂeﬁﬂ%sﬂ@ﬁ%@v@%ﬁe‘ stru-Ehﬁené{ldﬁqlaeormE’rﬂr‘é%ﬂ(ﬂH@W%H%ﬁﬁﬂgiﬁ 8?‘29&'951 with N
greater than or iﬁgurﬁl to two. In the case illustrated in figure 2 and considered in the embodiments

described below, ﬁ1e'°nnu_mber of radio modules is at least equal to three. Each of the radio modules 3,
4, 5 is connected on th&¥r kaRarwss 4o AlieItYRitcD @AM abRer KhABEt6abettiiie @ity
transceiver antefeatitn:the considered case, respectively the antenna 6, 7, 8. According to the

embodiments, the antepras ‘i‘ées@ﬁf)\)(/@ﬂ'ﬂé' PYRRRe ' ﬂ%ﬂqﬂéj‘% %Wv@i(‘?r?%%%ﬁr}@%@?ﬂ@h 3n@d sectoral

(S-FESA antennas), smart omnidirectional (FESA antennas). In certain e ments, several radio
modules are cof¥&ted to a same antenna, the operation of which is distributed between the nodes.

The control unit 2 is ad&gier 14 sheersdhel syumthrooiza, withonecnother amd ¢hnbodistant thietdPP network,
the operation offhg figflio modules, and possibly the antennas, and to pool the functionalities of a node of
an MP P network accordini%té) h invelqtion, for eangﬁ)lg the electri(r:lglhﬁ)ower

t S ly of the radio modules
- fig 5 structure ? d ﬂ%c rBtglf)mo i é)Pgn%n:fla%@% ? tr1

and antennas, a mot_herl(J)ar incla |Sntg e upper layers of the n parﬁ@tu%r aﬁowing the
interconnection'dfeti®tayers 2 and 3. Each radio module 3, 4, 5 comprises an access layer to the
MAC (Medium Accesgigabstrod)agiratimaman, ifupiyteical ibasehivaidsiagst 1andrenysicaheadigfrequency

layer. These pnxaiwe'a@s.,{sﬁagvoefa O LRIR B R aR AR A C YT RK LRI ENE R ANAR 08 make it
possible to transmit a radiofrequency signal.
stations will be called "nodes™ hereafter.

The node 1 comprises a number N of radio modules, with N greater than or equal
to two. In the case illustrated in figure 2 and considered in the embodiments described
below, the number of radio modules is at least equal to three.

Each of the radio modules 3, 4, 5 is connected on the one hand to a control unit 2
and on the other hand to a radiofrequency transceiver antenna, in the considered case,
respectively the antenna 6, 7, 8.

According to the embodiments, the antennas are of various types, for example
omnidirectional, sectoral, smart sectoral (S-FESA antennas), smart omnidirectional (FESA
antennas).

In certain embodiments, several radio modules are connected to a same antenna,
the operation of which is distributed between the nodes.

The control unit 2 is adapted to steer and synchronize, with one another and the
rest of the MPP network, the operation of the radio modules, and possibly the antennas,
and to pool the functionalities of a node of an MPP network according to the invention, for
example the electrical power supply of the radio modules and antennas, a motherboard
including the upper layers of the OSI model and in particular allowing the interconnection
of the layers 2 and 3.

Each radio module 3, 4, 5 comprises an access layer to the MAC (Medium Access
Control) environment, a physical Baseband layer, and a physical radiofrequency layer.
These physical layers received the radiofrequency signal coming from the antennas or

make it possible to transmit a radiofrequency signal.



6 Each radio module 3, 4, 5 is adapted to behave, under the steering of the control unit 2, alternatingly
as a subscriber station (SS) and as a base station (BS) of the network and to thereby establish
connections with the SS or BS of other nodes. The control unit is adapted to determine at least one
modification of the status of the network and to dynar‘rﬁcally command at least one operating change of at
least one radio module, from subscriber station to base station or vice versa, as a function at least of the

determined modificatibAc" 24LEPRIEHridafdhaMRE QAeRaws tHRIREHLRERSING 2L EIE SRl prise
modifications inutérhsigrnatingly lescmelyicenfigusttion (FShendetyva taseetation disp)lattmeetlogtween the
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therefore of the network; are done dynamically. vents de ermlneraqoy tREEontraT GRtSrd giving rise

to dynamic conihgarfigee] AgeieciianisaratonBRiiseadeRetrane GRS &N Sae sEbdepficredfter.  The
functionalities charaetetidisgrine hekawer ehacsubssiieaitatation acs \abasesdatianieomesaend to those

described in Staﬁwgﬁg&%ﬂggﬁifﬁﬂwver' other types of radio, which may or may not meet other
standards, can be used. In fparticu ar, the name base station, subscriber station, respectively,

corresponds to a choicEthHOR581RRS e SE 1S FEHIG RS LtiRs REATIREFTRISE ARd B WScond type,
respectively. inTéreseostaion coaddcals@retivamethenasteristatiatvanssmesstatiehyemcdss point (AP)

and client point, gl RdaR-a80 L dBRBSHY Bbte, reMYbeuRRRIAHRAZESHIR SIREQRSPHEMRJIrSt type,

called base statcigrr]1nseiqi gﬂigrgq(scl:rr]i t;fope,nicsé tgt% registration of subscriber stations through the association
mechanism, the synchronization of the ‘Subscriber stations owing to the sending of beacons, the sending

of control information TheRe PRREAINAKBLIgsorayinotHEAIIGcatitrrotfigitirioaseutbesTefen@ssociated
subscriber statigrsefore dMnatnehasas e zeméhsmiaiiemng. of the second type, called subscriber stations in

ihis description s: e ASiecan AASRS9 a0 (R 0338 SIPHE"R.d"6 aasasiataniloace staion

the decoding of the control information sent by ase station in the DownLink (

of data in the URIFHKEAIIHHOREENIA thEEMRd HRAY4PS gEC ARy d5y R B AgE e Ston. Typically, the
considered states of & BSfarcE@atitigreduitawmgisgehérderBBoronnsotsdrBS; sistenirgdSShasmnected SS.

A BS in a node pgrindicalbySrAnsa i & lRRLMKENPRIGRIPSR Lis mdiofiGen RS sigiedhfo it (either
Perman ey O e ) D RS A B e R NI SR 35 A Eea
In particular, the name base station, subscriber station, respectively, corresponds
to a choice that is no way limiting to designate stations of a first type and of a second type,

respectively.

These stations could also be named master station and slave station, access point
(AP) and client point, or eNodeB and UE, respectively.

What characterizes the stations of the first type, called base stations in this
description, is: the registration of subscriber stations through the association mechanism,
the synchronization of the subscriber stations owing to the sending of beacons, the
sending of control information in the DownLink (DL) portion, the allocation of radio
resources for the associated subscriber stations.

What characterizes the stations of the second type, called subscriber stations in
this description, is: the detection of beacons sent by the base stations, the association
with a base station, the decoding of the control information sent by the base station in the
DownLink (DL) portion, the sending of data in the UpLink (UL) portion in the time interval
specified by the base station. Typically, the considered states of a BS or SS in the
following are: free BS; connected BS; listening SS; connected SS.

A BS in a node periodically transmits a frame with a preamble on a radiofrequency

assigned to it (either permanently or temporarily). The preamble provides the SS of other



7 nodes that listen to that radiofrequency with a certain quantity of information: the identifier of the BS, the
allocation of time slots to communicate with the BS. A period is also assigned to the SS listening to the
frequency and which wish to declare themselves to the BS, or connect to the BS by means of an
association procedure establishing a communication lifhk of the network (also called connection hereafter)
between these BS and SS. Furthermore, an SS of a node may listen: it scans the different radio

frequencies and R HAbIFIEAA RAiAHAITEHEI LR SAHRE TR ERABTIEY R MSS BES ansmitted

by a BS of anottfethaod®, vhthiallpadiorpximiysidifree SBrseakatg totcahadds canpdnicsl rsqalest, on the
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structure (i.e. from an SS of the noae to a BS of another node). It Is also adapted to relay éata over a
downlink (i.e. frBf{ d'BLSf tHeG760e faRe8 e BPatRe?IHa8Y. 1 U5 tRISIRRES IdidH b Rfie acting as
SS in a node isteutapigedtdyca mihointcatbea s drengitisiverdivi thr eisiayioh fofeadHigleekihgetanciioait level, while

a radio module a6fipg LR GRIN hNRERAHALGRNERE) IACRHTERWICRIE 3R HAsSRRINEHMAthA BigUgn of a lower

hierarchical level. Rl,giashimplemented bXP elecommunications Eneté\gd in the embodiments of the
. . as to es&ab I? a commumc&ttlo |r] Oi the tWOI‘?WIt t { , .COl esponan]gdto the
invention are deScribéd befow. In"order to illustraté the interest of these Tules; we rave incorporated

some of these riaiéefipgoaney AbiePSs malfunctions or drawbacks shown in the absence of those rules
arise. However, the rulgeselecied ascaibimiian eftinespedinbah implariritatirinadessef e invention

may of course b implementsd in H%%DR%?Slfhe netiR% HIESA'E BPRIEMERISH 10sDS[Rdigngdes under

the control of the respective control units, for examﬁ e using software Instructions stored in memory and

that are run on SSHRFROBICHLagfables ﬁéb@ﬂ&iﬁ@sﬁi I8 BRIWEEGAALS thReiHYhtion is implemented by
applying any one of thdse asthidisiioast af dhesmbimakotivo$ seneeahoBthendilS loéldiatin@ nodes

therefore creates a tree structure. A node is adapted to relay data on an uplink according
to the hierarchy of the tree structure (i.e. from an SS of the node to a BS of another node).
It is also adapted to relay data over a downlink (i.e. from a BS of the node to an SS of
another node).

In this way, a radio module acting as SS in a node is adapted to communicate as
transceiver with a station of a higher hierarchical level, while a radio module acting as BS
in a node is adapted to communicate as transceiver with a station of a lower hierarchical
level.

Rules implemented by a telecommunications method in the embodiments of the
invention are described below.

In order to illustrate the interest of these rules, we have incorporated some of
these rules into the nodes as malfunctions or drawbacks shown in the absence of those
rules arise. However, the rule selected as a function of the operational implementation
modes of the invention may of course be implemented in the nodes.

These rules are implemented in the radio nodes under the control of the respective
control units, for example using software instructions stored in memory and that are run
on a microprocessor.

Depending on the embodiments, the invention is implemented by applying any one

of these rules alone or a combination of several of the rules below.



Figure 4 shows a set of nodes to be networked, referenced A, B, C, D, E, F, G, H, |, J, of the type of the
station 1 shown in figure 2. The considered nodes each have three radio modules in the considered
embodiment, but in other embodiments, at least some _may have a different number of radio modules.
For any node X, with X assuming the values A to J indicated above, the three radio modules are
referenced in all of figures 4 to 15, respectively, X1, X2, X3. Accordln to one rule (rule no. 1), if the

node comprises a nurfigeient Shousi8 ATbaLme eauhha %"‘éﬂkﬁﬂcr?f@ rfy StteniptEttie Cohbrol unit
commands onel of, bfehathee widdelgsttondpgrawe in fgdedicated manner as SS, while it commands N-1

other radio modules th%th%%%r@B %B@é@r@wiﬁaﬁ,@t&h@y @0’ Oheams ofthgse faslipenadules are
placed in BS, the rT}%thers in S ThHs for any I nod le X, with X assumlr%éhe ngges AtoJ |nd|?ated above,

the radio moduf (PR S lgén WREE FPosIaRISs RISRE 0TGP £

unng Re netvvorl?mg During
this networking'atterfedules- BS and SS are therefore first in the free state. Each BS transmits frames
comprising its preamlrereygmadadiofigaxassyrihgtiie aakignadexelvisitetyatile(eib air@eraaanently or

temporarily). {lg t%§rgrgfépem%érﬁea¥s@t'egar§ He&e{gnlgs&;e i ragio @gﬁonment for a connection.

A listening SS see e fransmission of preambles transmitte by a BS at the beglnnlng of each frame.

In one embodiment, it 1SSCHHAg dh 388 Bi}eﬂ{@‘t?oﬂ?ro]r)ur‘lflttﬁ%tnt%dﬁsféﬁ”i’ﬂst% Hrusmiple ehiditted by the
BS that are partoiithes sdmiagredeadiic netvirkiogd migpimarioehernte Ynilleanom2ddd aneS$ thlea node

detects a free Bgy| Mﬁﬂdﬁlgs%dﬁe@éig\ﬂ%z@éﬁéé{télamﬂ@%#@é QinenAGIhaoReetie haikBS. A

maximum of one ¢ nnectlon ca %ze established Ql%reBS uqder the control o the co trol lwhs of the

nodes. To tﬁ]ﬁ a Po?cetxa{fmp e('negt er§§1 a nOn(&Sé IS Or'EIeOﬂean tﬁe COTﬁI’Cﬂ uni € node so as

to no longer ac@éb?@%rm@@udﬁﬁ oirees BSSE-adapted to indicate, in the frames it transmits, for example
in the preamble of theTfiasney sy Hie@E R WKy asiaiend\ihSRI0é anatheinbiede yabaretenaticonnect to

the BS as a f““r‘ﬁ%‘&[]@}(‘f‘é&é@é 'r\‘/ﬂ{ﬁé‘Eﬁg quﬁﬂ]gsrﬁ‘z‘%éé(ﬁ%@épgs%@ml e e;r%‘wé% der the control

of the control unit of the other n Similarly, a single connection ma ‘per SS, under
the control of the contPé'I”Uﬂlims networklng attempf, the BS and SS are therefore first in the free state.

Each BS transmits frames comprising its preamble over a radiofrequency that is
assigned exclusively to it (either permanently or temporarily).

The SS are in the free state and listening to their radio environment for a
connection.

A listening SS seeks the transmission of preambles transmitted by a BS at the
beginning of each frame. In one embodiment, it is commanded by the control unit not to
listen to the preambles transmitted by the BS that are part of the same node as it.

According to another rule (rule no. 2), if an SS of a node detects a free BS, then
the SS is authorized by the control unit of the node to connect to that BS.

A maximum of one connection can be established per BS, under the control of the
control units of the nodes.

To that end, for example, each BS of a node is controlled by the control unit of the
node so as to no longer accept a connection. Or, a BS is adapted to indicate, in the
frames it transmits, for example in the preamble of the frame, its "free" or "busy" state. An
SS of another node will or will not connect to the BS as a function of that status indicated
by the received frame coming from the BS, under the control of the control unit of the
other node.

Similarly, a single connection may be established per SS, under the control of the
control unit.

The ad hoc network therefore establishes a network made up of multipoint-to-point

connections (MPP).



The ad hoc network therefore establishes a network made up of multipoint-to-point connections (MPP). 9
According to rules 1 and 2 cited above, an ad hoc network 100 is formed according to the topology shown
in figure 5, from the nodes shown in figure 4. The segments in broken line show the radio connections
between BS and SS of distinct nodes. The operatiﬁg mode and the status of each radio module are

indicated in figure 5 (and in figures 6 to 15), as follows: "SSx" indicates a connected SS; "SSe" indicates a

free SS, therefore listERREYINE SURRILASSZLIFhARMBPB A NBSPeINAIKIAL 15 EeB accordiBS s said to
be free when it is thettaaromctbdwiomagsoeiatédinvithreadysSBowmisRisesaid to be free when it is not

connected (or associafggsugthing RBrdkBSicaarRNNRE SABNBRIRANWID B RS ABY 8RISSE N only be

connected with a BS. Figure 3 is a timeline showing the exchanges at modules of some of the nodes
shown in figure 3 5%?%8 H1, BS H2, SS El, BS E3 (NB: this is also incorrect in the drawing), SS DI.

The radio channels ad$igRearaing B 3odHE statmel Bachratedpedtivcietieicatie ek of distinct
frequencies F3 &, iF8qunek61d 15), as follows:

"SSx" indicates a connected SS;
- "SSe"indicates a free SS, therefore listening;
- "BSx"indicates a connected BS;

"BSI" indicates a free BS.

A BS is said to be free when it is not connected (or associated) with any SS. An
SS is said to be free when it is not connected (or associated) within a BS. A BS can only
be connected with an SS and an SS can only be connected with a BS.

Figure 3 is a timeline showing the exchanges at modules of some of the nodes
shown in figure 5: BS J3, SS H1, BS H2, SS E1, BS E3 (NB: this is also incorrect in the
drawing), SS D1.

The radio channels assigned to the BS J3, H2, E2 and D2 are respectively the
radio channels of distinct frequencies F3, F5, F8 and F11.

The SS H1 connected with the BS J3 therefore transmits and receives on
frequency channel F3, while SS E1, respectively SS D1 transmits and receives on
frequency channel F5, frequency F8, respectively.

The SS and BS radio modules of the same node transmit at the same time and
receive the same time. These transmission Tx and reception Rx frames are synchronized
with one another by the control unit of the node. In order to limit interference (even if
transmissions take place at the same time and the receptions take place at the same
time), the frequency channels assigned to the radio modules are spaced apart (for
example by at least one channel).

Arrow D indicates a time shift of one half-frame. Depending on whether a node is
of an even or odd rank relative to the Network Head (NH), which in this case is considered
node J, the frame made up of a preamble followed by a DownLink (DL) transmission
phase, then an UpLink (UL) transmission phase of the BSs of that node, must or must not
be shifted by a half-frame relative to an overall synchronization top. In this way, in the
example of Figure 5, the shift of one half-frame must be applied on the BS of nodes H and
D.



The SS H1 connected with the BS J3 therefore transmits and receives on frequency channel F3, while SS
El, respectively SS D1 transmits and receives on frequency channel F5, frequency F8, respectively.

The SS and BS radio modules of the same node transmit at the same time and receive the same time.
These transmission Tx and reception Rx frames are g;%chronized with one another by the control unit of
the node. In order to limit interference (even if transmissions take place at the same time and the

receptions take place '3t 0FeeXaMReHPhEIUIRS frAG ARMED L RAPFRENS 498RME @S e FIGURs are
spaced apart (foomeamiplBByGR. |biksivizre BRaRnat).readyMioayabt ithdicatesetitimef skt @f.oR@shalf-frame.

Depending on whetber da9feds ol e¥ersabrdgéaiisrelative to the Network Head (NH), which in this
case is considered node J thehframe made %lﬁfof a Erﬁamble followeg_ by a DownLink &?Ff) transmission
i 8 ng t I’UO

phase, then an UpLinko(@B"iir_aﬁsor%%gi%rhc%ﬁasés5¥& %mo%l)fh% F6de? mas t(?refnrﬂls?t Bg'shifted by a
half-frame relatitle 10aRBVEEHANSY ENT dRizAAEFRIpSednkewaon ivthsaRrampiest Figeiré@ Sirshe shift of

one half-frame sauathip@pptiestonvibe tsobangestkbrddlthe cobvdherxemapleset bgerer thean anomaly
concerns nodes, £,a04 6255k tﬁ?&%ﬁotﬁé’ﬁ@&?tr&@v %ﬁ&géﬁ%ﬂ’.kﬁ% By E&aﬁﬁJﬁaﬁ%ﬁﬂe‘%{%ﬂt the

connection of SS G1. This causes a loop iIncompatib le operation. To avoid the occurrence
of this type of aPRIMERD, BRIGMHYPESnother rule (rule no. 3), two connections may not be established
between two same nddetbisTayg, théirSi2dehmectiedtibetisden éveonpedest beithgresthbiShed, ttiee control unit

of at least one ehhrdodsSaheRamRIe 1riah e DGRk (mtns-iabicrRERRNYLS any additional

connection between tlgosdeftwi% nod?s.t In t istﬁva s the tGZ-Fl conrﬁcﬂog is fo extampl lpot
authorized. SS F1 the cc?n%ue(tt'g,q‘o'rrsefgﬁ%‘?ec, 108 B&e,ca'g&s)r%fﬁ]ﬁs% ﬁeeco%?iaulrjar{ ion'o ﬁgeure 6. By

default, in a firstrappreaciivhg toisctaivnk Al Eotaplialhen akfiadras @ibinaiome’ s PRBEEaRVIng in the
network and poteshita e vradiiechasia ddrairmed afepptimization technique of the network, as explained

later. . In a second ﬁP&’E%@gPd %a%rf%ﬁ%‘?'ﬁ?@%%‘?&l&n E%ng%ﬂﬂ%ﬁoﬁgﬁ‘éj%?ﬁﬁ&@é thelructure of a

node. In fact, the node is made u a certain number of resources (N radios with antennas of a given

type, etc.) and RS HE BeTAPSDIEJEELIRR ARG FePBARIHE Bhatie o Pe bMRYothesBr RS Miide.
Optionally, the est@blisitmentesinesnwieatigimgnishalso eonsaranedybydhd&nawdbtgefbyopaettiog the nodes

of the global roytipgn RttBe B HOEsRENESKihe ndalrthermore, it is necessary to determine the
position of the network head NHZ}. This NH corre (ponds to the node that is th(=b squree of synchronization
ally, th ﬁ ESt e c@

for all of the others, w gtﬁofhelzl el1s negta cl)'B%WE%?: r8ﬂ?§§ﬁ%?1sfﬁ/ §9ﬁﬁ%re6“[{ﬁ£] c mprlgé)%v'g e SS and at

least one connévtéacB s\ igtRglesi@fdherieRiet apkingfhblethidheane tRREeHNEes of the network.
According to a rule (rertherddrdhi i iHdscusuaL® inetitraid e pebiiorkof tthaayethargreatl any)time

depending on t%i?@‘&?@%@nﬁﬁ@ﬂg%de that is the source of synchronization for all of the others,
when there is no global synchronization by GPS. The NH comprises a free SS and at
least one connected BS, with a hierarchical rank higher than the other nodes of the
network.

According to a rule (rule no. 4), the NH is unique in an ad hoc network. It may
change at any time depending on the evolutions of the nodes.

Thus, in the configuration of figure 6, the NH corresponds to node J.

Starting from the configuration shown in figure 6, it is now assumed that the
subgroup 100 made up of nodes E, H and J detaches (phenomenon referred to as
splitting) from the other nodes following the distancing, for example, of node E relative to
node D. When nodes E and D are far enough apart, the radio link can no longer be
maintained and the connection between those two nodes is eliminated. The NH being
found among nodes E, H and J, the connections within the subgroup are preserved.
However, the subgroup 101, made up of nodes A, B, C, D, F and G, must reconfigure so
as to cause a new local NH to reappear. Node D is mechanically elected NH of the

second subgroup, having the higher-ranking BS of the sub-network 101 thus created.



Thus, in the configuration of figure 6, the NH corresponds to node J. Starting from the configuration
shown in figure 6, it is now assumed that the subgroup 100 made up of nodes E, H and J detaches
(phenomenon referred to as splitting) from the other nodes following the distancing, for example, of node
E relative to node D. When nodes E and D are far en(]Jingh apart, the radio link can no longer be
maintained and the connection between those two nodes is eliminated. The NH being found among

nodes E, H and J, the 86 HFECEIHOWAIA PREGEB GHIR: 8 rREBRERIGR i NRINDS B IERWS dRG Atth 101, made

up of nodes A, B)IGs Bhowamdi@renist reconfigure so as to cause a new local NH to reappear. Node D is

mechanically elected NirRfh% seeRncksuRSEcRVGIR inE R RiBh 5 -Eaplg R BRE RS eRwptwork 101

thus created. 1t1 h The new confg%rati?n optained flter th serParPtlon f_me tV\{[O subt-\grq(ups 100 and
101 is shown inHGESHYO™ PEEFRIBSARSINE MR T ARRIGHE LbIRLpSn SIS SUBEIRL 100 comes
closer to the netdrikEbiaspardregIbiiuRyrenpestng 45 SiebvivTieTigeiates sTeesentwiaeidorks 100, 101

have no possibityretcarsesctnrgraditheiagustest state, since only the non-connected BSs are facing each

other. In order o ?ﬁ%?&éﬁ%%‘ﬁ%ﬁ%ﬁ‘ﬁ?c&é{]‘ﬁ?ﬁ%éy&% JR{&J’L‘?’B&IE‘H%QB%’@M%}H&% jgtween two

networks, according to another rule (rule no. 5), when there are ho more free SSs’in"a node, then at least

one BS without % ¥5RAAEASI YOl fe XRENSIRENRI S Yo HEIfTS atte WistiBESH B2 I8 MBE RN BS and
SS (also hereaft&scalledhdiml tbyole) desdroegBd wvigivena andoentioméfpararmests)zeftite, asa function of

commands frorﬁéh@rﬁ@”&f@‘rhﬁifﬁ&f%@dﬂi‘aﬂeoetweéP‘E@ ding fésthslmgmn&au@dsmlec%@) BS, or
several or all of the free BSs, of the npde are switched.into dual mode. In g)ar icular, it ma Eecome

T
according t iven ran time _parameterizati a function of commands, rrom the .
necessary to haveée sevgré)l %ga cycCle %rgs n G{jnO(Te When%E%SA secfora'f'l antennas are used, In order to

allow connectio?betiwie thrend@dible nodes.  Thus, in the case corresponding to figure 8, all of the
non-connected BSs oAtaeraingdes e snpaibensSLyelfal eembfigsalliarandoat thytus.BBiese cycles

have, dependin ‘EH?e%8‘@‘3?4‘%9&9%\@&%8“&1%@%%?%Hé?f%%'i%ﬁ,%Pn?efytﬁ’e%"%aﬁé‘é&g%mrl%\%etwee” the

nodes. Dual mode operation makes it pos mplement new connections between BS and SS.
Thus, the H3 ratfiderAbELR MABPSFrafdiPdt dBRMFmeASeriertha S raai8 mbthfle Th E¥bfferation of a
dual mode estalllish @umutiectioetwERe threvgihg pbdese then leads to the topology indicated in figure 9.

In the example illustraggkinfighye et bidsRifSiowrdwing higmassainshrbase 85the two networks
100, 101. . ,

nodes go into a BS-SS cycle at a configurable random rhythm. These cycles have,

depending on a random drawing, independent durations so as to guarantee catching

between the nodes.

Dual mode operation makes it possible to implement new connections between BS
and SS.

Thus, the H3 radio module in BS operation of a dual mode and the F2 radio
module in SS operation of a dual mode establish a connection.

The merging phase then leads to the topology indicated in figure 9.

In the example illustrated in figure 9, two NHs are shown during this merging
phase of the two networks 100, 101.

As a reminder, a single NH may, however, exist at a given moment in the network.
The merging procedure for two networks will then have to resolve this inconsistency and
only retain a single network head.

A BS of a node transmits, to an SS of another node (lower level of the tree
structure) to which it is connected, a synchronization pattern so as to temporarily
synchronize the frames (by synchronizing the SS on the BS). The synchronization is
therefore done by successive connection from a higher level to a lower level. The network

head is therefore the origin of the synchronization.



As a reminder, a single NH may, however, exist at a given moment in the network. The merging
procedure for two networks will then have to resolve this inconsistency and only retain a single network
head. A BS of a node transmits, to an SS of another node (lower level of the tree structure) to which it
is connected, a synchronization pattern so as to tempjo?rarily synchronize the frames (by synchronizing the
SS on the BS). The synchronization is therefore done by successive connection from a higher level to a
lower level. The netwOHREARPIE tHEER LY RGNS tReyh RSNz atiBA 19 DL HtRdHRtbre, there is
a synchronizatiéansesaforotie, radiciravdbeDh Bansoditingefdme sifondlsamaedioenadtiedinfBSenode take
plage at the Sam&ﬁi%‘é astheddhdramesdipmiie %%é%lﬁ’@%?fdﬁrﬁ%”heﬂ@ﬁ% ﬁ%?%ﬁi%eré’t)ié?urmg a
period T. An SS ra 9 rqodul%| of %node x does no&nece sarily need to receive thtlS synchronization, as it
can only transmitat s?p%c?fi@om%xme%?% déréfmimed yntpﬁae BS'S erleoEH%rS%%%éO{/],'zt%“\?vrhi%?l 1 ¥&"tonnected.
The purpose is 2Rk EfORNb S FRERNREMPRISIZHISIMISSTORY BEtRE BSHegid erie Jowithcthé Fansmissions
of the SS of thecomsie ¢dsTHEGLIEYt Ak @EeR WhilgndironRdats rareaaikioasBpaR. BSs b this way, each
node is synchrqpi i ' i ift wit ime , i ether its
rank is even orq({)?)fcf Q WI&E’E@%}%& r%r%i%m%%g %dme&ééﬁ( ’bségﬁi{ﬁ? églgeg&\?v (!'\iré%}hﬁgeo%ﬁ%es a
common time r&RS&IFdB 'FRaMAE AL the control unit of the node on the one hand commands the
transition into transmittinigsmegdecattheo8Ss agehfunictidritiethe womenonnrefesentdtratkiadidieand on the
other hand appp&grgp@etjla@ggn(gﬁhé%g%g}ﬁgrf@m@) Besessyfer synchronization of the transmissions.
Without GPS, an SS must be able. tot.%rovidr(]a a si%na]l SmeBIizincg1 thg tygssof frﬁrr}]e éDL. r UL)
transmitted by the BS 0 which 1018 80Rnheted (%yn% ForizZation yeseé(plng Orvrve'é:en rr%\ﬂo%%. his
information cancRiPreRarfifpR mEeesitactddthiniasR pretanres wiifrahies mapmittdie Bthaems. It may
also be possibledamangidae sekikngrfofto niranmtsig naddedicaidngsyhenthe &idnistrasssitig. Assuming
that, '”eSpeCt'VFeﬁféﬂgeq}é%Q&}B%%HH%H‘ﬂwtéoBtﬁ %%H&‘%%H@ﬁ?@'&%eﬁﬁ%‘@"%}gl"ﬁ]&ﬂﬁa‘?ﬁé}” SS

transmission always occurs at the same time relative to the beginning o ame, then it Is relatively

easy to regenePRE TR LN AFHOA B RS MENCy of that moment and the DL/UL ratio, which
is 50%. If that moiwehob&giBnimy 98 emdsobarniSS twaprsmiissoripimheystaliigvbe tippe, the

complexity of th@aﬁ%@‘(h@%%lﬁ?%ﬁ_&ﬁﬁ%@i&}ﬂtﬂ@@ QEWQRQ@i@J&KEJ@@d”&ﬁ%ﬂ%%ﬁon ,g\ésimple
method, based onlg/ on the Tx/Rx silgnriglﬂfi an SS, would consist of ha}/ln the SS use, all of the UL frame

by sending padsd‘?ﬁ irbgdtgrifrﬁ %%esr%ry, in' A8dIB5N 18"8e i a5, 8 TR eﬁd,e)t(l%‘ r%@t gi]f?ler always

ask for the maxiigambissl\Waiaes defseseddyuhat B6the BS must directly allocate all of the sub-frame UL
to the SS, which is relativglyaeas ipasibiCld asniesedsiandyie: siilgleneciyrectedicatng whén gisler to ensure

Sy”ChrO”iza“O'%%f @ﬁzﬁ%ﬁ%{é‘. %&%%9@3%@%&%5% 3 tﬂllie(ﬂ;?rg}fg & FRISEIEdbelow ysing either

rule 6a or rule 6 ccording to rule ba, at any given mome aximum of only one SS may exist in

a node. transmit, the beginning or end of an 'SS transmission always occurs at the same time
relative to the beginning of the frame, then it is relatively easy to regenerate the
synchronization owing to the frequency of that moment and the DL/UL ratio, which is 50%.

If that moment (beginning or end of an SS transmission) is not stable over time,
the complexity of the mechanism for regenerating the synchronization risks being
extreme.

A simple method, based only on the Tx/Rx signal of an SS, would consist of having
the SS use all of the UL frame by sending padding data if necessary, in addition to useful
data. To that end, the SS must either always ask for the maximum bandwidth, or the
scheduler of the BS must directly allocate all of the sub-frame UL to the SS, which is
relatively easy inasmuch as there is only a single connected SS.

In order to ensure synchronization of the nodes in a network without GPS, an
alternative is considered below using either rule 6a or rule 6b.

According to rule 6a, at any given moment, a maximum of only one SS may exist

in a node.



13 If this rule 6a is applied to the configuration of figure 9, the control unit of node F cannot accept the
new connection between the radio module H3 in the BS role and the radio module F2 in the SS role,
since the radio module F1 is already an SS. A direction reversal of the connection must therefore take
place. The reversal therefore leads to the BS F2 - ssid3 pair, thereby propagating another reversal to
nodes H and J, as illustrated in figure 10, the radio module H1 becomigtﬁ BS and the radio module J3

becoming SS.  FurfHBifibi&eSthie ARAIHB TSI Y Hath 1HE SiStdHf EPEE Sttt 3P BSF The NH
resulting from teenme rgees the neforeaineecachicorodenettialradioisnadutmtidioatlyer8Solviesatite theoblem of the

NH, which must &, Unigie &eh 3 ekese, sinfCaydithimelft0: I8 é’ﬁr@Q@UEaH isshassifdaita have, at the
same time-for a Iimitego?r unlimited duration-, several lEadi modules in Sﬂﬁnodfe on the coHdition that
e

only one of thoSe &5 { (L2 GUSISHELIRSBRIZQONST MaARoldS SVIPRLIBER 9eaRRted then the

network can refaihZn §ferEhnad, dBeREY RIABACALNH dRAner geyRIIset ihaasiearrsiad sassiisi@®lelow apply
rule 6a. Furihegners, chrindithe dnaegindhet dwm g BlS-aedwey kadive vdlll€ 08 sistainting sases, during the

application of rule 6a ‘ﬁe?iﬂt% i%r&&’.%‘?&&ﬁ@ 91 gRlE 1) qg%%@%ﬁ)‘fﬁﬁ%é’&%%@%és?? eifout

optimization of the topology, er with optimization of t p e case of merging without

optimization of {REHBIOIRYY tEnEietEcHISIPRIADIGNEUL fPQYIeddbetalf AHRE BT IESRHYET onsidered
that the first node thrab@isco\vee\thenbibie mpet far onsareaitpelogyygeversal procedure. In this way, a

radio module of a nodgxfiRN@MWREKBPGIaIRedS dudl syBienbichRasdeiestarl dringrdsdistening in
SS mode, a BS radig module of q node y not bel?rrlgéngng%(}u at ne%ork emaigls in SS mode and

. limited or unlimited duration—, ,severa | S, in ode e gondition that .
continues the association and synchronization proceaure wi RthardeteciedB , anlIeE e control unit of

the node x comPAlNS BieheamSiEe IS HieIBS HEthE EAHIBIZAGIIEBE fRsitode x, which was in SS until then.

If a BS of a remote nadeiwas eoaperiedtiontas radiornoshilerpéithia radeandrt&Bgmnatishuitinthen, during
the transition ofﬁmﬁelgtter into BS, the connection is broken. The BS radio module of the remote node
must then perform a dual cycle once that connection is broken, and it will discover in SS mode, during its

dual cycle, the BS of tNeX¥derPraBtfe SRFidersbiReioNURRbY e $bntrol of the control unit of the remote
node, the radio moduleunthiértherefdrengalve treegihgadiclyeles tb-getwritsS Banoltlecasidacdwneetesth the BS of

the node x (revars@g gRASHAIN WhiRdRE BRICIREILER GRRERKED NS teRRAEHed theradio
node):
one without optimization of the topology,
the other with optimization of the topology.

The case of merging without optimization of the topology consists of simply
applying a first discovered node principle: it is considered that the first node that discovers
the other performs the topology reversal procedure.

In this way, a radio module of a node x of a network operating in dual cycle, which
has detected, during its listening in SS mode, a BS radio module of a node y not
belonging to that network, remains in SS mode and continues the association and
synchronization procedure with that detected BS, while the control unit of the node x
commands the transition into BS of the radio module of the node x, which was in SS until
then.

If a BS of a remote node was connected to that radio module of the node X, in SS
mode until then, during the transition of the latter into BS, the connection is broken. The
BS radio module of the remote node must then perform a dual cycle once that connection
is broken, and it will discover in SS mode, during its dual cycle, the BS of the radio module
of the node x. Under the control of the control unit of the remote node, the radio module
will therefore leave the dual cycle to go into SS mode and connect with the BS of the node

X (reversed connection), while the mode reversal continues in the remote node, the radio



14 module in SS mode until then going into BS mode, etc. The topology reversal is propagated gradually.
Figure 11 shows the finalization of the merging of the preceding example without topology optimization
according to the configuration shown in figure 8, followed by the first merging stage shown in figure 9, in
the case where the radio module F2 of the node F the?t4detected, in its dual cycle, in SS mode, the radio
H3 of node H first (and not radio module H3 of node H, which detected, in its dual cycle, in SS mode, the

radio F2 of nod®#Hi&stN SS 1A d8hPRE SRR AT dEWEeF Gorldad9er '3/ tHEVRIER{n8de D). The
latter being responsigietograveidiynchronization of the network, in a first embodiment, one avoids

reversing the SS/BS m@dﬁesqu {hewadie ﬁﬂaﬂé&fﬁ%fefﬂkl@r{?é@ﬁfg of te e GRMR Enep@ingH

optimization of the }o orog%me_ntlonedr ciallbove each free BS gfa Q?rg\%olglﬁet%a?amvl&es dtge t%ez%rg?ereof, for

example in the FRRR O@am%?é'?fh?gcs?lzenge}% hg ?HHF&%‘{&“ M VRNEUS ys, for example by indicating the

total number of N&PEY iFiate Shewvorkoure Innnhe case aria ey raakymbd aiéhenedfodénRt which then
detects, during if&s&edpde, duniagely, hesmgiogefeha rivialles behomk ignqees the latiemoader the control

of the control upjt, yng éhﬁgﬁ’%ﬁ H%‘Péjc‘?ei]ffi f?s%ﬁl EYale iﬂfos'ﬁjﬁuvéﬁg,i%gw‘%‘aw%%m‘éﬁéoﬁﬁré‘q.it detects the

radio module in SS mode in cycle of the smaller netw ich then Initiates the topology reversal in

its network (it will be ABt8E FAMAE BRIRYATRALIGRHsHenGfa Bintidhe Mib%ntanHs a6t cannot
always be usedoringheesasestfi@ifectionalacitemizaspn of Feuseusirkg this rivsthedbidisahvaysthe smaller

of the networksap\hﬁa@;g@gmtmglgg}gg;ﬁ{odes JPiRe AR RaliNRsensistissaEproadcasting not the size of the
network, but its impor}ance In the event a hi&rarcw must thEeSI%ecFed between (Jwetworks%,cﬁnd the less

important network then rtrq%rgaesse v@ftﬂ]ﬁ%%mr%dl\f'e ir?ﬁ)tbr AHCREWORC OPOI9gY SRENERT O&Pﬁ)éﬁt,el IS the

hierarchical lev&refBReotiadlatyers BB indhecuzstiierrt ©f dramekvork ehiiamelicermRieltiise network in
which the topolegy tan@isaldaiitéake pliaas wdysHonayepmay inoickenganahimnachwitbethe pseesding size or

importance criterig.. ot égﬂre 10 corresponds to one example of finalization of the merging with network
optimization, according to the approach configuration illustrated in figure 8. The network 101 being

larger, it is the dual cyBI#fERGEmBAHR FEOIFHRIB R IR YUY itEes SieHste HEESRtrol unit then
refusing to estabishaeannettiphdietgies mtheraikr opti@radinoresdoteldd8rinBBrimedwetng the dual cycle

radio module iR FARFRINIT RGRMRGEIOMBEIWERR HRRyelRe anfifAdbRR il Hrereigbe established.
detects the radio module in SS mode in dual cycle of the smaller network, which then
initiates the topology reversal in its network (it will be noted that the solution is always
valid with omnidirectional antennas, but cannot always be used in the case of directional
antennas).

Thus, using this method, it is always the smaller of the networks that attaches to
the larger.

One alternative consists of broadcasting not the size of the network, but its
importance (in the event a hierarchy must be respected between networks), and the less
important network then merges with the more important network.

In one embodiment, it is the hierarchical level of the dual cycle BS in the tree
structure of the network that will condition the network in which the topology reversal will
take place, which may or may not be combined with the preceding size or importance
criteria.

Figure 10 corresponds to one example of finalization of the merging with network
optimization, according to the approach configuration illustrated in figure 8.

The network 101 being larger, it is the dual cycle radio module H3 of node H that
detects during its SS mode (the control unit then refusing to establish a connection
between the dual cycle radio module H3 in BS mode and the dual cycle radio module in

SS mode). The connection between H3 in SS and F2 in BS will therefore be established.



15 The topology reversal to respect a single SS per node is then implemented in the portion that
corresponded to the network 100, with the transition into dual cycle of H1 and J3, and after establishing
the connection between SS J3 and BS H1, the transition into BS mode of Bl. Rule 6a naturally prevents
any relooping between nodes B and G. Principle 8B does not prevent it, which requires it to dictate
non-relooping constraints. In the latter case, several principles may be considered to avoid relooping.

If the NH has a JIBB KABWRERAD e RRAATIR YR P TBR R GTBS bitRIERATE AL e iPthay prohibit
any link betweehatodessBoadedGo tHewewerk d9longhabdhessitwoimodes!rewiaiof inlrangd3 thedNH may

keep this link infrsIMEHASHHPASS RIRHERKIR ERIIPSBAS HldEdy affst Hakdieakso Bs Hgdate entry of
a node into an already-formed network is in fact the most frequently encountered case. In fact, all of the

nodes are never activated at the same time. The problem primarily consists of determining the
different possible cas&ISfoarTtEdRIYyRHE L HE GO EHARNEoPE R Bt NNEea B2t/ Gn place. Two alternatives
are proposed to resolveéritisigoreblasasaaeorpingte itlasnich aaguites it BCeRIshtm fdleopmgin all
circumstances,c%rﬂgtrlgﬁggs, per formed network node, a radio module in BS-SS dual cycle, i.e. not
connected, respectively for the transmission of preambles and listening, so as to be able to connect

sub-groups or isolated iBEELET CagsyFRYG H @ B NIRRT HIRA Y RSP RABImodule, it may
connect to one of the IfinwtbeBISis basthe Fobatddhstadidge infttie metwork.dbdsradsegpossitsle bervibenisolated

station to connegtwithits, R$ntg hermstuavkidubagder Radhase@tihaslsabeydadrpia megule. Figure
12 shows this first og(tiion with a dual %y%% @_ﬁjio m%dule for”ﬁi(a.ch node of the for, eﬁlnrlgetvgo K. In this

. . WG NQades remain In ran ma' e thi In reserve a, ossinle | raer,.
solution, the Ilnksobe Wedh TR HoGed ISt ba BaYalsiithed d8ad aRNays FoaIPeep one of the radios not

connected in B&8SragHicklycHE satiink bifedie isolated node E connects to node F by connection between a
BS E2 or E3 and the radiadrodnis 2 af natte iitavhanalr@aidyibhephasectd its tualdctyele, taen the radio

F1 of node F WW&&JQ‘H@ 'é%\é‘&u‘iﬂe%’dt%a%?/ %?fQHaL\W‘QPﬁe nodes are never activated at the same
time.

The problem primarily consists of determining the different possible cases of
anchoring of a node relative to a structure already in place.

Two alternatives are proposed to resolve this problem, according to rules 7a and
7b.

According to rule 7a, in all circumstances, one keeps, per formed network node, a
radio module in BS-SS dual cycle, i.e. not connected, respectively for the transmission of
preambles and listening, so as to be able to connect sub-groups or isolated nodes.

During the SS phase of the dual cycle of the radio module, it may connect to one
of the two BSs of the isolated station in the network. It is also possible for the isolated
station to connect with its SS to the network during the BS phase of the dual cycle radio
module. Figure 12 shows this first option with a dual cycle radio module for each node of
the formed network.

In this solution, the links between the nodes must be established so as always to
keep one of the radios not connected in BS-SS dual cycle. Thus, if the isolated node E
connects to node F by connection between a BS E2 or E3 and the radio module F2 of
node F when F2 is in SS phase of its dual cycle, then the radio F1 of node F will in turn
have to go to BS/SS dual mode.

The following operation is then possible depending on the detected radio modules:

If one of BS E2 or E3 of node E hears the SS phase of the radio module A2 of

node A and:



The following operation is then possible depending on the detected radio modules: If one of BS E2 or E3
of node E hears the SS phase of the radio module A2 of node A and: 16 if rule 6b is applied, then
node A will have two SSs (Al and Al) and no reversal will be done in the network; if rule 6a is applied,
then the control unit of node A must send a messagejfg node E asking if the SS of the latter is free. If it is,
SS El of node E must connect to radio module A2 of node A as shown in ﬁF%ure 13, on the condition that

the antennas of A2 arid' EY/&IRAStARRASS K68 838R ditlhave Wecsraiky Bl ran G 1Ay i8tule in
BS-SS dual cyoldliseadoay® kepbettbrian SS mode not connected to a BS so as to be able to connect

sub-groups or isolated |Pﬁﬂ@§a@5%l|3&etﬁ@mm%ltbﬁ&9%@é Rﬂﬁuﬁ%@ﬁ@&%éﬁ@@%ﬂ%& thus
guaranteed, so as t% |nd Cs teg&hatt ESe are in rang to. th%g%el S§ of a node. PUJsuant to

atter Is | mpst_conpect to
principle 7b, a seconagsolu fon consiSts of constant keeplng one Of tiie rad“'os ortie' n6dean pure SS (at

a low cost, for ERaFHISIEY RIMesar s Heuplstlie ke dédf&hﬁ@ﬁ@ﬁﬂ'ﬁ@ﬁé*ﬁﬁh&laafﬂ@mwﬁ&w it possible
to continuously distgohanytgseseace @h&Ss. This station will never be connected to a BS. Each node of

the network is therefo}&%fgr@gé éﬁ)fawa ?Q&%Srmauﬁ%ﬁé@%f n0d§§% Qﬁa%%% q%raggan SS radio

(inexpensive, for exam own |n ure 14, where eac ree radios X1, X2, X3
capable of oper‘ﬁﬂﬂ@ "‘t‘?@gr}?ﬁ%@ P §§ﬁ16?iésade§ VR SRIIBERLSHPEF ALYy Sh '§§J‘t9ﬂtﬂoﬁieéq ual to A, B,
C, D, E, F, G. undéutseantniogndndigie ddntivisimo Rengenerecessaingts HaseyradioteeddsbessitoBS/SS dual

mode, even in nha.avemhaeeﬁak@m%@{ﬁeLf@eeds@n%%aama@odule (X4) is always in listening
mode with an omnldlrgctmnal antenna glure Ilstenln ode ust not Ilsten to the
ra

preambles of the N-1 0 Pt ””F'ﬁme 7t%jaae 885 6'85] nlsé's’ls oﬁ%”ﬁsm eer%'c%c?ure Integrated

into the control tRifadios\afHae '@W@r‘pmn%%léaéﬁtm ﬂ@éM@fv%ﬁ@ﬁ?béWsﬁXéF@dﬁrWl@lﬁé tp4a two distinct
cases may arisdedicated bhaipwselyiigtentagradiaimeduledsdiptnadedttatecty Bseh3ref ange E. If no

other rule is 95‘&'8% ghedNede ‘%hYg'l_l,tQh Pl RBONGRS Esnistiel  BRS ROAIRG AR MG R0 modules

of node A already being connected anges W ave to be made in the netw Figure 15 gves the

configuration oﬁﬁ@eneéﬂﬁf‘oi”kaﬂﬁé‘lplﬁfé\bﬂafﬂﬂ'PBfﬂ?ﬁEC&Fb%%%ﬂbBé W%?ﬂéﬁé*ﬁg?e%%tﬁ network is
only possible if rrdie§rBxpros@earfervexbmpteld is reimyen Fuiitheemdreyheoel edcihe@odenshimethiet 2) The

SS4 of node E Pﬁ%@iih?(ﬁ&ﬁgaemef!# @pe'ﬂ‘aﬂﬁ?g%h%%%@d@ ssteblished pederdill fgysko connect its
SS Elto BS A2 of ngde A. All o ne radlo n:&o uI s %A being connected, changes will have to be

made in the nefESHR FhE reSl\mlng cgn?lgura‘tlo’ e different from that illustrated in figure 15.
Pursuant to principle 7b, it is no Ionger necessary to have radio modules in BS/SS

dual mode, even in the event sectoral antennas are used, since a radio module (X4) is
always in listening mode with an omnidirectional antenna.

The SS in pure listening mode (X4) must not listen to the preambles of the N-1
other radios of the node (local radios). This is done using a procedure integrated into the
control unit.

When an orphan node enters the network as considered in figure 14, two distinct
cases may arise:

1) The purely listening radio module A4 of node A detects BS E3 of node E. If no
other rule is established, node A will have to connect its SS Al to BS3 of node E. All of
the radio modules of node A already being connected, changes will have to be made in
the network. Figure 15 gives the configuration of the network after integration of the
orphan node E. It should be noted that this network is only possible if nodes B and G are
within radio range. Furthermore, node E becomes the NH.

2) The SS4 of node E detects the BS A2 of node A. If no other rule is established,
node E will have to connect its SS E1 to BS A2 of node A. All of the radio modules of
node A being connected, changes will have to be made in the network. The resulting

configuration will be different from that illustrated in figure 15.



17 The choice of the frequency channel allocated to each BS (and therefore used for the connection
between the BS and an SS) can be done in various ways. In one embodiment corresponding to a
preprogrammed choice of channels, the frequency channels of the BSs are fixed, before any deployment,
by programming. The channels of the BSs of a same node are chosen in any manner whatsoever in the
spectrum. However, a spectral separation, while not strictly necessary, is recommended. For example, if

the band makes it pos<IBIEMRCHS IR EREUENENSPRIIE! IGH IREALES AT dReEENSVSEAdYe, channels
1, 15, 30 or 2, 1Be 8dnnewtidhieglwescehe 8380 d0r8Sforeachiofdirevacdeswayss makes it possible to

deploy 15 nodes at 3 BSmPRhTReReR &5RBE.AlIRVAtA 3BSRRAAEE RRinodesiaimebtained. This is

only one examq#e. uencTr(]:ﬁ Sn\nSeijoes rQeog%hoose Chc?q) Is smc(e2 it Irgwst scan all of the. 0SS ble channels

, n
SO as to potentiaﬁg} conhectto a BS. nsé{"rrl%tfhxeer emeg%éiﬁwn n K orygsepnct)hoﬁr%cf%r%mc Io%e Of the
frequency chan?EBn&s LfuihetiBROPIh?: fapEIotHaREENFIPREAeils FVNBIGBREH tHJEORMAS| 0 (e highest
level of the treegpectruheqigvelel, statienta) senrnamits Wnlgheohdtitaronghdtafihrine&mnldigideequency

thereof is therefoye set] %Fﬁﬁr@%ﬁ&?ﬁ%‘é‘ it ,poshﬂ?@ lSYu%b?eriﬁ)@H%(léPﬁ NEGHS) Eﬂ’ the dgyeld stations

through its (their) SS. The frequen% ereof is therefore set by the level I BSs following a predetermined

order.  The dHEERRSON haRtfel TSI tHered ¥ dedfrcdt - stdfthis FBPTahre? ot bR Retwork.
During the mergamip of s noeisoiikss thiskes liepisesibiglobakkylny the mededtadg3ri@da/@el. nodelvranother

embodiment CogERRPaRINAH BsqiAaBuENRIGR QihR: EBRIRRCY IS A GRS 1B ERfeNcies of the BSs of

a node not having anyrcoggegtion NH node) are chosen randoml| amon }]he av 'Irabl chapnels with a
he oes n tf 00S hﬁnnels since | us‘s an_al ogt ed)osa{he channels _ .
gap between the BS frequencies of at least I'channgéls. 0 allow high-bandwidth communications on

the molecular ne@WdIR PRRMAIALLEoRBSStICa BRfocation techniques are necessary in order to best optimize
the use of the spectrairasouse(sheRiiaht eoisedpdndiagticanusingrtite SeqlMdy tpehnirias(ecuse of

transmission chapipls &ty Tﬂ%o'&ﬁggig'&m%t@&E‘,%BW&U%PQH'%%‘F&QQF@ HhighlueLRleRgRe0etween the

communications conducted in para In short, it is possible to consider that the proposed S-TDMA
technique maké@eﬁ)possible to implement, at the same time as the WiMAX frame, on a same frequency,
exchanges between distnevgdirstatiangg)emniddt(s) to the NH through its (their) SS. The frequency

thereof is therefore set by the BS of the NH.

The level 2 station(s) connect(s) to the level 1 stations through its (their) SS. The
frequency thereof is therefore set by the level 1 BSs following a predetermined order.

The cascade of channel values is therefore deduced starting from the root of the
network.

During the merging of sub-networks, this is revised globally in the resulting
network.

In another embodiment corresponding to a random choice of the frequency
channels, the frequencies of the BSs of a node not having any connection (NH node) are
chosen randomly among the available channels with a gap between the BS frequencies of
at least i channels.

To allow high-bandwidth communications on the molecular network, advanced
resource allocation techniques are necessary in order to best optimize the use of the
spectral resource (spectral reuse), in particular using the S-TDMA technique (reuse of
transmission channels at various locations of the network with controlled mutual
interference between the communications conducted in parallel). In short, it is possible to
consider that the proposed S-TDMA technique makes it possible to implement, at the
same time as the WiIMAX frame, on a same frequency, exchanges between distinct pairs

of nodes.



In practice, the allocation algorithm that is used takes place at the MAC (Medium Access Control) protocol
level. It takes into account the relative positions of the nodes and their communications needs (types of
communications, recipients, necessary throughputs, volumes, etc.) to determine the allocations and
therefore the parameterization of the communication hBdes for each slot of the TDMA frame.
Furthermore, the nodes being able to be in motion, the resource allocation must be dynamic enough to
guarantee a maximun' I8 45B1dNARIFERERN QRENBARRRENB5E kST SRCERhIRMASONdYRis
interference levateassChetredtmatced toetiniueksdyirtioracmpurthibeA-dDiEge (Aabitanced {Dy/neaascaRtequency
56"90_'['0“) functiQu comM@é&!Bﬁ%@é@%Q{WGdﬁwmﬁl%& F@bﬁ%ﬁeﬁh@, qg&@s@&?mrﬁﬁ geount the
creations / updatefs / destructloncf of route% wit glo_bal dlsgltwtlop IS pecessar to. avoi ing obsolete

. VO LimeS, F]'[CH {0 ?termlne { F allo 100s_and there OI’? { ee{)arfr\m%terlzatlﬁ f) 1 .
routes during topology'chaiiges, Tor example dUe 10 the breaking of certain finks. ata received by a
radio module ofFaMBHRICFRBIMEIES DRSS BiHASHRIEY #6828y to another radio module, SS or BS, of

the node under the canlrpkeahthe, ety MéirRsadIéG0R Abte, finakarsiitatimtaidhmaateeand the

routing table st t et Al radio o le, I t tr itting it in turn
toward a radio ?%E@%lrﬂ]tec %ﬁ%ﬁtﬁergn%&m% v%hﬁﬁ%g}ioryégg%% ?ﬁ%@%&%igﬁ%h e flgr?él ﬂgéestination of

the data and th&'fBIRHGIABILEAERRY IHhEEHaE $hEVELTNG BB RUPAIFHEVURLUIFPL QU8 NH and/or
local at each nable A-DF$nAldgacase- Dy manimir ¢abiesypBelsenomrilyetidne NH, each node wishing to

communicate with a destnatipprastianking NHJsRerorgdaRe dgdadifisiRereiasa-canses a delay
in establishing communifati ns, which is detrirpental. lnlqr?? em odiment, there are therefore local
rggol al QIStE

routing tables (fée.ast't%nrséd it aieéf/t S HYHLLPHRERR tﬁsmv%'l*} pos&buet'f’cr)] r'%lgﬁcﬁmsésa}%ct)?rﬁ\é?fon without

making a requedtitg ERea\ete. rPUeSAIHINTHERe'o i eNradRsofAIR BRIg: due tgthe iprleaiRgcof §ppAbaCh, for
which each nodeitaas global knowledge of the topology of the network, a "Distance Vector Approach,”

for which each node iﬁﬁ?%?@ég eB%;‘?%C%‘BSJH&%B”&:J'Wﬁ&‘é‘,%%%fr @%’%PE%??&%%EE’M( to reach the
ngt k by t

destination x by passi rough each of its neighbors j. The packets are then sent by the shortest path.

Each node mué??ﬁ@ht%?ﬁag@éé?qmﬁﬁl’a?éooﬂﬁaﬁﬁé? RPfe AL 4R PBLRhekIBR $8™MIPUs neighbors.
Below, we consider finetimstof #sefifal desictateactr troddat! tnd Hetwotiofpehlly Siasd mbbe koowledge of the
topology of the AgtwqHsr T&ﬁid\‘r'ﬁ'olﬁjr@stﬁ@rﬂ%i’i?sf%i§%§t&%§“9&ﬁ§rﬁ%ﬁnﬂ_ W%%@zﬂwﬁt digisibute that
table to all of the ng(flef Pf thﬁ] netw rkt fo%.eﬁjatm le 19 |n?? dataﬂpacket tﬁt a}ftel' ert1d|r%i% th(? beacon,
also called preanr]n Pe? uosiﬁﬁoreFéyso egtwevéﬁc & RSB RSO KO hISeV\Ilréay, anoge rqeoeding to relay
a packet in the Hetdaipkene & soiNin@EYIR? #Ieea forififgetable. As in all ad hoc routing protocols, the
routing table calculaterhbyoilid\tbbissupaaie ddeguiadyatlhonie afordheddiitecalaotrte the different

possible routes, each |H°t‘ﬂ§ @%%(t B‘?%‘tﬂﬁlé qa%@tﬁré@eﬁpr@&i%@ iengrseg&p%d%oR,}gqﬂ%engH, as well

as the established connections (in fact, certain connectio e prohibited, even it the'nodes are in

radio visibility). communicate with a destination must ask the NH for the route to be used. This therefore
causes a delay in establishing communications, which is detrimental.

In one embodiment, there are therefore local routing tables (i.e. stored in all of the
nodes) thereby making it possible to relay the information without making a request to the
NH. Two approaches are traditionally used:

- a "Link State" approach, for which each node has global knowledge of the
topology of the network,

- a "Distance Vector Approach,” for which each node i maintains, for each
destination x, the number of hops necessary (dij(x)) to reach the destination x by passing
through each of its neighbors j. The packets are then sent by the shortest path. Each node
must then broadcast the calculated distances to reach each destination to all of its
neighbors.

Below, we consider the first case, for which each node of the network locally has
global knowledge of the topology of the network. The NH is responsible for calculating the

routing table and must distribute that table to all of the nodes of the network (for example



In one embodiment: each node must escalate its neighbors at one hop and its BS-SS connections to the
NH; and/or any node of the network that detects a loss of connection must inform the NH thereof by
sending a message to update the routing table; and the NH must promptly distribute that link loss on the
network and make the connection prohibitions betweer the nodes in range if it is aware of any. The
establishment of the new network after the link break is then done in the same waY as during grouping

together of two 'BFIABRAHE Just RISHILGS RSRCHRAPA&LTHRE HRBIGL UshissieaYRhBMEFthe control
unit in each nodeeis@ldsstintteemtityoitorim thes naglyo anuliel eseN ey eothalbyss, theken et nataorbe
implemented wi{beg 6919‘(9&&!&“&_@1&6@%%& Piw&h@iiﬁaﬂi% W?&ifﬂ@ﬁ%@&é&?fﬁe%@% fidles Of the
node. 20 CLAINE, L 3 tansesyer stalion (1) Ior forming & telecomuinications nefwori node, said
station comprisf:r?gc‘é JRAPWS BahScANEISAHEg RoGUIRS é‘e ) ';55 Snd a'Controlmodulé 55 and wherein:
each transceiveloRfiti ke Y adeiie AdeopErh e BRI M aaFRIRjeasS P 8ighEetibRieRitakfoR (S )RPdatablish a
connection withi@ bage stadion af anbirsiseihirhsgdgmnrdiRaA nsacstatead BShiecastabligly agonnection

with a subscribﬁrcﬁtﬁggg 8&&%%88'a@o%@sreﬁﬁ%ié‘éi&bﬂﬁ?fﬂon of commands from the control module,
; g . . A

the control module Is adapted to determine or receive at 1east one modification of the state of the network
and to dynamically cORIERTOS R change in the operation of at least one transceiver module, from
subscriber station to baseastatiodeonvitesmigt, igsreifinhotoat ohatteasithisdScsS cedavigohsication;
characterized in that: {4 the NH: and/or
any node of the network that detects a loss of connection must inform the NH
thereof by sending a message to update the routing table; and the NH must
promptly distribute that link loss on the network and make the connection
prohibitions between the nodes in range if it is aware of any. The establishment
of the new network after the link break is then done in the same way as during
grouping together of two sub-networks.
The invention has been described above considering that the control unit in each
node is a distinct entity from the radio modules. Nevertheless, the invention can be
implemented with a control unit at least part of which is distributed in one or more radio

modules of the node.



the control module is adapted so that the number of subscriber stations connected to a base station is at
most equal to 1 2. The transceiver station (1) according to claim 1, wherein, when the node no longer has
any subscriber station (SS) that is not connected, the control module (2) is adapted to control alternating
operation as base station and subscriber station of at48ast one non-connected transceiver of the node. 3.
The transceiver station (1) according to claim 2, wherein said operation alternates as a function of a
random time parameter. 4. The transceiver stationgélé)—'"%(&ording to claim 2 or 3, wherein said station
making up a node of a first network: - a non-connected base station of the node is adapted to insert a
parameter indiCﬁtm%%g@&\vgﬁﬁti&ﬁpﬁFt%%rﬁﬁﬁB%fié%d&ﬁ%%%éﬂcﬁaﬁﬁ@ﬂﬁoﬁ@ﬂ@&@ﬂ%@(aﬁ@iﬂ base
station; and/or - Whet:rllé dltJEinc(J;ta ternatin %Peratg)rﬂ of? tla scecijver mct)d le %f Fh%ﬁ:odg, said
transceiver mo&ﬁréptrﬁsér}goaper%?mg‘ﬁv L REPRIP dte A AR O RN EARE ted base
station of anoth&Reiede of a second network separate from the first network, said frame indicating a
degree of importance &fcthgapeceiner Areivrks Hiamentwodpaede giohtindpde DEibscfibst setwark is
adapted to: 21 (%h%%%odsgs%ﬁsﬂfénwﬁﬁb&%ﬂfiﬁ wﬁﬂ&g& §§§&QQ&%“@!PQHLP%°&’H%} o afeges ghdmportance of

first network, prohibit the connection between the transceiver mo oPeratlng as subscriber station of

said node and SHHBLES SR ASHRUFIR GMSCHYHYIRAFURSHE Herlendt ifnpisRah a8t 1AESs88ond network
is higher than tldwegoe@iofompantisfoeroththeofinst metluerk, authorize the connection between the

transceiver module ofifae-Haet PBEIRIRGARUIPRFHBBISIRIN8ad salfibase satiemmbiia efher node. 5.

The transceiver station (1) according to any one of claims 2 to 4, wherein: when, during alternating
h i ' d'k? ¥ f clai h\hhd'gltn'

operation of a th%gtcaet?ver rr]neorbetﬁ\fveof) %P}% RS g?g'%ﬁnceo@ttlrgnaaleeeérsf{eocrl] ?ucg 8 ?dﬂttyelsoggfa%cﬂ]sﬂed between

a base station &t {6t98e HEAecaEr sapd ke RIsaiBaUREAH e RS ERYCALE IS MMehe: 8fadion, and the

number of subsigrb®instatinBast iy ®ated ik thedasdeatiengreater than or equal to 2, the control module
commands said transgﬁéyg&gﬂggéjjﬁtwgave the alternating operation and keeps it a subscriber station
while it commands the other connected transceiver modules of the node then operating as subscriber
stations to transition t8'b4EB'AHNBH S PHRPRIRE KIREN& B BRS A SLRdiRLY8HA%F RO "&FRfected to a
network and also @basprisatignaisgavermst@asettivér module (A4) that is adapted to operate only as a
non-connected subscriber station, Wherein when the given transceiver module detects a non-connected

base station of 2 tmd(-% not connected qthe network, fhen thehcontrol module c mm?nds tnat a subscriber
. . The.transcelver station C)[;Elccord(lygto clam 1. wherein, when the node no longer has
station of the trahsceiver station conn O Sal ase station

any subscriber station (SS) that is not connected, the control module (2) is adapted to

control alternating operation as base station and subscriber station of at least one non-

connected transceiver of the node.

3. The transceiver station (1) according to claim 2, wherein said operation alternates as a

function of a random time parameter.

4. The transceiver station (1) according to claim 2 or 3, wherein said station making up a
node of a first network:

- a non-connected base station of the node is adapted to insert a parameter
indicating a degree of importance of the first network in a frame transmitted by said base
station; and/or

- when, during alternating operation of a transceiver module of the node, said
transceiver module then operating as a subscriber station detects a frame from a non-
connected base station of another node of a second network separate from the first
network, said frame indicating a degree of importance of the second network, the control

module of the node of the first network is adapted to:



7. The transceiver station (1) according to any one of the preceding claims, wherein said base station
of the node is adapted to indicate its status, connected or not connected, in a frame that it transmits; and
the control module (2) is adapted to refuse a connection of the subscriber station of the node with a base
station of another node having transmitted a preambl@]indicating a connected status; and/or the
control module is adapted to refuse any connection of said base station of the node with a subscriber
station of anothef HEd&HABASAIRCHAREHhiSEFIAE MIWETS'BIPNGAY@BIthERYERE & RERARSceiver
station (1) accootlifrgttoeanyrionprdiititetiy coedergalabesea eheirtrdnecesrtrolordad ubpesatiaapted to prohibit

the connection baiaee: giDRSLARHBAO I ARGV RERCheFeHS Alieathue gaanection between said

node and said other node. 22 9. The transce}v r station (1) acc rding.tﬂ any one of the grec?ding claims,
. - it _the ? ree TO{ ImROI’ nce of the secon etwork IS ni e[ an,_the ?g{ e 0
wherein a subscriber statron of the node provides a synchronization su?na t0 a base station of the node,

said synchroniZBtoA&ign &l SepERUNGEVOrK afsif AR § dee AW Ga RERRSSCIIBdraoRardieamadEnsmitted by

the base stationfahanethaipaadadhatssheonis ciatotpdhe ssithsastansiatidme bthef Redéansceiver station
(1) according to the preceding claim, comprising several subscriber stations, and being adapted for only
one of said subscriber stations of the node to provide a synchronization signal to each base station of the

node. 11. The traH¥CEREFLLIGHRTLY SRS HURYYHIE BF thiMsréteding'&igins, wherein a
synchronization sweal dependiegaimg signztldnorh SiRBssepravivetl o clltod thelbasestatiding of the

transceiver statigmde hidheoianscsiweiirlied bhhassPyingioamsone shdtePreaeding skaims, wherein
the control module is adaptegluiio cnommand the subsbcrib.gor station of the node saeelgfgufsccqbner;ect to a

base station not {0 TR t0 & preeérﬁ%lgpterg‘rtl'g%ﬁ‘lsea%ys/cg SESEUP SN Of rfﬁemﬁ%] g. COMimunication

method in a telS&SieHAUFRBRESAL ﬂﬂaﬂh@rl@@‘iﬁnﬁrigrﬁgt‘tfaﬁ@é‘ei%tegt@didﬁsZfoﬁl?ﬁngoﬁéﬁ.}\/cbwqw}ties, a
transceiver statidmeRMRISHY fapetdramastive andeatdeast tnertcangCepeestarisnmedepesieach adapted

to operate a'te'aggé%ﬂl}’eﬁ‘itaﬂgﬂgiﬁ%ri?t@&iﬂ éﬁd@ﬁ?eecﬁ%'?"é&ﬁe%’&”ﬁ&i%iw%%é? gajign of a first

other node, an ase station (BS) to establish a connection with a subscriber station of a second other
node, as a funclitfit HLLPRRTAIELA SHPSREPEL RBHP IR SR SERBIPRATFEIWARh, in each transceiver station:

at least one modification of the status of the network is determined, and at least one operating

change of at legst e ARSGELY e (ig, JERBIRMP RS TERGH STAUQRHELRASH SIAHARGK \URE WRISa, IS

dynamically commanded as a function of at le lithéilgethermine rrgé)(gitficatigrg'eagrql said method being
n

characterized iff Rl e it fibat SRS SE&iNaP st R QEPI D A%E s%atlony must 68"t most equal

to 1. 14. The coiPMesRGSNFERENSAIEIcording to claim 13, wherein, when said transceiver
Wherein when the given transceiver module detects a non-connected base station of a

node not connected to the network, then the control module commands that a subscriber

station of the transceiver station connect to said base station.

7. The transceiver station (1) according to any one of the preceding claims, wherein

- said base station of the node is adapted to indicate its status, connected or not
connected, in a frame that it transmits; and the control module (2) is adapted to refuse a
connection of the subscriber station of the node with a base station of another node
having transmitted a preamble indicating a connected status; and/or

- the control module is adapted to refuse any connection of said base station of the
node with a subscriber station of another node when said base station of the node is

already connected.

8. The transceiver station (1) according to any one of the preceding claims, wherein the
control module is adapted to prohibit the connection between the node and another node,

when there is already a connection between said node and said other node.



station no longer comprises any non-connected subscriber stations (SS), the control module (2) of the
transceiver station is adapted to command an alternating operation as 23 base station and subscriber
station of at least one non-connected transceiver of thze2 transceiver station

9. The transceiver station (1) according to any one of the preceding claims, wherein a
subscriber station of the node provides a synchronization signal to a base station of the
node, said synchronization signal depending on a signal received by said subscriber
station and transmitted by the base station of another node that is connected to the

subscriber station.

10. The transceiver station (1) according to the preceding claim, comprising several
subscriber stations, and being adapted for only one of said subscriber stations of the node
to provide a synchronization signal to each base station of the node.

11. The transceiver station (1) according to any one of the preceding claims, wherein a
synchronization signal depending on a signal from GPS is provided to all of the base

stations of the transceiver station.

12. The transceiver station (1) according to any one of the preceding claims, wherein the
control module is adapted to command the subscriber station of the node seeking to
connect to a base station not to listen to a preamble transmitted by a base station of the
node.

13. A communication method in a telecommunications network comprising transceiver
stations forming network nodes, a transceiver station comprising a control module and at
least two transceiver radio modules each adapted to operate alternatingly as subscriber
station (SS) to establish a connection with a base station of a first other node, and as
base station (BS) to establish a connection with a subscriber station of a second other
node, as a function of commands from the control module, according to which, in each
transceiver station:

- at least one modification of the status of the network is determined, and

- at least one operating change of at least one transceiver module, from subscriber
station to base station or vice versa, is dynamically commanded as a function of at least
the determined modification; and said method being characterized in that the number of

subscriber stations connected to a base station must be at most equal to 1.

14. The communication method according to claim 13, wherein, when said transceiver
station no longer comprises any non-connected subscriber stations (SS), the control

module (2) of the transceiver station is adapted to command an alternating operation as



23

base station and subscriber station of at least one non-connected transceiver of the

transceiver station.



