1 SYSTEM AND METHOD FOR MANAG NG COVMUNI CATI ON FRAME | N A MESH
NETWORK The present invention relates to a nmethod for managing a
radi o communi cation nmesh network and nore specifically a nethod for
managi ng poi nt-to-rnultipoint comunication frames according to 'the

| EEE standard 802. 16- 2005- W Max in a radi o conmuni cati on nesh
networ k. W MAX, which stands for Worl dw de Interoperability for

M crowave Access, is a technol ogy which all ows access to wireless

wi de- band t el ecomuni cati on networks. The abbreviation was formul at ed
by the W MAXSRGITEM ANLE METHOD FOH MIARRAGHVG mmaMUTAT A TIOREFRAME ed
conpani es whose aimis to devel op, supervise, pronote and test the
interoperability of systens bdbedMiSH NETVERRKSt andard 802.16. In
conventional systens, radio technologies structured in such a way as
to be used in hierarchical networks of the point-to-nultipoint type
differ fromradi o technol ogi es designed for use in parity networks of
the mesh ¥RCoreddlf ifdehilln IR B LRADACLE Bnbding 8 ALE LolRnlAibE mesh
radi o systens“used 1 n public celTilar net wor S, while the second type
i s typi cal tepworkedd inrore ebifiodllyyi wathoh fartmeapaging seintio-mulHpengsorEmaTGHEn
such as sepsor nal i k I hi 2 i :
Thi's o tusRTon Sa0oheR e dEms SEHbi-d hop To pbbEAER tn B LG R En
t echnol ogimed: r@suwek.opment and general |y does not all ow the sol utions
to be reutilised horizontally, i.e. independently of the network
application to which they refer. Docunent WO 2007/054874 di scl oses a
prot ocol f@iMadorehiniatstangs tihe Vadrdydde ikaropsrailityefr MicToWavg AstHiprik 2
t hat conpr - et 0 AV ehrge
Document | USSR S A e e e e O o R
i ncl udes asbborviation et ifomutiesd wethe VA K Fosenco amseititadommed o motethan
functional ] I4t . tati o) u the 1,98 -t
Docunent V@%Sﬁ%&%&%‘%&f@ﬁ%@géaaﬁ-hneﬁfg\r/\)%riw?llg e Qﬂsﬁ, %%O?bc;ﬂ% sag‘g tﬁsést%lgr
means and iseropanrbilipaiaystems based on the IEEE Standard 802.16.

Tn conventionzl systems, radio technologies structured In such a way as to be used in
Wierarchical networks of the point-to-muliipoint type differ from radio techmologies
designed for use in parity networks of the mesh type. The first type of technology is related
to mobile radio systeras used in public cellular networks, while the second type is typically
nsed in technological miches, also of large dimensions, such as sensor technology or
security, military and polics nei:wprks. This situation has resulted in and still results in
discontinuous technological develc;pment and generally does ot allow the solutions to be

reutilised horizontally, i.e. independently of the network application to which they refer.

Document WO 2007/054874 discloses a protocol for coordinating the allocation of
timeslots in a network that comprises sub-networks that operate on a phcality of channels,
Document US 2006/0264214 discloses a point-to-multipoint network that includes a
communication device that can be configured to provide functionality of either a base
station or a subseriber station.

Document WO 03/069855 discloses a network node which comprises master maeans and

servant means.



1 a An object of the present invention is to propose a nany-to-many
parity conmuni cation technol ogy based on a point-to-nultipoint

hi erarchi cal network communi cation technol ogy which is able to
co-ordinate the participants in a nesh network, so that each
participant is able to communicate, rn the best possible conditions,
with the other nodes participating in tlhe network. This and ot her

obj ects are achieved by a nethod, the main features of which are
defined in aim1l. 2 Particular enbodinments are the subject of the
dependent clains. The invention relates furthernore to a nanagenent

system a c I i wor k ..and net wor kK node as cl gi ned. The _

i nvention re|atE%P?%%%&ﬁggﬁéﬁgmpgﬁ?%ﬁ%?%ﬁ?ﬁ@é@?%ﬁ RPEY FREDT ey sption
net wor ks i rtechmblogy bysed endipbindbsmaitipbehighrdol el fabdrh @oxﬂﬂﬂﬁﬁatiaﬁrtbﬁﬁnbhbﬁy
the inventi ' sed _on,.the_applicatjqon of conventiopal functional
roles of a "g%f:fh fss-%%g%— t(rgruciofolr%]g%’]cﬁ ple%f%ﬁﬁaﬂési%a&ief}i‘ REw 9‘?/?%&’6 e3ch psdigipant is
wi th dynanialeaesognmaittepin thiibest pbwiblodontiiens GREWRY GhdixHed Q@ Spating in
nanel y theéﬁggﬁ% ation of the communication tine frame of a
many-to-many parfty network in a plurality of intervals or time units
wi thin each of which a point-to-nultipoint hierarchical comrunication

h i | i d... -
scheme | S| "3Es a{nﬁ%sz]%r objects are achieved by a method, the main features of which are defined in

Claim 1.




The invention therefore provides a hierarchical conmunication schene
fromone node to a nultiplicity of other nodes for the purpose 'of
provi di ng wened/gseny parity comruni cations. In this wayrisb#g/osqdes
participating in the network assume, based on a principle involving
rotation of the functions, a "master” faunction of the hierarchical
comuni cation for the tinme intervals within which this role is
pre-assi gned. -The network i s managed by adapting and nodifying its
mesh structure using operational paraneters which are nmeasured by the

nodes t Nermel {3 ABbIHEHRIL B8 hedt BRRDSLIREK, EATPI s of these
paraneters are e quality neasurenents on e radiro channels and the
di mensi ons of the | oad associated with each node participating in the

network, in ternms of Kb/s. Further characteristics and advant ages, of

t he i nventifgAnYGRFPD Frlat HEPRFEi9e PRBAFPHY SHLTR: ¢ enTpRueatiop ppRyprk and

whi ch f ol l;gweworRmeNé geduipdael y by way of a non-limting exanple, with
reference to the acconpanyi ng draw ngs i n which: Figure 1 shows
an exanple of partitioning of a conmunication frame according to the

| nvention fat ﬁvet,rﬂﬁ% Iteiaﬁig BNkt &iband Padtd Q%&E%ZSZ Fés;;%rll??f?p E{e@l‘?%é&%r% in
Fi gure 2 shows an exanple o paﬁ?ltlonlng of a frane o lgure 1 tor
t hree di f fneob@lity comtiianslof fledesicipenatodeg as a base radi o station
Figure 3 shows a nmesh network topol ogy according to the invention,
conprising four nodes and a "l egacy” nobile term nal station; and

Briefly, the invention is based on the application of conventional functional roles of a
point-to-multipoint network in a time division context with dynamic assignment of the
roles of the communication nodes, namely the organisation of the communication time
frame of a many-to-many parity network in a plurality of intervals or time units within

each of which a point-to-multipoint hierarchical communication scheme is replicated.

The invention therefore provides a hierarchical communication scheme from one node to a
multiplicity of other nodes for the purpose of providing many-to-many parity
communications. In this way, the nodes participating in the network.assume, based on a
principle involving rotation of the functions, a "master” function of the hierarchical

communication for the time intervals within which this role is pre-assigned.

The network is managed by adapting and modifying its mesh structure using operational
parameters which are measured by the nodes themselves participating in the network.
Examples of these parameters are the quality measurements on the radio channels and the
dimensions of the load associated with each node participating in the network, in terms of

Kb/s.

Further characteristics and advantages of the invention will become apparent from the
detailed description which follows, provided purely by way of a non-limiting example,
with reference to the accompanying drawings in which:

Figure 1 shows an example of partitioning of a communication frame according to

the invention into four time units;



Figure 4 shows an exanple of franmes for the network topol ogy
according to Figure 3. The nodes according to the invention each
consi st of we egwsadi o station part (BS) and a nobil e permanglosz4is
station part (MS). According to the nethod of the invention, the
radi o system operates through tine perﬂ%ds (the bl ocks) in which the
nodes assune the role either of base radio station or nobile term nal
station. A frane can be divided at the nost into eight units, during
whi ch each nodiégwe) showy amexunmde of wartitipniregrafai fname obBigudd lofor ihree digferent
the role qf di i.on and. for. anot her nunber M of bl ocks,
assune thene} oqa}ggg e%r%griaﬁ}éga%sear rﬁsﬁra%los%?%oflbn, in which N and M are each
conpri sed W t [Higuré hehovasmesdhlnetlorRieholdg® astondiag td\thantbeMiors compissiigfaar
or equal to,7; assuyne, .for a nunber of bl ocks, the role of

2)“ T
mobi | e t erRATSANd 2 "lgspon %%{eﬁwala@gwn he role of base radio
station, wher @igdré 3lshSwivut BlathfidI6f frAREof the AletwolR %ﬂ%ﬁ;é?sac&fﬂiﬁﬁ to Figure

operate in node 1) performboth the functions of operafive base radio
station ad nobile termnal station and are designed to provide a
comuni cati on of the one-to-many type. These nodes are called
"multiple relay" nodes. The nodes which operate in node 2) perform
only the fTirctdadesaaordipe teathi wevembdai ¢aeh texsist Ak badeatdiontatind pait €BS) and a
designed to rat.e.in . a node ll.ed "MS mpde". The bi.l e term nal,.
ctat Don pateBegih PafSp Bt oS WSfsae iy e aicamd Q5B S E0LTo adio
when the Bagen ropdiatesSshafubR MinkApdriods (1hBSISRIEINNAERNI the ROUesPi4SIme the role
comuni cating. It should _be noted that the architecture divides up

the tinme &1thd opbpseradipstation o aphily terninalstatietandar d 802. 16- 2005
(duration 20 nms) at the nost into eight blocks. Seven of these bl ocks
can be used by the nodes to operate with tine division and one is
reserved folramapaderdividepatdbeniostasto eight units, during which each node may:

1) assume, for a certain number N of blocks, the role of base radio station and for another
number M of blocks, assume the role of mobile terminal station, in which N and M are
each comprised within the range [1,7] and the sum of N and M is less than or equal to 7;

2) assume, for a number M of blocks, the role of mobile terminal station and never assume

the role of base radio station, where M falls within the range [1,7].

The nodes which operate in mode 1) perform both the functions of operative base radio
station and mobile terminal station and are designed to provide a communication of the

one-to-many type. These nodes are called "multiple relay" nodes.

The nodes which operate in mode 2} perform only the function of operative mobile
terminal station and are designed to operate in a mode called "MS mode". The mobile
terminal station part of a “multiple relay” mode may become operative only when the base

radio station part of the same node is not busy communicating.

It should be noted that the architecture divides up the time of a PMP frame according to the
standard 802.16-2005 (duration 20 ms) at the most into eight blocks. Seven of these blocks
can be used by the nodes to operate with time division and one is reserved for management

procedures.



WD 2008/ 155737PCT/ 1 B2008/ 052418 4 Wt hin each bl ock the base radio
technology is a S-OFDVA derived technol ogy, in accordance with the
standard Vivo\bbs/B88716- 2005. The system according to thect/meesstosons i S
conposed of a physical |evel and a MAC | evel and is therefore
conventionally related to the so-called’level 2 switching structures
used to formthe network bridges or switches. This systemis useful
for providing level 2 radio switches from Ethernet via cable (IEEE
802.3 - extensions) to radio comuni cation of the W MAX

pOI nt - tom"*\/ﬁ thROLL diy8e heTQ% Mb‘giopf%ﬁno? t{1€, QV (%ﬂ)l‘Y/I'Ange%e%lhtelcﬁno%gg in

(procedural managenent eve he" Mesh net wor operates Uusi
"schedul ecicBdvBincpr witlsi tpb estialarid VﬁthAhé goaadas-200@t Theo rsy:aemegmcbahng itorethe

basi s, the assi gnnment o ch SI Ie u nt er node.is
aer | o i EoR Mo St S A g el S 5hY 4 WG o8 SRor Eitelray cwentionally
basi cal | y relefedne dhdso-aales Ny bashignk QuMiel ubddn®-foih eié/aétbveﬂc bri e or
structure, is based on the fol |l owi ng assunptions: - the

comuni catSaespe ThiP sydem He ugriainfor peovidiae soveli? radie switelespirere IEthernet Via
in accor de@aﬁl% WEEE 56?3 Ph@xtg&%@ 1tf dl"g&l%t @&nrhﬁhlegﬁ%n Sétaﬁga l\/llAX point-to-

802. 16- 2005. Two- way connunlcatlons ase radi o station- mol

term nal gnetipeinttype pernmitted (i.e. "multiple relay" to "multiple
relay"” and ,"nultiple relay" to nDbiIe term nal station) and neither
comuni cati ons between base radi o stations nor communi cations between

nobi | e t erThiendACspat bDiie @redlying Medh R (pr(ﬁ&ﬁiﬂalrfﬁh'lalgﬁnérﬁrlmdllaif the mesh
station is eynchronlzed and conmuni cat es Wit one base

station, BGEVITR\ORFEIES Bing hescheduisd BMEBe P‘F%Fdli’lé be%eétomdh% fact ﬂlah@nm\pgular
frames ”Ustfmélfa‘éfdrthQ%Si@g'!eﬁ%fi MclPfflglt mﬁt Ifgk/P oﬁ)c?cflfepgodesis fdaxgskqat 20 ns

so as to ensure conpatibility wtht standard
The system according to the invention, which may be basically defined as a scheduled
systemn with time-intervalled frame structure, is based on the following assumptions:
- the communications permitted between the nodes, within each block, are is in accordance
with the PMP modes indicated in the standard 802.16-2005. Two-way communications
base radio stetion—mobile terminal station are permitted (i.e. "multiple relay” to "multiple
relay” and "multiple relay" to mobile terminal station) and neither communications
between base radio stations nor communications between mobile terminal stations are
permitted; )
- each mobile terminal station is synchronized and communicates with only one base radio
station, but may monitor the other base radio stations;
- the PMP frames must occur periodically and the frame period is fixed at 20 ms so0 as to

ensure compatibility with the PMP standard,

Figure 1 shows an example of partitioning of a frame 10 into four blocks, and therefore
suitable for a network which has at the most four orthogonal transmission channels. The

units are indicated by 1, 2, 3, 4, respectively.

One or more blocks are assigned to each single base radio station of each node, as

explained herebelow, and within each block each base radio station may communicate with



Figure 1 shows an exanple of partitioning of a frame 10 into four

bl ocks, and therefore suitable for a network which has at the nost
four orthogambs/issmnsm ssi on channel s. The units are i ngiwaked/obyid,
2, 3, 4, respectively. WD 2008/ 155737PCTAB208/ 02418 5 the nobil e
termnal stations associated with it, ih PMP node according to the
standard 802. 16- 2005. The net hod according to the invention perforns
a time division of the radio resource between the base radi o stations

whi ch occupg mahde servea) sHEPY PapridPd $init, R iR mede) aqcarpiag 3P gl tandard
where the %@ﬁﬁgggﬁ' PheSthethb® Rechii RO 0t o%%d%gn@?ﬁg %i‘gﬂ&b{;fﬂe% Padio

channel , the may I n any case operate by ‘neans of the no

termi nal gsesuranbetivhen lizes bascathd® statbnsowhicht ecdipy eh¢ rthogonahsmnsmission
remains ac Lvee at the MAC | evel but cannot access the _

transrnit t8F ESCel ver or other physical level functions. A single
antenna is in fact associated with each node and it is connected
alternately to the base radio station part or to the nobile term nal

station pakthe blpgks where e baseeadinostatinn \umet authorisednyhmesagedhefadig channel,
station ingep } i bl meSneSSRE] i i

station of qn%c%ﬁg?}‘ ﬁloﬁ,gq{o&?é ét)%gat%g% \I/{ioerglll anggv&{nﬁ) roﬁg(t:égﬁjnwualn%tgtg)tngﬁfeﬁba[sﬁgdﬁo
manner st isgtipatisigribse irhaeny tcasedmmdingy ¢KiXe 80 2hel $12008vel Ibut tchimoeesegsh ghe

accordi ng j . | S d are, assjgned to.a.first .
base. r aay it o il BRI @ incfo R SHE ARG 2 i el drSdined
and 10b. With dakloaéde3aniddt i3 sehgoied alt@natelyas thiebalaradiorsatibn pat ai foahe 20Bile
i ndi cated by .arrow 10c, and the block 4 is assigned to a third base
radi o statt?ré’l“aéﬁtﬁt,ml?m'cat ed by arrow. 10d. Said base radio stations
100, 200 and 300 use the transm ssion channel, in "nmultiple relay”
mode, for as long as the network considers it necessary. Assignnent
of the bl &¥KES Ay dinte pedasomarmsathe gretblet ineainak patidsainterfageliis operativepris jis

but ensurgg,k - | [Waks | Gatd
the 1 att or o e oy e e is® ol K AL rSh ARG olE b BE Ao CAREAN ot
in the manner stipulated by the standard WiMAX 802.16-2005.

In the example according to Figure 1, the blocks 1 and 2 are assigned to a first base radio
station 100, where assignment is indicated by arrows 10a and 10b. The block 3 is assigned
to a second base radio station 200, indicated by arrow 10c, and the block 4 is assigned to a

third base radio station 300, indicated by arrow. 10d.

Said base radio stations 100, 200 and 300 use the transmission channel, in "multiple relay”
mode, for as long as the network considers it necessary. Assignment of the blocks involves
coordination between the base radio stations, but ensures that there is no interference
between communications of the latter with the mobile terminal stations associated with

them.

The frame owverstructure introduced in the present invention is obtained by suitably
configuring the PMP standard frames, such that the base radio station of each "multiple
relay" node shares a single time reference. The system envisages that the duration of a
PMP frame is equal to the duration of N blocks, where in this example N=4, and that each

base radio station 100, 200 or 300 of each "multiple relay" node transmits the signal at the



The frame overstructure introduced in the present invention is

obtai ned by suitably configuring the PVMP standard frames, such that

t he base rea wogisatsron of each "nultiple relay” node sharem:asssng e
time reference. The system envi sages that the duration of a PWP frane
is equal to the duration of N bl ocks, ere in this exanple N=4, and
that each base radio station 100, 200 or 300 of each "nultiple relay”
node transmts the signal at the 6 beginning of the bl ocks assigned
to it. Theegepimgdt ks agpigngd thid i nventi on envi sages that a base
radio station in the units not assigned to it is swtched to uplink
node and does not performtransm ssions to the nobile term nal

st ati ons dBeanethdédabcordiy fotthe irﬁbgwneenﬂnssgwmlmthhﬂsd htpesthimadn tlechirdts not
stations 10Q Q0,. .300. ordin Figure 1 with which three fra

20 30" and™HPeais t8 Spiecti Seyopii moeion oS roARHENTY BUBRISOSh A FHDTe
Figure 1, tthendlsRekss absqenedv@iitt he first franme 20 are assigned to
the first base radio station 100 (arrows 10e and 100, the bl ock 3 of
the second frame 30 is assigned to the second base radio station 200
(arrow 10 f : d I i

to the t il baseors figVep Briiaf ichySod, igellate Aydie 15 g gt
and 40 of wdadhthpessframesd2® 36t autli 40nard @6soci2®0. dnch S@flaminkhner oo tlek shoven irs

Stations T Sobe BPesobavbip! s FihedRe A< e sbRE Sahe b 8RR Sefon,

will enteroo r(ﬁlﬁ)vﬁd‘ll()d ﬁ'ldGIOfﬁttHé Bloc B%fﬂﬁé §ec@1f1d ﬂaﬁae 30rigABsigled t8ehdtdoftd
which is g@;ectlvely at the di sposal base radi o _station 100,

200 and 308Sfie SE%H@P@P%K%T%lQﬂMan fh?ef?urélbblpﬁfeﬁ@t}ﬂl@ﬁ'@f%fr@ékéo 1s aspignesl

and 4 assntaﬂedmwbaseradwgtasdﬁ%o@f(a&&@m assi gned bl ocks, each base
radi o station 100, 200 nmust ensuré that no transm ssions are

being perfornmed (by |tself and the associ ated nobile term nal

stations) . gl?‘f‘an%g 96 k§0 dnd 4o §f gfﬂ)ﬁ b%seoltadﬁas[?ﬂloph%ﬁ‘%&p ?n%o%((%rkgllﬁcoan Qﬂs

can be used for conhuni cati onh contain e down transm ss
part D andvhidhecanpdtibelased ﬁ]ﬂSOﬁ‘lﬁ'ﬁlnmmtlcpﬂf}tthU[esﬁ.&:tl@Kbh@Irﬁkﬁd stad bl 00| moo or

Figure 2 hree, f rames , osi tione t he_basi s
ot 5 51 g P8 i e oo e R sHilon Bl REPLRIG B g Defeier TRpar of

first bl ogkchofrarhbe0f30 8dd 46 HRKhA9 effI&'tﬁzefyr ANRe aﬁﬁ@sfal bh@acﬁ'lfaﬁ radRSQation
radio station 100 therefore begins in the unit frame 30 of the

base radi d0&t280iaBé 30Qwilhkgiefpse ﬁomlm@abﬂ@%wd:byahmblpﬁ@ 1 2 ahendabassienedyio
third bas G. bﬁgid?: of Hﬁetsé %lgﬁgcpblg@l&', ERh 'st Ija&'io léf?i'hgn 400, 200, 300 must ensure that

no transmissions are being performed (by itself and the associated mobile terminal

stations).

The blocks 1, 2, 3 and 4 of each frame 20, 30 and 40 which can be used for communication
contain both the downlink transmission part D and the uplink transmission part U, as

explained below.

In Figure 2 the three frames 20, 30 and 40 are positioned on the basis of a single time
reference, the origin O of which is fixed in the first block of the first frame 20. The frame
20 of the first base radio station 100 therefore begins in the unit 1, the frame 30 of the base
radio station 200 begins in the block 3 and the frame 40 of the third base radio station 300
begins in the unit 4.



WO 2008/ 155737PCT/ 1B2008/ 052418 7 The met hod according to the
i nvention envisages that a base radio station swi tches from downlink

D to upli mgodobefserse the end of the set of adjacent Dbl ogdgSiphénsikdseh
it was transmtted. The first base radl,}) station 100 has two adj acent

bl ocks avail abl e, nanely bl ocks 1 and 2" and may therefore decide to
switch fromdownlink Dto uplink Uat the | atest before the end of
unit 2. The second base radi o station 200 has only bl ock 3 avail able
and nust tHeraetbed agrordieg ta dwiinventionyemisagenthathy basggedigstation swieheslfrom

The third c@%ﬁnﬁ%’ fu% 'U?Q%fggoth@l ?gIOEQﬁ%QQ of abc! acgrlft ﬁ]lo Vsal'nI Fxcﬁ As wgs

nmust therefore per 'S assrgned | n erva
| ai d down transmhedsrhmﬁmt waﬁ@%d%staﬁﬁﬁlmmbaspmm idjﬂnnmblobhea\dde,l it dDy

- uplink dary. ma rane.to _frane LS .

communi catLg’e‘Ef’% 3 B%‘Z@aiyé 6f°’éet ‘geﬂd{‘iﬁo SW‘@P\@"H’O@\‘W‘?}W& ltﬁ%HH'é'FI%U[f‘t the
For each hage befoilé e sh@bf @it 1GPe seBfd bR Padid sthorPRRHaL bely bR cief dvaRable
t he bl ocks aSSI géhed to it and the blocks which nmust it | eave free

wi t hi n eachd rpughdhepeforegprianmy swisching mathinethimagsignedeintesyal whhe thirdheseradio
N bits, i tygisn ROt s bt ' “ahd i itcHing i
4 whi ch t he 1bI:}tse ra Sgl osts?t ﬁ gﬁgiggﬂglaglgoa%gr %‘ e}é}greﬂisegﬁgﬁé&gd%g%vv{nﬁlh
t he bl ockghik assPene@ ingervdl. i n whi ch the base radio station 100, 200 or
300 may not transmt. This vector is called "nask"” associated with
the frame 20, 30 or 40 and indicates to the base radio station 100,

200 or 30Q:swhait gowihen ticasiandad SBQIMO@tHée;stﬂi%naﬁC{ha\/ﬁ@ﬁ/ﬂhﬁmD — uplink U
transm ssmns are permtted I n the exanpl e accordln to Figure 2,

the first bguRdary may ghanegfioghirame fo e andigsrmepnicated ;s?eelfafwsipo statigns
mask i ndi ¢aieolWiBhk txgndi pti on 100 has the -frame 20 which begins in
the unit | and lasts for two bl ocks. The sanme mask indicates to the

base radio station 100 that the bl ocks 3 and 4 nust remai n free. The

second b a?—"g)f F&(ﬂ' s fat ‘1(8&10?‘018)90?&;396 r%ﬁg? 3fb1d %d&e%ng ttl?c;[ bi &s3a9§ﬁn"%d to it

have t he oW ng A CAACHE 58 base
radi o st athdts b’ll@ﬂgs v21€i6h amnet i3 0 venfist “aihar each femegl(e 30iane 40eCengddaigi an

order to operate. with th sks h indi cates_the re the first
bl ock of SReeT Vi copjams i By, gt Beﬁmi%to ERFADS EhoW B BIFER 1 an S0 2
t hi s bl ackvhichBhe base radio station 100, 200 or 300 may use and a “0” with the blocks 1, 2, 3 or 4
in which the base radio station 100, 200 or 300 may not transmit. This vector is called

- “mask™ associated with the frame 20, 30 or 40 and indicates to the base radio station 100,

200 or 300 where the frame 20, 30 or 40 begins and where the transmissions are permitted.

In the example according to Figure 2, the first base radio station will see a mask of the type
[1100]; this mask indicates that the station 100 has the frame 20 which begins in the unit 1
and lasts for two blocks. The same mask indicates to the base radio station 100 that the
blocks 3 -and 4 must remain free. The second base radio station 200 and third base radio
station 300 will have the following masks: [0010] and [0001]. As can be seen, the base
radio stations 100, 200 and 300 must share a single time reference in order to operate with
the masks, which indicates them where the first block of the frame 20, 30 or 40 begins, and
to know the duration of this black.

The term “legacy” refers to standard terminals of the IEEE 802.16-2005-WiMAX which

do not possess the base radio station part and which therefore operate exclusively as a



nobil e term nal station. Consequently, the "l egacy"” termnals are

al ways connected to a base radio station which organizes the

transm ssi wosopeisforned by it so as not to disturb regurcrsagensttiN
of the network. Figure 3 shows four nodes 5,6, 7 and 8 (three of

whi ch operate as "nultiple relays" and %ne of which operates as a
nobile termnal station) and a "l egacy” nobile termnal station 9.
The base radio station of the node 5 has associated the nobile

term nal gnehiledamning! atat@nnﬁdwa?cnandths "Iégnﬁa"‘danéclalbyreaalwmmscmoecafrddto a
70, while b o]y of t.he no S..assqocCi

with' the '“6‘51%‘e“mr%aé ifonl Ygl[éltnil Fiig %Z%S[ {%‘e s ?“S W PE‘B Y Hys"aarsrné’?v%"sglsmrb
The base rragljlaro@batwmnfuhénétherkmde 7 |s associated wth the nobile
termnal station of the node 6 and with the "l egacy"” termnal 9,

i ndi cated by arrows 80 and 90. The base radio station of the node 8
does not haMge a%ﬁbﬂﬁ%hr%a&k§ NGl REHIREOS LWRRR BPEraRRA Mafufipld telik € add
shows an exanple of frames for the network to ology shown in Figure
3, represéng gﬁthh opgiates g5 6 mnabfle tamminaligiglégn) 9ad anlegicy! afabile frpminap station
Figure 2. T t f

the 1iret % ane rapa®ptiied o OBl i3RehanbRTeRt rhflmfUIpastl me
nodes 6 amddé& hande, atdidakedityy atiosp 66 ahd T evhileithesmBbiktermainal Flado abihe node

radlostatlonof e .node .8 does not haye assigned bl cksan ,
{her ef or & %1 n Astciten SHEE biseanlo HOMR Ao e HEE Lo ENate B ETved) dipe base
channel . Thdto btaaoest @k nbde7 Rasecladsd Wit tha tnhdbils t@{mﬁam @taﬂ&d@f&hém& @ik
7 are simlar to those described with reference to Figure

mobi | e t er¥ifiihe "legaqy bamingl P indigatgd by aseweAP And A TFhEdwee f@ﬁhOt &t@@ntgf the
the base h3ai 9asdsabol e sdithetdidchs iiSNerphof BRRAGELE] as above

descri bedrl Also in thISe ca%je thes rP@P{e 0state i gltacat es the bl ocks
whi ch cannot be used for comruni cation by one or both the base radio
and nobi | atjion.in

necessary T RSP Ebth dr Rt o s pafioll ol B ingFigh® 3.
bl ocks as rqamsstentﬁfg dnheidsiof ot thiit desdrived Weth réRRmEE Wiy 2. f or both the
interfaces, the uplink subframe Uwll extend fromthe end of the
downl i nk subframe D to the beginning of the downlink subframe D of

the next RWPbhdeadolstalibs BEMeinYEe 8%ad & HEBEHRAI BE RRtwd BRROHENE AN ile
transmt/receive in this time period. WO

2008/ 1557 Seraye 199pn e1ati@sof fige nodes 6 and 7 have at their disposal the units 3 and 4. The
base radio station of the node 8 does not have assigned blocks and is therefore in an OFF

state, namely cannot access the transmission channel.

The frames of the base radio stations of the nedes 5, 6 and 7 are similar to those described
with reference to Figure 2; the mobile terminal stations will be aligned with the frame

emitted by the base radio station with which they are associated as above described.

Also in this case, the "idle" state indicates the blocks which cannot be used for
communication by one or both the base radio and mobile terminal station interfaces of the
node. However, it is necessary to emphasize that both the interfaces regard the "idle"
blocks as part of their uplink subframe. Consequently, for both the interfaces, the uplink
subframe U will extend from the end of the downlink subframe D to the beginning of the
downlink subframe D of the next PMP frame irrespective as to whether or not the node can

transmit/receive in this time period.



The base radio station of the node 7 has the "l egacy” termnal 9
associated with it. Access to the network by this termnal is
concept ual o Josaizsparent . it receives the downlink nesspgem:bdspenis
fromthe node 7 and the base radio statjon of said node 7 wll
authorise it to transmt its data in upfink node Uonly within the
units assigned to it and therefore wi thout causing interference with
the other nodes 5, 6 and 8. This can be obtained as a particul ar
exanpl e of PMP standard operation and therefore does not result in

any speci L an: o, e VL termnal 9. read I..0
Sbaver ot hol iR MOl dior e IRRYT ne T Bty Perfifer LEARHATRAD i A Eess
downl i nk Do- thepletwdek Ubyb dtisndamynaiely doscepmbile drandpatdnt:f it astevis the dewindink
anot her and fromone fra to ot.her. of the sanme hode. .The .positi.on
of this bdlffti4%s Rty %@&afwdéﬁwsea@éo Akt 3543i0ds _gd’f‘ﬁ agthatiseoh
whi ch managagntiie iR uplARtnbdteUasmhP Gidinclle WAL h&idned 1 Mind therefore
stations are obliged to observe this position, as envisaged by the

st andar d. Withayt gausingonisefereaeqivith rthe ethernqdse &t p ond & Thisecatherabiained; 45 a
t he network and t.o NgES | : ek r.

nodes to cﬂc(i‘- operr at %@ﬁag?@&t 0 es‘%ﬂgﬁaltﬂ?g%h?mﬂ%éﬁég re\?f% gﬁﬁﬁ?@@:%éﬂf Egeﬁég
pur pose, idesigs opths Slelghay" taymirs9bot h t he base radio station and the
nobile radio station and, ,if necessary, also the information which
the nobile termnal stations associated with the base radio stations

(when oper&d ilwady aefitilel @bbee, €@ PMEPfranf 130 dixed lerdth, FREIR the Sospldntoflthe
h base radio stations have been assigned a bl ock for

detect t iC
t ﬁ_eef r ang rﬁlgg"@f‘@ﬁ Daniplgdnlbaprdsnemenbe vared; beth fregonearads te paathaandifion
whi ch i1 ighe 39RRGH BhdRbr of theBink nBAE THEbSNtion WIS b%ﬁgra)’t it dBBsnihfFinRaSe

radio station active, cannot perform neasurenent operations because

i ts nobi | easepyithgabassardiodsetipnnwhich avanagescibs sshamel, ndpthy sisecsiatddamebile
This "nmul tipl.erel-ay" e however . .ask the. assqci.at ed ile
Corminal SPRiifeL BB sl o B RERbRr o BRI S REe Dase
radi o stations which are operating on other channels (i.d. on other
bl ocks) and which arg visible in the Thi s asurenent operation
will obvi gﬁsqrglerstf’a?ef%éi‘? et fPeaton, Al e PhENBTTD dk thes 8ptyREy apgfo manage

comuni catch@ikel th %Pﬁo%}aﬁ‘i‘s AiaddsBrySthathk Bd& o thSpertdlih bRlef 1d &taBMsh RALE)
WO 2008/ 155737PCT/ 1 B2008/ 052418 10 nobil e term nal s whi ch communi cate

thei r preséibity Fon this puspfisetit Htnossiblerto psechatle iedasaradiprstativarmad the mobile
Ther ef or € radid) SARBE T, if Ees0R0CH s HeGlit AR A0 whRH Gn@ oBA ktfoiBR Ssions
radi o station cannot 'be detected w thout 1 ntroduci ng sophisticate
mul tipl e reesgcwtedatithghe basacadiostations (When dyesdive)ade ablstoatollects. | n any
case, the base radio stations which are switched off cannot detect
each other. This limtation poses problens both in the network

ext ensi on phedead UMBSSmadé! ik AbIERL idkietito MINGORRE dio $thtidk thate b&nakdigwd a
however, gxp gration of the surroundi ngs. and/or the recqvery of nodes
whi ch mov 10&&&&% £ Srnsnpesiofettosammyngatethinio the,bass gadie setion Witk which it is

above- ment;Qpadl “rﬁ§1ﬁgl\éet‘ila§'@ MmoB&r&idn"8 1Y tihdTBASULIERhbrOhctivBEcannot
non- operative base radi 0 stafions.
perform measurement operations because its mobile terminal part does not have access to
the physical layer. This “multiple relay” node may, however, ask the associated mobile
terminal stations to perform measurements in order to detect the base radio stations which
are operating on other channels (i.d. on other blocks) and which are visible in them. This
measurement operation will obviously start at the end of the time block assigned for

communication to the base radio station of the "multiple relay" node.

A "multiple relay" node operating in base radio station mode manages to detect only the



The rul es governing assignment of the "master” role to the nodes
participating in parity comuni cati on depend on many factors

i ncl udi ng, wiodhegsassp! e, the content of the communi cati ope@iiodsdSais
relative position of the nodes in the territory. This latter aspect

i nfluences the capacity of a node to cd nicate effectively with the
ot her nodes, but also its potential ability to contribute towards the
successful outcone of communication perforned by the other nodes,

r epeat i ng ménile tafmainata mhash cosueunjeate their peserpsdo ithearegisinatingder, pre-Hegigiration
doing it i sihl . i ff Y [ nong. .he : .

parti ci patc?l%%ﬁsogggr%g’tﬁr'rg%%@a%f %ieﬁlt%g'%ﬁ V@gﬁt% ° rné%/]é%eoarr\l Sbv? Raese'rarlrdé(s)tsgypn
rol e. The cdmmit deakteatd twdthasisingodeiig sophisti@tedrmuitple rédigekion fnctomoinahe

is responsibility of a controller node which effects the assi.g nt
based on FeEd SALPISILERY Crh DRt St ans Whlchet SWHTELrathGRg!
to it and gepovexedihét.a the known nechani sm of "network fl oodi ng" of

the switching control protocols. So that the network may be truly
parity in nature, the participants nmust also co-operate in the

carrying : : t ai I ont j s
o Y70, e SR AU ARG o SORL S bBE LBt OLATA & popi
nodes abl endnagdénenin paptdeofto tallewnabwevds, exploretiay ef thdsumandmentandfor the

for operative reason tend to nove away, fromthe central core of the
netvork, - FRRAPPY S BHES SURT phoverRar B drspabor i Sbfiopaditeett bbdk
manner i n abbe-memided Hateskivell Sorvahliabbet hRasiedddng! 6f tHet fonVejerANE base
sub-networks as well as to aggregate and nerge 11 with it new

sub- net work4O §A1¥- are situated in the vicinity of the central core
of the parity network. Both separation and aggregation are perforned
whil e respecting the principle of continuity of the communications.
Cearly, (e rples sovghiesahsigiment 0 dret Trosstarbreé i thg rodes paitieipatirigein parity
embodi ent.s, andi e, debalil 8y Aady FEHIGL iR GAN BE SBLERI fonSLSY 8Pl
from what "has been destCribed ‘and iTTustratedpurel’y by’ way of a
non- | i m t icopmeneapdre andittehrelativé bevitdy ofitheatodenin fheaemritdrg. Skiopatedfasjicor
I nvention il?ffue(rjlcegslt éa 9aplacgtyto % n% g (t)0 o%g%!mqgaté: fl:f?elzcggély w]ft% the other nodes, but also
its potential ability to contribute towards the successful outcome of communication
performed by the other nodes, repeating the information received to the destination node.
In so doing it is possible to obtain effective parity among the participating nodes by means

of intelligent rotation of the "master"” role.

The decision as to assignment of one or more blocks to a node is responsibility of a
controller node which effects the assignment based on a decisional algorithm supplied by
measurements distributed to it and conveyed via the known mechanism of "network

flooding” of the switching control protocols.

So that the network may be truly parity in nature, the participants must also co-opérate in
the carrying out of certain network control functions, for exami)le exploring the
surroundings in order to detect the presence of other nodes able to form part of the network
or recover the nodes which, for operative reasons, tend to move away from the central core
of the network. Finally, the parity network operates in a "democratic” manner in the sense

that it is available to separate into various sub-networks as well as to aggregate and merge



CLAIMS 1. Method for managi ng conmuni cation frames (10, 20, 30, 40)
for a tel ecommuni cation nesh network, conprising at |east one

transm ssi wo mbhgssslz,, the nethod conprising the steps obcT/IHRIGWEHIN]
at | east one plurality of connunicatio; nodes (5, 6, 7, 8) each
havi ng a base radio station (BS, 100, dO, 300); subdividing at

| east one predeterm ned conmuni cation frame (10, 20, 30, 40) into
time periods (1, 2, 3, 4) of predeterm ned duration; assigning to
sai d base Viliiteewtsubinstyorkspshich a@, sitpged indbe yicinity pé hei agatralicote ofdhe patisy

are abl o (DLE% BURFPUATR AREIBAAR 3L RER AR lteorgdfe o of

300) acceswntiguityhd the emsmirgsations.channel only for the duration of the
time period (1, 2, 3,4) associated with it, the nmethod being
characterized in that each node further- conprises a nobile termna

station (NpardNdhé prinbiple 6N ehenBYERbn bRz MNRfeS 8 EMBodieits Ghd the
nalntalnln& each base radio station (BS, 100, 200, 300) active at a

MAC | evel /. of; Predussion| eant be yared censiderably (vm) whet hak beenndesssbed jasd
busy co i j . R i i i
L1 oo conufBlcd e by sEbr o bO-LERIRARslS RSARERI AR LD
stati ons (sBShe dfQil; in2@Bion 39 ¥fined Spthe Rcoepanying cdainest i nal st ati ons (MB)
of different nodes (5,6, 7, 8. 3. Method for managing franes
according to Caim1l or 2, in which each base radio station (BS, 100,
200, 300) accesses the transm ssion channel only when the nobile
termnal station (M5S) of the sanme node (5, 6, 7, 8) is not busy
comuni cating. 4. Method for managi ng frames according to any one of
Claims 2 or 3, in which each base radio station (BS, 100, 200, 300)
is designed to interrogate the respective nobile termnal stations
(M5) associated with it in order to perform neasurenents on the
transm ssi on channel .



5. Method for managing franmes according to any one of the preceding
clainms, in which 13 at |east one of said time periods (I, 2, 3, 4)
I's used to perform managenent operations. 6. Method for managi ng
frames according to any one of the precezdi ng clains, in which at

| east one of said plurality of nodes ( ], 6, 7, 8) is arranged to
function exclusively as a nobile termnal station (M5). 7. Method
for managi ng frames according to any one of preceding clains, in

whi ch at |east one of said tinme peri 6dAIMS 2, 3, 4) contains a
boundary able to subdivide said tine period (1, 2, 3, 4) into a first
- part arranged to performa downlink transnm ssion (1D) and a second
part arranged Mehper far mangop| icokmiunieathom sidres (L), 208. sdanageranta
system arr .npl engnt .t he nethad as,clajnmed.in any ong of

G aime 1t aSgh el RIS Lo 0%, TRIARRAE St bt B0 o opsta dhpel e
accor dancengthodhedoipeisimgtttodepasficl ai med in any one of Clains Ito 7.
10. Net wor ade ¢ risin .base radi,o station,_( 00, .200, 300)
and & oo 2o PR e TR G ey RRSoryBiniEin B0 dpct ot & sebarinkg oo
t he met hodadis stetian (B) 100, 280\3000me of Clainms 1 Ito 7.

- subdividing at least one predetermined communication frame (10, 20, 30, 40) into time

petiods (1, 2, 3, 4) of predetermined duration;

- assigning fo said base radio stations (BS, 100, 200, 300) respective time periods (1, 2, 3,
4) in which. the base radio stations (BSQ 100, 200, 300) are able to be operative;

- each base radio station (BS, 100, 200, 300) accessing the fransmission charnel only for
the duration of the time period (1, 2, 3, 4) associated with it,

the method being characterized in that each node further ¢omprises a mobile terminal
station (MS) and ia that the method further comprises the step of maintaining each base
radio station (BS, 100, 200, 300) active at a MAC level when the mobile terminal station
(MBS) of the same node is busy comrmumicating,

2. Method for managing frames according to Claim 1, also comprising the operation of
- associating with said base radio stations (BS, 100, 200, 300) respective mobile terminzl

stations (M3) of different nodes (5, 6, 7, 8).

3.  Method for managing frames according to Claim 1 or 2, in which each base radio
station (BS, 100, 200, 300) accesses the transmission channel only when the inobile
terminal station (MS) of the same node (5, 6, 7, 8) is not busy communicating,

4.  Method for managing frames according o any one of Claims 2 or 3, in which each
base radio station (BS, 100, 200, 300) is designed to interrogate the respective mobile
terminal stations (MS) associated with it in order to perform measwrements on the

transmission channet.

5. Method for managing frames accoraing to any one of the preceding claims, in which
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at least one of said time periods (1, 2, 3, 4) is used to perform management operations.

6. Method for managing frames according to any one of the preceding claims, in which
at least one of said plurality of nodes (5, 6, 7, 8) is arranged to function exclusively as a ,

mobile terminal station (MS).

7. Method for managing frames according to any one of preceding claims, in which at
least one of said time periods (1, 2, 3, 4) contains & boundary able to subdivide said time
period (1, 2, 3, 4) into a first part arranged to perform a downlink transmission (D) and a
second part arranged to perform an uplink transmission (U).

8.  Management system amranged to implement the method as claimed in any one of

Claitms 110 7.

9.  Communications network miranged to operate in accordance with the method as

claimed in any one of Claims 1 to 7.

10.  Network node comprising a base radio station (BS, 100, 200, 300) and a mobile
tertminal station (MS) designed to operate according to the method as claimed in any one of

Claims 1o 7.



