Metthod and System for the establishnment and sustaining of a broad- band
link The invention relates to a nethod and a systemaltow ng link setup 5
and link sustaining in a broadband conmuni cati ons system hi gh
frequencies or HF. It applies within the framework of the lmmmmmmmm i nk
setup (the initials standing for Automatic Link Establishnen a poses
a new generation approach, termed 4G neking it possible to inttP¥dlize a
so-called "HL XL" traffic link relying on the use of n*3 kHz not
necessarily 10 tiguous of useful, band, and,to Jni.tialize a so-called
conti guous- bM%Qoglﬁﬂdf?%%eph%r tﬁfﬁ?@?“@’?%msﬂ?tag“aﬁff aol?ro “br oadband
type, from6 to 24 kHz as in ML SThaad8$nkl0C, known to the Sector, for
various uses. It applies in point-to-point conmunication systens. 15A

wi rel ess communi cati on system generally conprises several ra- dio devices
or posts exchangi norgiaindeMorPfdYatty Rfa n%éihéd“ﬁn@@"ggh'@ﬁéﬂdvﬂﬁé ligesérp, HF

| i nkups of fer notably a beyond Iine of sight or BLOS capability which makes
it possi bl eand link sustaining ima ireadbandscommuingtionsr sysirnacaptaklyyior bigh

di stance, w requi ; [ [ of relay
20 station\é\’.ﬁgﬁg‘%\i '%seﬁgs‘f,' W?%‘éﬁ%gg{’ i r;]/tt@? ﬁaﬁ%&@g%ﬁ?éég{e %gr{é'héla‘#ﬁ@( as a
function of setupdthehieitiats standing ifomAutotaticiLintolsgthkblishmergdandhptopiongs axt renel y

variable. In_the VHE. or UHF band th opagati.on _channel. fl uctuates | ess
bat ot i e BerEnRAeD aenordlderbed Lh RaRRL 4FReRIER BLinkalif $04SS uesr e
for spatial capgselOKLt hﬁfﬁcrlﬁﬂuélwnéﬁ&m thd use aF HO3 GHY I nekcessdrify Ednict uati ons
in the ?uaILty of 25t he chanpnel endi ng on the frequencies us

t

d d.
e of dhe Ugtgus-e6usATL Rand. Ahicl Biiales 2 scallsdl fontoderyBands HREK ¢ wo

radi 0 post sjinieithBF RaPSMibarfd AR kA2 NGB brésdbAinayde fron§ 61t 04 4R&easth HF
posts, wherein at |east one calling post has a broadband operating

capabi | ity Mk &IEhi &8 0C aknpver tortlbeaatanfor yadoud Bsess t o deternine a

comuni cati on 30ban|gae@gegl iﬁgf"@f‘}t‘%}’gﬁ‘?géﬁhﬁm’i&fﬂﬁrsﬁﬁgﬁ{s-t han 3 kHz. This

val ue corresponds to e curre andar ds, whet her
i nvol ving the |inkup estab- 2
15 A wireless communication system generally comprises several ra-

dio devices or posts exchanging data of any type. In the communications
sector, HF linkups offer notably a beyond line of sight or BLOS capability
which makes it possible to achieve communications at long, or indeed very
long distance, without requiring recourse to a satellite or to the use of relay
20 stations. Nonetheless, the quality of the communications varies as a function
of atmospheric conditions, the ionospheric medium being extremely variable.
In the VHF or UHF band the propagation channel fluctuates less but mobile
d'eployments can lead to cases of jamming on account of a desire for spatial
reuse of the frequencies, thus also giving rise to fluctuations in the quality of
25  the channel, depending on the frequencies used.

One of the subjects of the invention relates to link setup between
two radio posts. Of more particular concern hereinafter is the case of HF
posts, wherein at least one calling post has a broadband operating capability
(transmission and/or reception) and wishes to determine a communication

30  band usable for a bandwidth of greater than 3 kHz. This value corresponds to

what is offered by the current standards, whether involving the linkup estab-
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» " |i Shment solution automatically, termed second-generation and known by the
abbreviation 2G ALE (2G autonmatic |ink establishenent) according to the ML
STD 188-141A standard, with or without proprietary variants, or ternmed

t hird-generation or 3G ALE according te the STANAG 4538 standard, with or
with- 5 out proprietary variants. This type of link setup is particularly
of interest in respect of posts capable of enploying an aggregate of

several HF channels such as, for exanple, proposed in annex D of the ML
STD 188-110¢C st andar whereip i escr,i bed the use of veral, contiguous
carriers of FEpRAD Shftion iRgheall . fF5eH sEnd BEntaloRant KB nifEhe “pat ent
appl i cati onabbmdviklion P& ABEGEGasbrhiricinkOeiSRisabmiche AdeBidingtattheMiof

standards which use a single-carrier_waveform accaording for exanple to

annex D of SO M- T4bstangard, aeth e wiieit groprietary variangeosiesmed dhird-he art
known to t hgeARBLbE BRBCPAOD AEESAIR tbQkS SITRRMNIE 9888 sfdard, vhtogdbnd | i nk
setup and | i'nk sustaining. 15A fifst technique consists in performng a 3
kHz convént peharoprietety variaptsaidis typardfi linkasethy isipagisukaglyt efeintgrestainound,
optionally w i ) t 1 ct to the
TRt al £ eluahor Bt cppaR R maching 8 dofrecdiE B SRGRAHEMIERRRES' o °,

r el aunchi ngsutteagrfoc egamplei praposedamdnnex Dsddhe ML STk d88H140€ sdamd-bi t s t he
ri sk of jamm of .al.ready. u fre-,.20 uencies. There igs, jindeed no
hssur ance. « A Wiske B 4 F8SRRA R UiF prérerdl BRiaTs SHPE ISR SEected by
- the ALE, an¢hd henérdliabd onsedfsuebnger geswibed Sinunkéoydatent applications AFRecond
technique relies on a 3 kHz conv tigna]l l'i nk tset ug and l.i steni n? to the
band ar dgu_ndﬂo_soésgg ang Fd%ﬂé%ﬁ% "iﬂéﬁc BP 'céﬂf Pr et #apdargswhith BS©8 Sisand f or
transm ttingd farherReRanan) &Jowﬁg for XahflId fo BANBYETof A% RS STANEFD-L hat
there are avail abl e bands around This frequency selected by the ALE, and

t he durati oA88¢ stnfiasd.gence i s once again unknown, this possibly leading to
a potentially |engt ¥l + hi i ists in
carrying out as nan@%&l%%&‘ fﬁ%karglér%ou%n E"o%‘re o%@d%rgggﬁgé%%%\@mg%ﬁg%er ed and
deci di ng as nguesrart HE braddbiahd link astupeandiimktsistadtieg.on t he possi bl e

communi cation |inkups. ,This .solution |l.eads, to. a cessari.l | ow

rechani Sin  whose. coRVE BRSBTS B oeHPuBIG e A FOTREPERL N f ce
frequenci essatup &k PABGrarBAWMENiIRy tHe UHe afounds @padndlewir acsuieff- A fourth

solution described in patent applijcation EP 2 418 892 en- s titled "H gh
frequency aSEbnte eentrahiregyensy Withrepret dmihe daitialoirequrncynevin K isdeband

probe and relqigdn fH“écP@ﬁing B baR® uSHY *NnirBRBhEkiMg RhOFHBENHré iiHheSet up
from6 to 24 kHz on the basis of a robust single-carrier frequency Fo to

eval uat e t hband éupsatk \ his teghmque ezhibitsghectiginefdpmaniag obalkready ysedHee-wi dest
possi bl g, fr } his: ngjk . I e i Id (o) LA Iespect
of 1000%9i gﬁgaiag%ngggrte s iAo [?es}gr%ecgaﬁ'{é?ttﬂgﬁag\%nqaiggsmo%}a léfréed by the
vari ous t ecamundethiskineyuenty celectes Ipy ther AE t and the duwration nfceolengeraes based
on 3 kHz Iinkwiietwo do not meke it possible to evaluate the quality of the
adj acent ch&hEng &man‘i cally, unless a very large link setup tine is

accepted. The sol utifosedoadadciique Adie@4nkdB keiardoneentisra ligs sekapeinidoed in
patent applicatjon EP 2 418 892 does not nmake it <-,§OSSi ble to eval uate a

plurality ofiSERREAAItee fesfareat FORRI0 depEMinRarhethersyflicignt ayailaglsq | y
Sidgltobr ng ‘é"ﬁgﬁéri] Zc?@éﬁ%nﬁiﬁﬁg%%ﬁoé{mﬁn@ i§ Burdlimhiedd isl RAMIRI G dssuPaideounded by
that there are available bands around this frequency selected by the ALE,
and the duration of convergence is once again unknown, this possibly lead-
ing to a potentially lengthy solution.
A third solution consists in carrying out as many 3 kHz link setup
30  procedures as bands considered and deciding as a function of the measure-

ments made on the possible communication linkups. This solution leads to a



"Deflinitions 20The term "l egacy" designates a historic systemor standard
relying on single-band transm ssions, for exanple. The calling
post ‘corresponds to the communication post or device which starts the
comuni cation request. The called post3is that which receives this request.
The word post and the word station are used inter- 25changeably to

desi gnate one and the sane object in the present description. The
subj ect of the present inventi on reI ates notably to a nmethod naking it
possi bl e to_est abl ' qu adband node, pref eral?)ley iB a nner
conpati bl e {FFFPSEWe %WJ“?? n'%t‘ﬁ Ot camvegq%]pecnﬁﬁy VAR P RIRblematico g e
30that a br gaginandired dregnendids areos¢upléd mdanwabe én tie cesBend the prdie |ink
setup. This schene also makes it possible to carry out an estimation of the

frequen- 4C8d¥W8. usable for single-carrier comunications such as those
proposed in the M '—A%‘IPthlﬁﬂut}élrpEés?érBEQ% QateﬂPhﬂﬂllc%ﬂoH‘ErFezr@B'éﬂZYeﬁ han the

current solutions Bermt The i nvention relates to a system for
est abl i shi nitlethtHig émuanma@tomatmﬂmkﬁzﬁ@mhmem qaneuriieatippvaystenowith

broadband cgramilG rbﬁ’é‘a '}Slafe"ﬂbﬁx o%"e{grrﬁ%@ht ?b”r%a‘i‘él 52858 A irfkl T St

mast er conmuni cat 1 on pos sui ansmtting a ssage or t he
est abl i shmesetupffram 6dmadrkitzon tre basis ohadelust sihgBi-fatrier equsmanficte, t he

f f / I
control 1 or , SSARBECIE dhupabtt ohAn e 2 I shefhel e ofaet: My W9eHiond

radio trans ﬁbﬁélﬁlé/ffeﬂlepa/rern iy cifarfied. oTtls Ctéminiqﬂd &ppliek h B rSresbesdh ofs
characterized in that the first master post is suitable for transmtting

a known ' esCORYHIOYA é‘n Stest, on a sub-band Bk to the second call ed post as

soon as the sai d seseqshecall! M BAMNARNOMLALISS {Heeviasls Mcrfdeshi ng to

probing node to determ ne 15the best <configuration to be adopted for the
est abl i shmeknown fronethe priior art, filee existing selvHansbasaden SrkHzlidysatapide f or

det er mi ni ng g ﬁJaké%;gfs\%fb‘i’egt 0&%1&?( %?bhﬁlﬂg%'f' eeédjrgé?ﬁt Hglst&gﬂ?mgk and for

transmtti ng sai alues o the said
first nmastecalosnless asuery hahsgeIuhIosetdpttmensramgpﬁeldeTbapalullbm bgseﬁ ohb lae

15 24 kHz carrier such as described in patent application EP 2 418 892 does not
make it possible to evaluate a plurality of channels distributed over more than
24 kHz, or to readily adapt the waveform in the case where the initial fre-
quency is surrounded by disturbed channels.
Definitions

20 The term "legacy" designates a historic system or standard relying
on single-band transmissions, for example.

| The calling post corresponds to the communication post or device

which starts the communication request. The called post is that which re-
ceives this request. The word post and the word station are used inter-

25  changeably to designate one and the same object in the present description.

The subject of the present invention relates notably to a method

making it possible to establish a link in broadband mode, preferably in a
manner compatible with a legacy link setup or "historical link", in the sense

30 that a broadband incompatible post will be able to respond to the link setup.

This scheme also makes it possible to carry out an estimation of the frequen-



" 20 3sub-band Bk to respond to the SLA target service, a sub-channel on the
basis of the scores of qualities received, and for selecting the sub-band
Bk representing the required capability, and thereafter for triggering the
communi cation with the said second cal ked post. According to one

enbodi nent, the conmunication is bidirectional 25 and the second post is
suitable for transmtting a second known sequence to the first naster post,
the said master post being suitable for evaluating the capability of a

sub-band Bk to re t he .needs of . t At.arget services At ar get 2
Tt ho ComEiRs UsaPBohs Bl et orEAisNans P ag o HNBOEEH indhehost and
vice versa. MiOBT® 988 100" StanbBe&S, &oirf? 56 breatabily B theosiTdra ediu-f or
exanpl e, nmeans suitable for det er m ni ng a set of frequencies ternmed call

frequenci estions petMilor t he establ i shment of a narrowband |ink between the
first master post %m@ntﬁ%gﬁe@m s3steth forRetdpNhifg af@RBLGEMIAGS 1N terns

of requested bitrate, permt maxi mum | at ency, operating point” of the
target esrofink ALE, withie theaframfemsui of ei kroadiantdycansenipatiomthe s@id 8yfiuni cat i on

request. fir Q54" mﬁgﬁ i

est abl i shi ng%é né’?p”c?\:@andl%%m?ﬁr(ﬁ @'[agtt ﬁﬁ%}% nEup e‘fsat\/@énb?ﬁeﬁ*t{a?get forﬁast er

post and t htrassmnmtg 8 ahéssdge dstt thef entablishiviept pgatdmmmmnipatidrbwltm aydesf the
call ed post w 4G node of . co ni cation and Lnuin

~conmuni cat i Bﬁe‘H# ﬁ%’&@t SERISR: i hFe tﬂ‘?sflr‘i:@n]f’é'ls|n§da {'ﬁf ‘Ile'liﬁ%n%ﬁk)vm t est

sequence St eftreddiverfad 8XREIdchitrofiNROSEsbnal callell roafmGmBRIonSped canheader

conveying the address of the called post, a first series of nmediumbitrate

synbol s 18ndPHSIBG Go$RFODE TR W"QW#%FGFF%{FE%Q@O%?@M controller, therg¥s-j nvent i on

applies in {8s @,Lar fteBzdY MaHR@Nd communi cation system for exanple in
respect of HF hi requency communi cations. 15 The invention also relates

to a net hod-ofhebﬁ@hajmmr Post is isultablet fiop teandmiitting as ksawin festgsdgwenesn a first
Fg;ts,?rt EgS]E g?egg%aﬁ%% gcﬁk tqntg s%l%fb %%g cfﬁ& Girds seo%nlgg %Qastaud Lepaprises at

on stand AT EoT ng a
predefi ned anm;acpnh@Me{iées the. faot of Kditchingetonmebing rpode td detesnines a

comruni catl nre nessa to t ed t f fi d
waits fdp %Le ﬁB %"d@%‘?fb d%cgﬁj?‘Hék‘%é?ioagﬁShnqgwgpfﬁ%%eﬁ'ﬂ?nggstI hgg a set

of possi bl e syl Handacdy c&ﬁlPoIIEPIE‘T&UHaB%t fo?'&eterHTﬁn%rﬁﬁélﬂfl sBo®k giifkt s the
channel s qual Ity calculation procedure @a/ transmt known t est

sequence toMkhtregugnsiasapl the p‘dkban@ Rk and dorctipnswitting the said values of
quality to the first master post,

e the said first master post is suitable for determining the capability of the
20  sub-band Bk to respond to the SLA target service, a sub-channel on the ba-
sis of the scores of qualities received, and for selecting the sub-band Bk rep-
resenting the required capability, and thereafter for triggering the communica-
tion with the said second called post.
According to one embodiment, the communication is bidirectional
25 and the second post is suitable for transmitting a second known sequence to
the first master post, the said master post being suitable for evaluating the
capability of a sub-band Bk to respond to the needs of the SLAtarget ser-
vices, SLAtarget2 in the communication direction from the master post to the
called post and vice versa.
30 The said first master communication post comprises, for example,

means suitable for determining a set of frequencies termed call frequencies



" 25post determines the quality scores on the M frequencies of the sub-band
Bk, and then transmts these values to the master post, the master post
deternmines on the basis of these quality scores, the capability of the
sub-band Bk to respond to the awaited SLA service, and sel ects the
said sub-band if the latter makes it possible to respond to 30the SLA
service requested by the communication, or 6 repeats the sub-band search
steps by selecting a new sub-band Bk, or else in the case mhere t here

no | onger remal n an bands maki n le tq attain qual,i

hi gher t hanfat Hét%ggtaﬁl%mw ‘?fcﬂJHG"B ?'PI%E}B?Z’\?F f"ég %O%ands

el ects the gybmiaadatord pobi 4d Q@uﬁdﬁ@nWébnﬁkﬁhtbwtéiﬁ@rcﬂ,reqddwemﬂm’ew post
determ nes the sub-band to be used for the communi cation, confirns to the

cal | ed postPQTm!tt%fbN&X!@Wnslalﬁ-nﬁﬁn@%gt'%wmhgf thectaca el estos it HedRift ed and
starts the W xanmpl e, a step of
determ ni ngﬁ%ﬂq%k%a&pécl)rg@u%%%&gﬂ@@ fi ret]g%%t: the call ed post has
val i dated the cal | Thetfast nnaaterpnsttm ¢mnmmmyam$ suitaide faiegtahdishied post

transmts its inf tion rega VinR! t ts post
charact eri s#iM&OY %ﬁ%t%@@ﬁpgamr& g%&étt&grﬁﬁte%gtghér dog'gs?aﬁgldtgb

sub- bands. déwnaeddied pdmlfermemfymgfthe cfmmambaty af tbleda:alledtpcmhalithctbmmni ca-
15 tion and_the ma;hod exe tes TTF h | east tthefoll w ng
steps: durifi§ TR OF SHEMUELS H"@Pdtfﬂ'écQ{ﬁQ "tgﬁ §&8FHE”'HB? CUky 'EC?W the second
cal I ed post c§patils WrhRReEald pddle second called post transmits a second
known sequence to the master post the said master post then eva} uates the

capabi | |1Qy of a subT't%Kﬂo‘BR test PRAURHRE Do ﬂ%efor]@éa@p&ﬁ ¢qrePases; g get
servi ces, FI ORI anrgéatdléﬁ CSRVWHH iR Aqdtesd bR QﬂlédrﬁdﬂttQQréfaSt er

post to the ca vice vers During t
i mpl enent at senesodf Médiumebitrats, snnmpwqaad atspcondperies Ofdowmfrﬁ&liélsymboe

eval uat ed by 3 oSty eaeiuhng Boies|) AEINENEP 0 SLLIR LIRS HRLr at e

that the post wll channel ~cons In the
case where ay'stémbfobmdmpww reépyen of Hifehigh+retugncyecpmmedichtionst he

communi cation are found, the nmethod, sel ects.th and ,exhj bj Lti.ng the best
qual ity !8core and ubifat¥entiqn.alse selates Wﬁﬁﬁtrﬁ?&fgag%%{g"é lig Sfeﬂ'e most
recent testgg andllink-sustaining between a flrs'lfhﬁaétﬁi E@ﬁ ghdina eecqid c4lled (dstp of
narrowband link initialization 30verify e conpatibility of the node of

conmuni cat i ehanestefged in hat rgemprises at Ieastt e followmg steps:
o the called post is on standby monitoring a predefined frequency plan

{f1,...fm},
20 o the master post transmits a communication request message to the called
post on a frequency fi and waits for its acknowledgement of call detection,
o the master post has a set of possible sub-bands for the communication,
o the master post starts the channels quality calculation procedure by
transmitting a known test sequence to the said called post, the said called
25  post determines the quality scores on the Mk frequencies of the sub-band Bk,
and then transmits these values to the master post,
» the master post determines on the basis of these quality scores, the capa-
bility of the sub-band Bk to respond to the awaited SLA service, and
o selects the said sub-band if the latter makes it possible to respond to

30 the SLA service requested by the communication, or



7 post and the called post and continues the comunication with the
conpati bl e node found or term nates the conmmunication request.

According to a variant enbodi nent, the nethod conprises a step of link
initialization using a broadband call ed post suitable for nonitoring
sevbSeral frequencies at the sane tine. The met hod uses, for
exanpl e, as test sequence a nessage in the formof a frane conposed of a
first header containing the address of the called post, followed by a first

eries of mediumbitrate nbol s and a second serie f [ t
Synbol s. 1 oThE EPABSI e GUBIPERAsear gl SERE A e RBSL P BRI e f ol -
lowing list: HSK (Phase Shift Keying), QAM (Quadrature Anplitude

Modul ati on). _ The communi cati on between the nmaster post and the
cal | ed post beiinghesasemwherethere Redongas remaby ARyt $WhbandmFKiNgduPess

transmtted gfe' B! f56a ag%%%!iéchgfrlﬁ?arpﬂe%ﬁuaﬁg% Pthe SreVgdy! N the

case of an H roadband C t1on band. er c aracterlstlgs and
advant ages of testesl sidbvbareisaetectsdthegubdradd ephebiting/thatbieshquality staeonme nor e

apparent on reading the descripti which fqllows of an exenpl ar

erbodt ment 51 DemagehaysLISEIBRPY i Aubkant th &4 Fref 206 SE Blihrner wi th
the figurestiyhi ﬁhfihﬂ@ﬂ@&ﬁ@tc'alled:ﬁgw telseléctdil aubaranal aswetFasc thensuib-cat i on
system Figure 2, a chart of the steps inplenented in the nmethod according

to 25the i nfR#inednadontegand startshecommYHedtionn of the first phase with
sel ection of the frAQIARGKES comdiSed e tkaiiifle Oh <186 o apieifhmg! thequency

bands, Figure 4, t ustration of the definition of useful “sub-bands on
t he passbangesidleFugchands, in avhidk ansedhefcalled pestoas vidlisagast tei eall d8- t he ALE

procedure, Ee%p(r)g‘if %}r”ir?e ﬁ'%g@%%% Khdis3R BB’ pdsh &ranbmRs its TRIAAERSE LT Or

choosing th C Su
garding frequency plan qualities and its post characteristics, and the said

master post determines the possible sub-bands.

The method impIeMents, for example, a bidirectional communica-

15 tion and the method executes, for example, at least the following steps: dur-
ing the transmission of the quality scores obtained by the second called post
for a sub-band Bk, the second called post transmits a second known se-
quence to the master post, the said master post then evaluates the capability
of a sub-band Bk to respond to the needs of the SLAtarget services; SLAtar-

20 get2 in the communication direction from the master post to the called post

| and vice versa.

During the implementation of the method, the quality score of a
channel can be evaluated by a post receiving a test sequence by estimating
the bitrate that the post will be able to receive on the channel considered.

25 In the case where no sub-bands satisfying the quality required for
the communication are found, the method selects the band exhibiting the
best quality score and updates the scores of the various channels by the
most recent tested value.

The method can comprise a step of narrowband link initialization

30  verifying the compatibility of the mode of communication between the master



U Fi gure 7, an exenplary format of a test frane, Figure 8, a block
diagramin the case of a bilateral comunication, and 5 Figure 9, a

possi'ble illustration for ALE/ ALM net hod nesti ng. The present
invention will now be described by referring to Figures 1 to 7, for an HF
br oadband communi cation system in an illustrative and wholly non-limting

manner. 10Figure 1 shows di agranmatically an exenplary HF broadband
comuni cation system suitable for inplenmenting the ALE |ink establishnent

procedure accor di to the ipvention The system.l conmprises a first HF
Padi o commuRpeanofhesiubdgesf ¥ offietdfe R5MaMtaf R B eSbafian cat i on
post or seceROmoey famhd driernfingtekithé tommiuniditioatrequestevi ce 10 conprises a 15
first transmtter/receiver 12 coupled to a first antenna 13 and a first

control ler 14. The e\ﬁoﬂing taRsYArang embodisnenty thesmg_ RASR aa§tep _

m Croproces %Pﬁnl@iﬂﬁiaﬂkétibn%sfmﬁ'E‘roa-ﬂb%na%ﬂé‘@tpbﬁ SiAEbR BPMBHRbARG 5oL devi ce
11 conprises a second antenna 15, a second transmtter/receiver 16 coupled
to the sécoRthl feouencienatths saawolimiecontrol l er 17 coupled to the second
transmitter/receiv Hgsese i i oSk b Sl
equi pped with a m gf%epﬁ‘%é'&sore%é@?{égﬁf’{é’@%?%ﬁe/&??ﬁ‘gé %‘ﬁ@eégtag%?@fe t he

met hod accofatmgf aoframe domyeasedosf. a Aicstchetideq cootaamiog Hee addréssnof thebodi nent ,
the transmtter{receiver or .16 can i ractic e |inked to different

{r ansn set ofPPPEc IIBREA it St E7Rs, o REA IR rOBIE SHe Shki < are 1
radi o post sondséhes bf bgibiraw s@awiel communi cation devices 10, 11 can
operate in a range of freguencies varying froml1.5 to 30 Mz g}ses- all ed

M 11 taryOHE band). T SVABORASeEarreal S BERIScENdst R GFORa e foly gn
Frequency/ Uldwiag hik@iP K WS%iftW%), eaMI3QLiaArt@el ARpltads Modulkr oadband
capability. Before explaining the impl'enentati on of the nethod according to
30t he i nventiPBh, a few assunptions and principles are laid dowmn. 9

The frequencies sel ; , %gz% r i in both
di rections of commﬁ?%gét&in@rﬁ?m?ﬁﬁ%ﬁ}gébmgﬁ t eté;?és?e?tng?htg%%gée@%)?%ﬂnsm tted
ar e di ssynmbeingogstatdished ttbep e aviormationftramgoetted sdtradnsonittéd multipdiexedct ed as
usabl e by ot her|I tROStﬁfw and therefore prevent the communication from

5det eri df at PHga. € patways. | i t he gi ven exanpl e of inplenmentation of the

met hod accordi ng t oThd et Rt ks, inithe icas@ 3% aredF bigddbiahd icdmirhgniead | i ng
post or stat.ion 18 on the initiative of the opening of the comunication
whi ch managd8NPABdest abl i shnent of the conmunication and its sustaining and
which is the naster post. It is io therefore this post which collects the

i nformation necessary for choosing the frequency or frequencies, wthout it
needi ng to provi de Pthersharadierstisatangnadwantagessof ther deMiegnareordingstoant enna

capabil i,ti e k 9,)!\@;- L vat, t ] et es:and its
noi se | ezbel ??e 5Irhlgnl nfo |Ih€%§§rﬂ8§ﬁ8{e}1gb%§rﬁpfe’énprgggﬂ%rlﬂ[eodges'éﬁa| en%}@o account
by vir- 15 fallewsfoftaneexengrianyiesshagiment giken tymayrad gdradly mgndioating yusnd
position, but .also possible needs of.the post.so that it can profit from
the Iinkup rS“?’P’Z*ﬂg‘rpﬁgFf ‘Hﬁlf' ﬁ"%ﬁﬁ%ﬁs (‘%]L'ﬁthcfegges&qt'st andby awaiting transm ssion
of its share, ot hERUEANSA BRaghdIA df aRKHR Bordmundatibe sgsteérfle ter med

"ti-directional”, as opposed to the case where the receiver post does not
have any dat a®t bigyee &r aryart efdhe sigrf implemanted in the method according to
25 the invention,

e Figure 3, an illustration of the first phase with selection of the frequen-
cies to be tested and of the candidate frequency bands,

o Figure 4, the illustration of the definition of useful sub-bands on the
passband,

30 o Figure 5, an example of steps of incorporation of the ALE procedure,



»" 20the si gnal ling and control data (i.e. acknow edgenents) that is referred

to as "uni-directional" node. In a strategy for rationalizing
the use of the spectral resource, the nmethod will be able to split the
channel s of the frequency plan into twe types: frequencies ternmed "cal
frequencies", intended notably to be used solely for 25 the start of link

setup and frequencies ternmed "conmuni cation frequencies”, used notably in
the step of data exchange, these frequencies being able to be eval uated

during the inplenentati f the nethod. .This separatjon qoffers the
acvantage of 'TiHBENG: Aok irtFatror e sttpt fuBRBREEd R PlassbRohe”or
accel erati ng t hgaffit 6Gb-bahgp of |ink setup, the crowding on these

frequencies hav-_30ing to be limted by their use solely for Iink setup.
10 | n prigdta ¢.can exemelapoiosnpl ef & testfi@®ee, when pl anning the

cormu a1 iy SEBUAR o BBk agk W bl LARUERBIoL

frequenci es t hat Yare o cen respe nversel y,

the factsof favbiguien®, 4 pessisiadiewatitn tr AUEADNtmethpdinesting. hi gh bitrate,
t he frequenci es having few 5nei ghbours at |ess than 200 kHz, will make it
possible to avoid reducing the high-bitrate capabilities. In

Figure 2 are represpiy gskht inUeRTRINWIll ndhase 8ésdribed byapferiinpdo Figordae
i npl enented by the nmethod according to the invention. Step 1 ioStep 1, El,

i s optional 1dRd’.clof radspbnbroagband somaunication: sisteray in Ag ilsdrative and a st ep

of sel ecti ngnbRenER-imitir, e,qgﬁ,q%.i es as a function notably of the time, of the
site, of the pre-existi r?g probi ng i nformati on, of the |ocal neasurenents,

}f any, land of the FRigw}M édgiaa%vms djaafamnmfmeﬂwwnpemmpbfy &dfs preadhsind en
1505 R PRI sy R S iE R el O PR i3 oPRpihRACST " 2

f requenci es pradedufeoatoopding tofthea imventiard. Thecsysterai fesormprisexda diedtIHF raquenci es,
whi ch as st tedrﬁrevi opslﬁ, vviI# Pg able to ge Iim'tj_g i n_nunber. so as to
accel erate PReCIRMHNIZATPR RSt fiTEt deyick, 0. andifircondddl SAMMYNICANOD phase 1
or step 1 oposthér SEHA-delice, AU eThahfireh cinhlunicdigntdevitef 10icBmpAsesth 43 of
call frequencies fA as well as sub-bands Bi, which are possible

candi datlés, firh trapgmitierisecaivafule equpleshtosz Sst @ntenngol & ard adisstcontraligni ce,
from anong 0 : i et hod
w1 dot or i mer T SEA oS G o R R e g

f requenci esarmtderny. The sessidHE nadid eemotnicator devioe i 19heranprises a egéc-t he | i nk

with the cal t ' j ' - band Bk
e e oo E PR A MR PG Re A8 b XoBReR IR LEe A )
t he abbrevi &rnnanarst asdcongd tomtrdfier vi7 cpupledetb thg ise esrehtransrhitteiregieives.
constraints %n ter r? of rg u/est ed bi hreﬂ{)e .of%{ferﬁri tted nmaxi num lift ency, of
oper ati i pdPREEFANY BAREMERIEEEr I3 BeqlorduiPpeg VN agpiFrPracEssopsit 10
di spat ches @ableefirekchitiiy fel slebk J1ithe rethblkdbeoRfng to the invention. Ac-
cording to another variant embodiment, the transmitter/receiver 12 or 16 can
in practice be linked to different transmission and reception antennas. In the
example given, the posts are HF radio posts.
25 The first and second communication devices 10, 11 can operate in
a range of frequencies varying from 1.5 to 30 MHz (so-called military HF
band). This device can also be used in VHF/UHF (Very High Frequency/Ultra
High Frequency) higher bands for radios having a broadband capability.
Before explaining the implementation of the method according to

30 the invention, a few assumptions and principles are laid down.



. tweén it and a called post 11. The function 45 for collecting the
information 11 and evaluating the link setup choices interfaces with the
onboard prediction software 40 which takes into account information
relating to the geographical positionsgstored in a database 41, to the
Known qualities stored in a database 42, so as to define 43, a cal
frequency plan as well as the set 44 of possible 5comuni cati on sub-bands,
included in an interval Fm n, Fnax on the basis of the possible frequencies

46. Accordi ng to one tation he rreth assurres
the availability of Ng ZeQYaDCiesss ‘gﬁ‘gﬁ{%rg(} %@ﬂ)‘re‘l’%‘ad% rés 'P?FS 3 kHz,
form ng parih Kth AireBNEisAbf corimapiRBEN, ﬁhcﬂﬂdlﬁ dvhelihtmettimatealtd) beqsatnsmen

preparing for its 10 wuse. This freq uencz an can co tain ang {Y‘,Fe of
fr equenci esmitfegh arexdisgyrametrie gt Asite SreWent Hefreauricies, ‘Hﬂlbg?"lﬂ &Rty passing

at certain Egrlfs%b%f b* Bﬁw‘# sts0bnH RertfE pré¥eht the communicdtieh AP €,

wi thin the I anmewor n| catrons in a tactical operations theatre or
el se in % hedeterioratingal sector coherence over a zone 15 defined by a

radi us of several WH@@AQ%#' kg r@fﬁwﬁerﬁé}ﬁawéwgn(étﬂ a&c&a@g'ts

Frequency / Maxi mal guency) "val ues may make 1t possibFe to
restrict ththenovertion| ivgs assmlme‘dmat ihés thesalling Ipast ar statiors1@oh dle Boitih-t hus
aIIowthec Illggposts aunchthelbonlnk setu on, fewer fre u?nmes by

el i ni nati ng"¥ W%}ﬂ”%% heotOrpRWE|cA Mmaﬁ e e SRR

pl anned opeppiheOtorhmankaaon iang |tsn§\£§ta|niﬁigtarﬂﬂwhmhalthm:mielCﬁﬂitr ﬁ ist he
know edge of the depl oynent zone as we] t he assenb(t’é_qzrXp nbl ned
I

with théo daih@ref%?yt%R‘éStlWh'ﬁ'ﬂ)§§||ffﬂt"et'1%'"£‘€ﬂ?@f’n&?P%?ﬁﬁw °5W9 ’Eh post an
effective frg &B’éﬂ%orsﬂr@ch s MithButit IneeBRg! B€orB0Re URCOWAR YR RIRAIIGH! | Y Dy
25When t

all the posts e ALE procedure is asynchronous 2G type procedure
for exanpl esugthas,der ¢xamg>lpo§stawwa canabilifiesaitd Rowey, farbsewvatigheithe of or der

of calling Bgn& BS%JE wlglégr‘l’?"dqﬁf" ﬁsealﬁt’%lgcu on of its own radio environnent,

and of its prior ups with the call ed post.

In the course of tHhile rhi‘o*rstatneh@pthad:ajledmdsbwmdmtaikes irdatacaowrtdyy \orf-
f||30ter|ng as ction of t mtatiqns of nicati g so as to
define &°selus o?faglt?s@?'?ﬁ'@'s?'ﬁalq;qgﬁtiia(t)%ﬁ%%a ngﬂfa(!'h f"ﬂ‘g %‘R%ﬁt‘fr 3'?8 system
is apt to pBssile heedb ©F theSpdst Bankist iBtarap@fit from tex dnkireto tlarghtitigatag of the
el ementary channel s that ar eagl ven when defini ng t he freq%ﬁg%agl an. These

various subWhishaeouldken staggdRy awaitingpleansiaiasion of iis e NBhe
communi cat i gy ASTEENitdH U5 TndtidteyPid 2Bi-8réHtBhSI" Ods BHpsLd 6 MiedaRbnt

sub- bands Bi
where the receiver post does not have any data to be transmitted, apart from
20 the signalling and control data (i.e. acknowledgements) that is referred to as
"uni-directional" mode.

In a strategy for rationalizing the use of the spectral resource, the
method will be able to split the channels of the frequency plan into two types:
frequencies termed "call frequencies”, intended notably to be used solely for

25  the start of link setup and frequencies termed "communication frequencies”,
used notably in the step of data exchange, these frequencies being able to
be evaluated during the implementation of the method. This separation offers
the advantage of limiting the number of call frequencies and therefore of ac-
celerating the first step of link setup, the crowding on these frequencies hav-

30 ing to be limited by their use solely for link setup.



. 5 whi ch may have common channels Ck, for exanple the channel C3 is conmon

to the two sub-bands Bl, B2. The initial call of the calling post
inmplicitly provides a synchronization between the two sides of the

comuni cation |inkup, the said synchromi zati on being related to the
recognition of the preanble of the call or commu- 10 nication request
message. This synchronization offers the possibility of having a clock
mechani sm maki ng it possible to switch in a coordinated manner from a

non-operational sub- ban i .to the next sub-band 131+1 of a tine
interval or "ti rrertjnlpﬁa(ﬂ'ﬁg Et'%BQS%IB'ScP.%‘é’asﬁe‘wﬁ?’h&fﬂ"é‘#ng Q}eef)&gﬁp
optional, igatioh $REAAItAaBSGIaE ¢hd eoleczﬁ%aﬂsrréz\@ acghane fregbendiesenmncy plan
and predeflned sub- channel s nuki ossible to inplenment the service

n

desired by ?"leso%EﬁntéfPﬁj“@Qé@ﬁ?@ctttﬁghg%@%&u@ﬁﬂ"%‘?%‘#sﬂtﬁ fachQf fAMONERY 11 a
synchr onousg Qﬁjé’l‘ﬁfé% WhiER a'rt-?ﬁ@@&ap%@?ééfhléﬁ'%lt@é had fr‘é‘qbbn@t@é‘ﬁhﬁﬁ{; fép existing
frequency p . or an update of this plan, distributed Eﬁ a master post. 20
Step 2 5  neighbdurs aitdesspthaniedd kHz, vy snakeeit pessibleytotayo qu@CWGttbﬁogeneous
net wor ks in do not use the same communi cati on protocols,

for exanpl ehI bﬁ%&.@%&BQﬁﬁ 4G st andards. St ep 2, E2, corresponds to the
phase of establishilngigunea2 ranmﬁem'éselhtaddnlsiumarfyorthregaQWe s?enkﬂ-lzf)atbet ween
calling post 10 and cal st 1 bI e acy" standards, for
exanpl e t he® aZ'GB%I' %lén?tniﬁfﬂgfﬁ'?m %mgsarég é%g(té’btW?éWeQ 'R nmuni cati ons 1'i nkup
bet ween thegggd 41 ng post 10 and the cal | ed post 11, before | aunching the
procedure ainmed at |inkup creatijon g verlfgr\}\(’ﬂ%g the 4G caf ﬁbl|h é of the
posts. 30In order t¥eBood! t“h@ptr'%ﬂﬂ Gne\PoRieeR ghihg lgvel QTEns caliBBur e ac-
cording to phg 1'mt\b%1&ﬂe9rbf's§|ewﬁg ke é%l?ﬁ&que‘nble'ssaspé)ﬁﬁichbﬁnbfébYﬁéﬂth}é that the
step is 13 conpatible with fornmer generation posts of 2G or 3G type. This
i s done, fotimexafhthesite.foftthe paeiexdting Psekjegiisforvativnmise HP‘(‘-?'the%ﬁ | egacy
post just a o] I

capabiliti egrefgﬁécpt?hégnyo?%d r?gﬂfenkﬁé@% é‘g?@lﬁ%?@gﬁgﬁ}% pﬁﬂgbﬁ Ee pr ocedure for
4G as is il fraqmemmextmd?ecgtﬁnom ﬂ& overall frequentwn@lamrsb|asgtqoestabhbfspat ches a

Hel l'o rressa channe to.th t cal |l ed
post is i:ongihz dér%rbtaﬁ'd?f'ﬂg ey ca%%gngﬁgﬁeqcﬂgmg& ec?e f{)es uernggﬁonds by
conmmuni cat i (gl fokrd parif 6r418éti STirdq@eAtids l@‘mé@pcfdlllffeduleﬁsleét\hﬁlch)a!s%tafedr adi o
station or post, the bandw dth capabilit its 10 power

char act er i sPIeviOUsHY. il b blanipabe Jmted in é‘émbﬁ’ﬁtsi’(ﬂ’? tha‘i‘fG!%r?tFﬁh%\VBPa't he whol e

of the freqpgnssup! an, possible need for transmission on its side and
associ ated SLA, etc.), 52, and then the method passes to the third step of
the method for brodddeedd shaws diagiammeatisalhopbasst 1dietendtef the Riege-

compat i b e i \whilh wfAeIRE dehRg o 46 4341 B fRRRbnliEsROMIShelPd it 1S

standard 2G or I'sYthen up Ing post to eci de
whet her it bgnaéeBitwhicloate pumhﬂeruandldams 143 fas3he chmnuurdmi@n(qwg)d 56, the

met hod executes st and rogcedure corresp i n xamnpl e,
oithor Lo otiop BedeBlrErnBe; i Srnfd MeRrAdfs BRpi el B Rl Eonnbct | on
attenpt. Thig pirp{fpachfi}s THE IR&thbe dvill detdrgiines |5ca||9catrth@rmaste|caost4@ ALE wil |
be able to enul ate onlt)(1 one of the two
call station 10, the frequencies making it possible to launch the establishment
25 of the link with the called post and to determine as rapidly as possible a sub-
band Bk making it possible to implement the desired service, defined by its
SLA, the abbreviation standing for Service Level Agreement, which gives
constraints in terms of requested bitrate, of permitted maximum latency, of
operating point in terms of signal-to-noise ratio.
30 The call post 10 dispatches a request for establishing a linkup be-

tween it and a called post 11. The function 45 for collecting the information



. nodes by choice at one and the sane instant, unless it carries out nmultiple

nmonitoring, as is already the case currently. For the inplenentation of
thesé steps, it is possible to use nessages in the 2G ALE or 3G ALE format,
depending on the type of conpatibilityiadopted, with the use of one or nore
25non-useful bit(s) of the nmessage to signal 4G capability, and to which
the called post wll be able to respond as a function of its own 4G
capability. This phase is carried out w thout presupposing that

the call ed post has.a capahilit t her t 3 KkE rr '
functional i 593 r‘?‘é(ﬂ@?t"i‘q ﬁbegg'gf B?tgféncgko(ﬁc&syn{}%%c?% “f'l_%rtﬁ? e‘?'\%\é?ﬁ&e]giefg%bﬁf

depl oynent , shftwhrel 4wRiRE Takd Linfoaccidine ndomiatiohaelatiny te dibgeuhrapistalt o be
enpl oyed with a narrowband antenna a first tine, and th r gadband

. n a
ant enna anoPfgHons %red\maq*?éab@%?e41¢ﬁaéh%kn°%qe6'm$arﬁt%fs A fichr onous
O SV PN PROLS, ad RO a6l £8) LER rbdancy T BOENNA! e bt 1B B pBLibler cducncy

plan, the latter consisting sole Ppassing frequencies sel ected during
step 1. §n pemoinigation fsubteandal Inslidgdsn ansintgrvaldben dmai on\ihe bapie efbl e to

noni t or s_evcﬁ{eaﬁ%s}‘squgﬂgglg%ﬁesais‘t he sane time and thus 5 inprove its chances
of reception and/or accelerate link setup. In the particular case of a

cal | ed station capasteerdifig|to sineninedeiafsmpieraentatien, ythe onethedvdssumeset of

possible call fre cies, it wll no |longer be useful e ronous in
order to unh@r?‘éﬁk‘ggiﬁ&n?geasﬁ?rtﬁig\dﬁﬁmggﬁwﬁ anfe ?’itmc?lﬁe%ﬁ%gﬁqﬁ’gfgéﬁﬁg to
choose to span dfae el fre@BMRYQIes fal intd the edlispust wHen priapaiey fordisl ar case
of a called 10 station capable of listenin cal |

to rt of . th
frequendf es USgt TWIfTGQH@”EY)QLqer%” FBntﬁf’bﬁB)égyR%oggﬁﬂ”?Wéesb S%rqﬁé?{EP'@s so as
to favour fgaghudddiés MlcHParefl it o‘?mmn@hhy p%einﬁldm:ehambﬁfentmf fheequenci es

that are close to one another. However, this phase remains conpatible with
a standard Hapkofdee Mparseteh as carried out in the 2G or 3G narrowband

procedures. 15In thd : L Sshl i : fd B Yaf 1, 1t s
not nec- essary for%?grhéég re%f(t}xe"ﬁr@?/t"?%)h%@léwgg(egfsgé'ﬁwﬂlggﬂ?ngtﬁ&e%%iﬁngl t ar get
sub- band of opegitiohs thedte coeisanndhe iamns-naval sector, coherene¢ @vabhyzonghe net hod

kes i h ljti h |, of i f th
commini dat 1 SRMeh by slisvel t RSy Trnh oL 60 bgRe 1"
received. Usable Fredtiéndyal Maximal Ueableifgquaty) valnag amytheks tpossiblet eps of

t he met hod according to the invention, however, the call t will provide
the SLA infd&? F&""tt'i'@ﬁﬁWﬁ‘F%toﬁpg SRaN fafcthepasts, Biat gre fixening) "I"‘gﬁ&ﬁﬁﬁuoi"’o know

whi ch type @fe LSRR PSS! ISMchRed Fnk isefip &1 Hwdti fidqieicies, bpetiminatat e
capability). Thus Tnh the case 25 where the SLA corresponds, for exanple, to

a sinpl e | oirdthosavdigharaact #astingcati on, the link setup phase al one coul d
be of 4Gytype, the RiRReHE Rantlaldl 'drf RMRICBpERAaR halsRiiAbifforo t ake
g a IeB node. Su

pl ace with the transmtter/receiver usi acy h an approach
makes it possatioheotaocgmoiant centrey thieeknaewed ger oft the mepfoyniemt zbnk aseval, but

\évi ggogt EEC%Q%Q %sger%%fyezorn%_, cg’r% ?nuerdcveitﬁihexcll‘atte}/ R1eayf r%raké ﬂv&&is}brléa{oesg_er vices.
lect automatically on each post an effective frequency sub-plan which will be
the one used automatically by all the posts.
25 When the ALE procedure is asynchronous, 2G-type procedure for
example, the calling post will then be able to make its choice of order of call-
ing of the frequencies as a function of its own radio environment, and of its
prior knowledge of the linkups with the called post.
In the course of this first step, the method carries out a step of fil-
30 tering as a function of the limitations of the communication, so as to define a

set of possible radio sub-bands on which the high-bitrate system is apt to



. 'Step 3, E3, is a phase in which the method will grade the channels so as to
choose the communi cati on sub-band. This is a phase of broadband eval uati on
of the various bands conceivable for the comunication and of selecting the
wor ki ng sub-band as a function of a nmeasurenent of quality of 5 the
various channels, with selection of the first tested band conpatible with
the need expressed internms of service, or by default if the service is
very denandlng, of the best possible sub-band. This third step and the
final choice re uenC|es r _grading_of the channel i g.1.n. the present
exanpl e man¥%§ &j -Iflﬂ? g behgTds, 8’ g?safor 88?{88!? tahgrorlflgg}gepfs&eséle ing the
br oadband ewérmus ﬂfhtsér@p%wél’ﬂfﬂvrféﬁt befhing alee digatiehoy blih. iIThesstvapiousi | | seek
to: 1- incorporate the infornmation of |ocal roblnggof each post or station

right from s¥rebavdmear beariedslinad,epstigam b the, operatigr Of thy CIBHNIFAsn t he
post has be%h %%t%rﬁ ng.séﬂeaE' iy fahréianﬁﬁésdfrr%%‘ili d?é,o.ﬁu%hblbséndge.yl ng, for

exarrpl e, urerrenq noi se level in the channels of interest
(those of thlchrreqyuéuaw q@hunorolch@mnelﬁ@kstmsaeqanmmemnnerlﬁ?e iBISPBEt of this

i nformation e galling post to |aunch the frequency
search phas@wtnc;\!/)\élﬁ)%tsvso s@ab%ﬁ\ééagl e§a priori sub-band; 2 - refine the

eval uation of t he gite |nit5al oall ebithie aﬂllr@rmspmspildjﬂsepl@h@inﬁei syrebrorign- cor di ng

to the co |ons nde i f W|th|

moni tori ng "Y‘?e"i p%’é’s%'%? f@\e (f%m\‘)glrcﬁ P@S@r W%QS%FE"%HF e an

i nformati onzétam Beihg JSlatEide tHEaktdgnitiodl ofi the phearablei dfthe call @mMcofmmiudf or mat i on
regardi ng noj se |level, such a asurenent. renai ns r ther hﬁ&retg#lse and wi | |

not be a¥ai N&Biien feuest messags-sHits gypereaizationifers t ﬁtpé’si;' a¥5r evi ousl y

in comu- 2ﬁ+a'§ero'c9rﬂneéhfaﬁrsﬁi ﬁ{a%ribolwﬁbf.’slﬁleﬁe%'\nhﬂcﬁﬁn b RYdhaRbemAaRErchannel
regul arly; - take into account en choosi ng the sub-band and the

recommndedfrnmepncqperatm@éﬁ@begndtEhéo theanextriadp-kand B eREBINP Bi tr at e,
| atency, op lrn%t h@ﬂ*a‘?%h'}her‘i% e s‘i&gé)@eéc‘ﬁgéh lhléré?ﬁé%édat the level of the

calling pos e call receiver The method will test in
t he various pr edef i Sted b dwndal ittihendesd pdssiblk tmposssgbeferehanda exanpl e
a pseudo-rapdom seqyence ting a 6 duration SO nds .to a few
tens of léecﬁﬁﬂgencé/gﬂﬁg apd pgqech;w,eﬁ SR a%ﬁ'&@%ﬂ%ﬁ p8PS'§’F?V%°dU"£‘?”E‘§Ftr ound on
a sub-band wd Beicoassiast bpawesLANashexecitenihel sudseqliant stebbeofqthé| ity
measured on a channel does not depend on the nunber of ch | s the

b metbodall &

sub- band. 5Meheshde @ wnphrqnpaﬁgﬁ{worh\réﬁh legaaReRie

channel s byenyhfes(ehﬁq'ﬁ@auéﬁ@y slah BorSsh @5d4te ofefis blad, HisebeaEYy dlnw@g.m ty
afforded notably i n The case where responses or i nf ormati on Ttegardi ng

change are tar@oshitted, it being possible to envisage an overcoding to
ensure tzgat s &? information is transmtted properly, whereas the known
sequenceés are transmt-

This step makes it possible notably to build heterogeneous net-

works in which the posts do not use the same communication protocols, for
example the 2G, 3G or 4G standards.
Step 2, E2, corresponds to the phase of establishing a narrow-
25 band link, for example 3 kHz, between calling post 10 and called post 11
compatible with "legacy" standards, for example the 2G or 3G standards, so
as to establish a communications linkup between the calling post 10 and the
called post 11, before launching the procedure aimed at linkup creation and
verifying the 4G capability of the posts.
30 In order to boost the rapidity with which a 4G ALE procedure ac-

cording to the invention is put in place, it is possible to verify that the step is



" 10'ted un-nultiplexed so that the performance of each channel can be

eval uat ed i ndependently. The met hod according to the invention
relies notably on a calculation of the qualities on the M frequencies of a
sub- band Bk, doing so on a defined setisof sub-bands by incorporating, if
they exist, the teachings of step 15 1, the capabilities of the called post
which will have been communicated in step 2 as well as the constraints of
the service or services sought interms of SLA. The steps inplemented in

her oi naf t or CGRAHE o GRER! of AL BRYerE 25 Srat” B R Fisshr i

channel quakxdniples ifané Hacta)mes@ug@as:bombmmabubmm a degheyep o0 fust ralse
equal i zation error and therefore channel

the master [6st 4G Pestdiei laienalope rgsPqiing %’FtB @&?P@QHIH%S R thersfore
communi cat i Raking it possible td Boftiffd i@ brb8edlf8 %o AG R8s MREtrafediAHig@8 t he
basis of the information available regarding its own capabilities and those
of the calléd post, 25 obtained during step 2, as well as of the teachings
of step 1. Having r PRl e5$Uly b nd their
associ at ed channel gﬁ%et ﬁgllﬁgggos©%lﬁ&ce§napﬁé@ t hem g%\eszf thrélt eH%t her or
preferably ohaterelttoeieicalledpost. if theamdedipesbistcompativie wite thaitldho{l"oper at i ng

oint + target ro rat t Bi th 0 S, W|th|
5ar yi ng froﬁ:lof_i Eié '@ﬁéﬂs? & BXngﬁf ??gﬁﬁgﬁrsqﬁ)ﬁga%ﬁ;re%%w

mast er post u’Igf'tfd"palbllihGQ@thé typd of tdﬂﬁb pirancnedaupestrrm@ bandwidthosapability , tits

determ ne the nost suitable sub-ban muni cat.i on bet ween t& t wo
posts. 10 power, the C'T?fédi‘?ﬁ'ﬂ"‘esrowﬁsq"t@\ﬁ‘qq af‘a@ﬁ‘ Tstimation of quakt¥ oNgk Nswband
frequency fhvh%f%—:%ﬁﬁ'e'ﬁé}ﬁ}én@yrdleﬂg p%tseia|e2néét¢f&ttadr¢shﬂgs.@rﬁ ohh®s sisecedure for

calculating quality for the target SLA for the sub-band Bl and its M
channel s f 1assqaiated fhé\, @éﬂ) &4, pertheadha matherd eassesdeitin thid stemef theat i on of

t he conmuni node, for
exarp e on S brbhaitBY IR cdst o8 of the RIS nbEopBaRL M oM e a
message of &y dGmmotlepthent the cailstiepospm%pmdsbégj m thetamdarsedler er Bor

Sequenca’or Ml & Yo i fkating.post i opde MR CaTbet 6 €aMhE, Pl °
post, Ilsteabmmattingsssubfttmed (s), 96| the testhddileateuteda stlindaré guenci es of

sub-band Bl. Next, the called post wll co re the synbols received
with the kn&RRUEctRIESEANGAG. i the Fugn exgrgpie, ol e 761 A3GrONRBVIRR:

frequenci es 5f t@@a:ﬁﬁ&)pbﬁ%ﬁ&nglth%ahﬁe@ﬂéﬁl AttemBC ThESagProddH ist e ML
frequenci es. The cal I'ed post, 69, di spatches the corresponding quality
scores to t Beribrkindrigyedt. . The transmission of this response information is
per f of g, for exanpl Srachie, | AE WA Be THAE 1 RIRIIEAIAY o8 diheMhvo
frequencies or on par t'hese Trequenci es, ones neasured in

20t he sense nufdeishey clacbld:eedt pnetand the same m‘StaIltnmiew |t|@casmqs out maltiplept of the

quality scor es wi.ll eval \ bi respond
fo thet ar g@IorUPHNE. % Pl iecate FuRERD. Fob e BmSiinBROE sFind "
scores in respecit |9fpo§knblecﬂmamueeh&s9égestm thel2@anE andGdelE femdthdeef rom an
overall score for the f the SUbtﬁundﬁ%eF}EH”Sthe

b- ba
condi ti ons P@ﬂﬁﬁ"ﬂe‘ﬁ‘ Fn?sgyﬁp%fn?o%?aqbrﬁ'gy adeptede vithcthe; SPerordBStE advi ses,

67, the Gal lngg- L@@ﬁn bitpd) SSihHRImEBSagelRy BRNEI B dphbilg SRMBINHGEH tHen bet ween
the two posts can begin.
called post will be able to respond as a function of its own 4G capability.

itially,

This phase is carried out without presupposing that the called post
has a capability other than 3 kHz narrowband. This functionality makes it
possible notably not to foretell the type of deployment, it being possible for

30 example for a broadband post to be employed with a narrowband antenna a

first time, and then a broadband antenna another time. Whether the mode of



+ In'the converse case, 72, when sub-band Bl does not offer the capability
required in respect of the communication, the master post an- 30nounces to
the calling post that it is considering the next band Bl,1 and for the
associ ated channels. The calling post mcknow edges receipt and listens 18
in on the new sub-band. It acknow edges receipt to the naster post and
perfornms nmeasurenents of quality for this sub-band. In the case
of non-response on a sub-band the nethod switches automatically after

expiry of a tiner Qth transmtter sj recejv i 0

sub- bandof ??I'Bnﬂn]ecﬁd% BY%%%"OU% of agﬁcﬁ&%ﬁg‘%eﬂaﬁ ?éllle?gg?ﬂe\ﬁiltsé%g of the
cal cul ati OntHeOWhaleSMbthbaciE(KI fréquenieg ;mm,hhfd mmgb tensistiplyasokelyl cgs;)afsei(;\goxﬁs. 'rI]'he
master post _transpmits a known sequence of s 0]l s on e syh-band, Bk. The
cal | ed post PALNGRS F‘?l'eBtﬁgt‘m}g‘gs%SPb%ﬁB %fﬂa%ifer’r#o I %?'t?g ??1% 'M%"P?‘_%‘quenci es
of the sub- Bandl.it dileeCabIt 86 niPfbr SV eFATRAYRACIEE it KNEOYAME SifeeasEthtist h t he
denodul ated synbols and estinmates quality scores on each of the frequencies

M. The tal inepropeds chaneempt wcentian ARd/er aaeslenate ink relpl BaleParbiu-bi trat e
mode on thehaM%aEé%‘ﬂ!éeé?I;?@gsft;tﬁ? SR B idtnih§ SndtBi¥aREo P to mENGnARSt er  post

eval uates the capabili e _ o respond to the SLA service.
I n the casesethefrpossipe salbfrequahciis, itovill apilengerde usefulctagabsynohyonause nast er

post confirns to the called. po e . - | fits
associ at ed Hh%rrqﬁéiosVnwkﬁg'ngrség%gﬂ%C#'?'ﬁ%gga '@Egh%ﬁjgﬁ'ﬁg{}‘?’ég.%s%s% nat ed
and t he conmustaatieobaivrequdresigeaf it neEsurenin tree padibolaecasd afiretslledf t he
sub- band Bk, 69. The d recejve the. ne fro e master

, call.e ost will i sa 1t h
post and?pastatpg CPBE@EﬂfﬁjﬂeH@gio&ﬁ%%{éh%célk%g%%%scﬂgﬂﬂg?&oég"bﬁt_ The
cal I ed post PFJp%@é%ts%aﬁ ®hd Reqidsdiey s®astto JaviRs Fasginkisdt@s, fePexampleat i on.
The two posts are then positioned on the selected sub-band and start the-

communi cat i BY grorHing tagsHer dom freayendies thatare dpseta one aeetbemitawRYSHual ity

scores on t E}g? Mﬁaéé ;F@f#ﬁggicls@gtgfibﬁehﬁthsé'%fm%ﬁ fifkic %ﬁngs%h %&%&E@Eo‘ bifng the

val ues of qu y t master post. 25Ea f the sub-bands w Il be
tested unti in he@br 8Gendrmiwbandpgotadsiremndi tions is attained: the quality

necessary for the re st.e A _SErVil. s t aj . -

consi der%d is adoptlgg,H'% ph#?%’?ﬁ%’"%ﬁéear'ﬁ%@ soﬁloﬁg&vﬁnicﬂq% ﬁggrngﬁﬁgcﬁl ng
sub- bands t essdrydontie freqlericy BMhgbegsatilyave imenhebfisal tgryatisup-Hamdnef on t he
previ ously L%%t_ed sub- bands, .for exanple through want of frequencies. 19

The quality Rifate GIMMPRICAURNS, | at ed as the sum of the qualities of the

various channel s t hafefdrhbiyOtHeahBhod tHRSSLING 86EJUNRENE GuEAltibS ia€theledel _
t hensel ves cal culated as & function of the bitrate that it wi|l be possible.

to pass on Ohthecsalriiation efithgcaptminicatione sg @ge RyaidgroseisAislirhdmtes or test
S€qQuence,  on the signal received.

The caller or calling post manages the set of steps of the method
according to the invention, however, the call post will provide the SLA infor-
mation which allows the receiver of the called post to know which type of re-
source to switch to (i.e. high-bitrate or low-bitrate capability). Thus in the case

25 where the SLA corresponds, for example, to a simple low-bitrate phone
communication, the link setup phase alone could be of 4G type, the subse-
quent data transmission phase being able to take place with the transmit-
ter/receiver using a "legacy" mode. Such an approach makes it possible to
profit from the acceleration of the link setup, but without occupying a rare re-

30  source of XL type for low-bitrate services.

Step 3



. 5 Stest, grouping together PSK (Phase Shift Keying) and QAM (Quadrature
Anpl i tude Modul ation) nodul ation synbols will make it possible to estimate
whether it is possible to pass for exanple the following bitrates: 12800
b/s, 9600 b/s, 8000 b/s, 6400 b/s, 4800 b/s, 3200 b/s, 1200 b/s, 600 b/s,
300 b/s, 150 b/s, 75 b/s or 0 b/s (case of non-reception). For the sake of
generaliza- 10tion, it will be possible to add the value 1600 b/s,
corresponding typically to a BPSK node, | owbitrate extension of ST4539.

The post receiving the test.sequence Ste. . evaluates th erceived quality
and determines a " s%tg?Péi‘ %,I%’of's %Eﬁﬂsec'ﬂa‘% &h trb%/mgblq%n\ﬁ igﬁ%&? ﬁ'@ cg]a[npg e that it
w1 be abl gota8 th@heb¥e tHNcdMmuavalioelsuswantdEhieds aTdhase vf dir€adbdinda 15 |
scale fromO to 15 (4 bits) for exanple: 0 = no reception, 1 =75 b/s, 2 =

150 b/s, 3 evauatiay §f the vakeys Bards soncejvakle forsthegcammypisagern and of 3200
b/'s, 8 = 48QQePiiy the wolkiPs-Band 8s a3 BALGN dfla mefBFemdmioflgRff: oft he

follow ng scores Temaining reserved for conbi nati ons of nodul ati"ons and

codi ng of niftcwarioust chasnelst aithagelection. of Abe rirsidentedi bansk campatitimudtht he
commun cat | . hags SRk Bathe bEAREOLR Malif fIREIEHE, i fEydata. the

si gnal | i ng, e ackn C. ate trans or exanple,

mul t i pl exeddemaatingt loé that besdymgsside asibtlmantde nBfi$ tthird ctep famddtheefisalt y gai n,
but also to b)c.cug# t he fr.equencigs iztﬁotg di rrecti.ons of COfTTTLIni cation, so
as to preveffOPRET fEgheRYIRT &Y SrPding flithy channels, is g &p REesep} 8X3MBL o her
comuni cat i aimaghll B theuhiingl peétuBbbbdtrtheandatsl postat i on in progress. In the
case where the nethod does not find ar%mss_ub- band naki ngJ[t goasi ble to
attain the desired 209 the heastband iy I0Ra$18P ot el RECHBEES Qcore. 1t
i's noted thg@le mocAINWiRRBKE:s C may belong to several sub-bands 30 Bj,
and therefore may be tested several tines. The nethod inplenmented by the
cal | ed post 1t frerpgdte the infsmadion «f logalinfebipgraf rashcpestms| atigp tigkt nost 20

recent test val .u L) o) r
sub- bands, tomdgr{eeg?nﬁﬁ{e%nph@eg(egf ‘_Wn&Hhl@tsgttfphﬁrlo%‘éé%sﬁeot?ﬁlgr\gﬁ%\rgfrtheet §Stbe a
si gni fi cant hasiivben abfe toastatdisk fisst nheasurergern of geality, relying fidr-dampland t he

br oadband -response procedure on.the.5 entire suh-band wer e..no

of foctiVe, PO BeRSUEmEre ol BoRP SRELn 1 HAReR SimAL ABoF PEIeT on
nessage regauéhdplaheor@iahe subsetrselectd)! Mhe Wbidce obthis iformediohamil bB1, but
mul ti pl exed on the set of frequencies V\/noseeﬁgualit | evel is higher than a
gi ven t hr eskorlowdhe ralling Pest 10t laurchyihe reqyensy Search: Phaseowars g fdn. The
nmaster post yhbhibRf #bRori 8GEIpYARE; @ set of scores in respect of the

2 — refine the evaluation of the quality of each of the possible channels ac-
20 cording to the communications plan. Indeed, if within the framework of the
monitoring phase it is possible for the various posts to constitute an infor-
mation table regarding quality relying on a simple item of information regard-
ing noise level, such a measurement remains rather imprecise and will not be
available for a post wishing to carry out a late input or previously in commu-
25 nication, therefore not in a position to evaluate the channel regularly;
3 — take into account, when choosing the sub-band and the recommended
number of frequencies, the SLA aimed at, in terms of bitrate, latency, operat-
ing point, doing so optionally both at the level of the calling post and of the
called post or receiver.
30 The method will test in the various predefined sub-bands, the use

of a known sequence, for example a pseudo-random sequence, lasting a



"lovchannel s of a tested sub-band and derives therefroman overall score for
the sub-band. This score corresponds not to a sumof the elenentary quality
scores in respect of the channels but to a weighted average taking account
of the bitrates to which these scores worrespond. Thus, for a sub-band B
whose three frequencies woul d have been scored respectively 1, 4 and 11,
the 15overall score wll be 10275. This score has to be conpared with the
bitrate ainmed at, for exanple a bitrate of 32 kb/s requires a score of at

| east 32000, , Figure 7 shows, di agranmaticall empl ary

possi bl e fr AWENPR & fef”o?g‘for?«gsttgﬁ Pef"f s &rs%"ec n%i%, staan?g t‘?gg?‘ﬁfa@ﬁghar e
synbol s ori gieastiengeritrofrthé wualliyf foanérin atsubdsandswitle ac boriantopakerodul at ed by
a particular equalizer. 20 This is exgl ai ned since referagjll‘?\é, o have a
fine esti magpghckannshdn el the\auglityieasiies ABIa channpkdqesn i deReRd Gl i zer as

that of thesaVehos BreRRhAYISSH fH sUbsariibsequent phase of data transnission
which w || Ee used. The test sequence can conprise an ALE frane

pr eambl es5 conveyi ng Theepesie nmdksargmit theirggspensesamthiedmole set ehahapnelsa
multicast o : = S ol [ ; '

medi um bi t rg g{@w‘r%%ﬁ% t '?%gl/%t%ca ?Sy{c’o éegtﬁ%m%\ﬁfgg}éhé’%ﬁ%@%ﬁoﬁeﬁ@%%b% s, and
then of a sicthedcaser whereofesponsdsi or mfermfioh gegardingpchardeyand trarsnbt-188- 110A
synbol s at 600 .b/s. This.type of .frane makes it possible l. 0

det er ni ne egﬁfgl'{)gﬁppoﬂoﬁbr%ﬁg ?'B’ﬂsﬁgﬁeak‘/a"r"%%?&"}%/8°e§'s‘8\”ee$5‘3§f‘€éz)éﬁ(f°%f t he
p0|5t |0r Stah‘]ica@iﬂn is 2&nsmitted prﬁpEﬂy, Wh?rehﬂﬂh@@hbﬁn@‘e_qhéﬁcésr anaiEt,rh bartsi_ilﬁt- .
calculation for estimating the signal-to-nojse ratio on the basis of the
mean squér ete@r%mqltéoq%@,df%tﬁ@ath@rpgqrﬁém@%%p gach ‘?’@r’l‘nSP‘f’%} b%ﬁ\’é}’?tfgt i on.

A nureri cal jg%3aR4&nt | | now be given to illustrate the principle

5i npl enent ed by the I'nventi on. _ A frequency plan with 16 channels
i s consi dered, whi chheamethgsl agcardipg ta tha ipvealinhsraipd setapiydeh ad@alaot exceed

o B3 = uni 430 SF Y aBaiee L Eleo v EeR o A B B RO e 86 ATt er
t he exchangdefueasset dftseibtbandswiyngcarpatating, & dueyesxisty theotetahingsi ohstepr t esti ng
the fourls sul;?,- %%ngasﬁabilﬁes of the called post which will have been communicated in
step 2 as well as the constraints of the service or services sought in terms of
SLA. The steps implemented in the case of a unidirectional communication
are, for example, described hereinafter and in conjunction with Figure 6. The
calculation of the channel quality is carried out on each channel and is done
20  on the equalization error and therefore channel by channel.
Initially, the master post will define a set of possible sub-bands for
the communication.
This action is done in the master post on the basis of the infor-
mation available regarding its own capabilities and those of the called post,
25  obtained during step 2, as well as of the teachings of step 1. Having deter-
mined, 64, one or more possible sub-bands and their associated channels,
the master post can pass them one after the other or preferably order them in
terms of possible bitrate at the latency operating point + target error rates.
Let Bi be the various ordered sub-bands, with i varying from 1 to p and their

30 M associated channels f';,... f'u.
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The master post then triggers, 65, the procedure making it possi-
ble to determine the most suitable sub-band for communication between the
two posts.

The master post will then request on the narrowband frequency fj
established during step 2 the starting of the procedure for calculating quality
for the target SLA for the sub-band By and its M channels f"....... fu'. The
called post acknowledges receipt of confirmation of the communication on
the frequency fj, 66. It passes to listening mode, for example on a frequency
of 200 kHz on sub-band B4. The called post returns a message of agreement
to the master post to begin the procedure for selecting the traffic sub-band.

The master post transmits, 67, a sequence of known symbols on
sub-band B to the called post. The called post, listening on this sub-band B,
will demodulate the M, frequencies of sub-band B4. Next, the called post will,
68, compare the symbols received with the known sequence and will esti-
mate the qualities on the M, frequencies of the sub-band and allocate quality
scores Qi for the My frequencies. The called post, 69, dispatches the corre-
sponding quality scores to the master post. The transmission of this response
information is performed, for example, in low-bitrate mode interleaved on the
M; frequencies or on part of these frequencies, the best ones measured in
the sense of the called post.

The master post, on receipt of the quality scores will evaluate, 70,
the capability of sub-band B to respond to the target SLA service. The mas-
ter post therefore receives a set of scores in respect of the channels of its
sub-band and derives therefrom an overall score for the sub-band.

If the sub-band B fulfils the conditions required in respect of the
service then the master post advises, 67, the called post, by using the sub-
band B1 and the communication between the two posts can begin.

In the converse case, 72, when sub-band B¢ does not offer the
capability required in respect of the communication, the master post an-
nounces to the calling post that it is considering the next band B.4 and for

the associated channels. The calling post acknowledges receipt and listens



b ',
 Measur e-

15

20

ment B1 56 100 2 3 7 9 Measure- nent B2 5

18

in on the new sub-band. It acknowledges receipt to the master post and per-
forms measurements of quality for this sub-band.

In the case of non-response on a sub-band the method switches
automatically after expiry of a timer, both transmitter side and receiver side,
to a sub-band B;.1 of the frequency plan.

By generalizing the steps of the calculation for a sub-band Bk, the
method can be explained as follows. The master post transmits a known se-
quence of symbols on the sub-band Bk. The called post listens in on this sub-
band and demodulates the Mk frequencies of the sub-band. The called post
compares the known sequence with the demodulated symbols and estimates
quality scores on each of the frequencies Mk. The called post transmits this
information in interleaved low-bitrate mode on the Mk frequencieé for exam-
ple, to the master post. The master post evaluates the capability of the sub-
band Bk to respond to the SLA service. In the case where the sub-band Bk
satisfies this capability, the master post confirms to the called post, the use of
the sub-band Bk and of its associated channels. The HF broadband link set-
up procedure is terminated and the communication will be performed on the
n chosen channels of the sub-band Bk, 69. The called post will receive the
message from the master post and pass to reception mode on the n chosen
channels of Bk. The called post transmits to the master post a message OK
for communication. The two posts are then positioned on the selected sub-
band and start the communication. The second controller is suitable for de-
termining quality scores on the Mk frequencies of the sub-band Bk and for
transmitting the values of quality to the first master post.

Each of the sub-bands will be tested until one of the following two
conditions is attained:
¢ the quality necessary for the requested SLA service is attained, the sub-
band considered is adopted,

e it is no longer possible with the remaining sub-bands to attain a quality
higher than the best quality found on the previously tested sub-bands, for

example through want of frequencies.
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The quality of the link is calculated as the sum of the qualities of
the various channels that it contains. These elementary qualities are them-
selves calculated as a function of the bitrate that it will be possible to pass on
the channel. In practice, the sequence of known symbols or test sequence
Siest, grouping together PSK (Phase Shift Keying) and QAM (Quadrature
Amplitude Modulation) modulation symbols will make it poséible to estimate
whether it is possible to pass for example the following bitrates: 12800 b/s,
9600 b/s, 8000 b/s, 6400 b/s, 4800 b/s, 3200 b/s, 1200 b/s, 600 b/s, 300 b/s,
150 b/s, 75 b/s or 0 b/s (case of non-reception). For the sake of generaliza-
tion, it will be possible to add the value 1600 b/s, corresponding typically to a
BPSK mode, low-bitrate extension of ST4539.

The post receiving the test séquence S... evaluates the perceived
quality and determines a "score" for each channel by estimating the bitrate

that it will be able to receive on the channel considered. This score, on a

scale from 0 to 15 (4 bits) for example: 0 = no reception, 1 = 75 b/s, 2
150 b/s, 3 = 300 b/s, 4 =600 b/s, 5 = 1200 b/s, 6 = 1600 b/s, 7 = 3200 b/s, 8
= 4800 b/s, 9 = 6400 b/s, 10 = 8000, 11 = 9600, 12= 12800, the following
scores remaining reserved for combinations of modulations and coding or
modcod not yet standardized.

in both directions, once the communication has been launched,
the information transmitted, the data, the signalling, the acknowledgements,
etc. are transmitted, for example, multiplexed on all the pathways, so as to
benefit from the diversity gain, but also to occupy the frequencies in both di-
rections of communication, so as to prevent the frequencies from being de-
tected as "free" by other communications which would disturb the communi-
cation in progress.

In the case where the method does not find any sub-band making
it possible to attain the desired SLA, it adopts the sub-band offering the best
score. It is noted that certain channels Ci may belong to several sub-bands
Bj, and therefore may be tested several times. The method implemented by

the called post then updates the scores of the various channels by the most
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recent tested value and will recalculate the set of scores of the sub-bands, to
determine the best.

In case there were to be a significant number of non-accessible
frequencies on the sub-band and the broadband response procedure on the
entire sub-band B; were not effective, it is possible to proceed by transmitting
the information message regarding the qualities not on the whole of the sub-
band B4, but multiplexed on the set of frequencies whose quality level is
higher than a given threshold estimated by its signal-to-noise ratio in recep-
tion. The master post therefore receives a set of scores in respect of the
channels of a tested sub-band and derives therefrom an overall score for the
sub-band. This score corresponds not to a sum of the elementary quality
scores in respect of the channels but to a weighted average taking account of
the bitrates to which these scores correspond. Thus, for a sub-band B whose
three frequencies would have been scored respectively 1, 4 and 11, the
overall score will be 10275. This score has to be compared with the bitrate
aimed at, for example a bitrate of 32 kb/s requires a score of at least 32000.

Figure 7 shows diagrammatically an exemplary possible frame
format for the test frame. Seen in this test frame are symbols originating from
two different standards, each being demodulated by a particular equalizer.
This is explained since preferably, to have a fine estimation of the quality of
the channel, it is the same equalizer as that of the waveform employed for
the subsequent phase of data transmission which will be used.

The test sequence can comprise an ALE frame preamble convey-

. ing the address of the called station, for example a multicast or group ad-

dress, followed by a first series of medium-bitrate symbols, typically of STA-
NAG 4539 symbols at 4800 b/s, and then of a second series of low-bitrate
symbols, typically MIL STD 188-110A symbols at 600 b/s. This type of frame
makes it possible notably to determine equalization errors for the various

types of equalizer of the post or station.
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For the two parts of the frame, the calculation for estimating the
signal-to-noise ratio on the basis of the mean square error is performed on
the constellation after equalization.

A numerical example will now be given to illustrate the principle
implemented by the invention.

A frequency plan with 16 channels is considered, which are split
into 4 sub-bands whose width does not exceed 200 kHz.

B1 = union of channels C1 to C8

B2 = union of channels C3 to C12

B3 = union of channels C6 to C14

B4 = unioh of channels C7 to C16

After the exchange phase, the following quality scores are obtained after test-

ing the four sub-bands:

C1|C2|C3|C4|C5|C6|C7|C8|C9|C1|C1|C1|C1|C1|C1|C1
o |1 |2 |3 |4 |5 |6

Measure- (5 |6 (10(0 |2 |3 |7 |9
ment B1
Measure- (5 |6 (9 (0 (3 (3 |6 |7 (9 (8 (9 |1
ment B2
Measure- |5 |6 (9 (0 |3 |2 |8 |9 |9 (106 (2 |9 |O
ment B3
Measure- |5 |6 |9 |0 |3 |2 (7 {(10|10(9 |7 |3 |10 |0 (1 |O
ment B4
Update 516 (9 |0 |3 (2 |7 |10|10(9 |7 (3 (10 |0 (1 |O

The scores of the four sub-bands are then calculated:
B1: 20850
B2: 35950
B3: 37250
B4: 37175




. "Update 56 9 032 7 10 10

10

20

22

In the example where a solution exceeding the score 34000 were
sought, we would stop after having evaluated sub-band B3. On the other
hand, in the case where the limit were placed at 40000, the four bands would
be tested and ultimately the best would be adopted, that is to say here also
B3.

It is therefore sub-band B3 which will be chosen, and in practice
the master post will decide not to use C14 (totally jammed) and probably not
C6 and C12 (very low bitrates whereas the other channels are passing and
therefore could even potentially go beyond the detected bitrate if they are
provided with more power).

The master post will therefore transmit a confirmation to the called post to
indicate that sub-band B3 is adopted and to specify the channels which will
be used for the commencement of the transmission phase, these channels
being for example numbered in order of quality:

C6 |C7 |[C8 |C9 [C10(C11|C12|C13|C14
0 |5 1 2 (4 6 (0 (3 |0

Message 1 — example of the format of an ALM message.

In practice it is this same message format which will be used when wishing to
indicate, in the course of the ALM (automatic link managemént) procedure, a
change of the frequencies employed.

It is noted that with this approach the sub-bands with more pass-
ing channels are implicitly favoured since the increase in the number of
channels does not decrease the power transmitted in each channel during
the test. However a sub-band with fewer frequencies, all of very good quality,
will obtain a better score than a sub-band with many jammed frequencies,
this being logical since it will make it possible to handle more data.

Having chosen the sub-band, the optimal number of channels in the sub-
band is calculated by calculating the combination giving a priori the best bi-
trate having regard to the peak power constraint. Typically it is possible to
use the technical teaching described in the Applicant's patent FR 11.03084

"Procédé et systéme permettant l'allocation dynamique de puissance et/ou



9 773 10 01 0 The scores of the four sub-bands are then cal cul at ed:

15B1: 20850 B2: 35950 B3: 37250 B4: 37175 22 In the exanpl e where
a solution exceeding the score 34000 were sought, we would stop after
havi ng eval uat ed sub-band B3. On the ofsher hand, in the case where the
l'imt were placed at 40000, the four bands would be tested and ultimately
the best woul d be adopted, that is to say here al so 5B3. It is

t herefore sub-band B3 which will be chosen, and in practice the master post

oL 02t 92 e ShEHTE bR S35pB R S, S
coul d even gWvARg idghamicosovisrydlpdatidre aniéioe aictididiioh imtaesyisternt kempasiag
i oprovided with nore power).

n channels].

If appropriate, single-channel transmission might be the best

s choice, and will be considered if it makes it possible to serve the need of the
service in progress. In practice it will be noted that bitrates lower than the
compatible ST4539 minimum bitrate, typically 3200 b/s or indeed the low-
bitrate 1600 b/s version, will be selected only if passing to low-bitrate 3 kHz
single-band. Indeed, in the case where it is desired to transmit on several

10  sub-carriers of "XL" type, the 4539XL waveform will be used, which does not
implement bitrates of lower than 1600 b/s on a 3 kHz sub-band.

Figure 8 shows diagrammatically by means of blocks the steps
implemented by the method in the case of its application to a bidirectional
communication.

15 With respect to the case described within the framework of a unidi-
rectional communication in Figure 6, the exchanges are doubled so as to al-
low the master post to evaluate the various channels Ci of each tested sub-
band. At the level of the quality decision, the objective is to allow the trans-
mission of both bitrates, and therefore to have both levels of service or

20 SLAtarget and SLAtarget2 satisfied. In the case where a choice ought to be
made between various sub-bands not making it possible to attain the desired
qualities, the evaluation will have to be done on the basis of an average of
the bitrates attained over each of the two directions.

Initially, the master post will define a set of possible sub-bands for

25 the communication.

In this configuration, the called post has here again by transmitting
its characteristics but also information regarding its SLA target2, 84b when it
responded in step 2 after having detected the call of the master post.

On the basis of this information, the master post determines 85

30 possible sub-bands and their associated channels. It can also perform an

ordering in terms of possible bitrate for the operating point corresponding to



The master post will therefore transnit a confirmation to the called post
to indicate that sub-band B3 is adopted and to specify the channel s which
will 'be used for the commencenent of the transm ssion phase, these channels
bei ng for exanpl e nunbered in order ofasquality: C6 C7 C8 C9 C10 Cl11 C12 C13
Cl4 051246030

the latency requirement and target error rate requirement. Let Bi be the vari-

ous ordered sub-bands, with i varying from 1 to p. The master post orders the

sub-bands by taking account of the directions of communication, master post

to called post, or reciprocally, in terms of possible bitrate at the operating
5  point, latency and target error rates.

The master post triggers the procedure 86 making it possible to
determine the first traffic sub-band to be tested, the sub-band B and its
channels f,"....... fus! and indicates it on the narrowband communication fre-
quency fj of step 2. The called post acknowledges receipt of confirmation of

10 the communication on the frequency fj. It passes to listening mode, for ex-
ample on 200 kHz on sub-band B4. The called post returns an agreement
message to the master post for a test on B;.

The master post transmits, 87, a first sequence of known symbols

on sub-band B4 to the called post. The called post, listening in on this sub-

15 band B4, will demodulate the My frequencies of the sub-band. Next, the
called post will compare the symbols received with the known sequence and
will estimate, 88, the qualities on the M, frequencies of the sub-band and al-
locate quality scores Qi for the My frequencies. The called post dispatches
the corresponding quality information to the master post. The transmission of

20 this information is performed, for example, in interleaved low-bitrate mode on
the M, frequencies or on part of these frequencies, the best ones measured
in the sense of the called post.

The called post transmits in its turn a second sequence of known
symbols on sub-band B1, so as to evaluate the quality of the link in the called

25  post - master post direction, 89.

The master post, on receipt of the quality scores will evaluate, 90,
the capability of sub-band B4 to respond to the needs of the services in both
directions for the SLA target and the SLA target 2.

If the sub-band B1 fulfils the conditions required in respect of the

30  service then the master station advises, 91, the called post, by using the se-



.+ 15Message 1 - exanple of the format of an ALM nessage. In practice it is
this same nessage format which will be used when wishing to indicate, in
the course of the ALM (automatic |ink managenent) procedure, a change of
the frequencies enployed. It is noted 2shat with this approach the sub-bands
with nore pass- 20 ing channels are inplicitly favoured since the increase
in the nunber of channels does not decrease the power transmtted in each
channel during the test However a sub-band with fewer frequencies, all of

very good qual. i many
] anmed freqt‘%&#&#%@ b?'h §1 %é?rtnrbe ?0% tgf"caglﬁﬁge |%&%Fﬁwngﬁ) |€§nposé|nbl eto
handl e nor eofl#iean cRaniidy selgcielics ¢tie lehvel sfithe balediedtdub-tptd. mal number  of
channel s in the sub-band is cal cul at ed bﬁ/ al @ﬂg}i ng_l hgf cqnbi nati on
giving a priori thdn3B&COBYRr3&CasEHYNGYS *é§ Oéé’ kT Jpa-
constraint. pifiPr&liled int rdspeBOBEithd &ohfnitfiGatidne theGheiheal follered 4
described in the Applicant"s patent FR 11. 03084 "Procede et systene

per met t aht hoengesdatthe satipa statigndhatelt usansidesinadbe pgxt Q@%du?%ﬂ f¥n dans un
systeme conp/e ?%Hmaﬂ &%@Hﬁels[ WE%QS@P%&V%EW@E&&E@ RSt Y Brdeer

al l ocati on and GUlation in a system conprising n channel s|.
appr opr i at epesdsiyl istehammosl ther sews isubdiand. Thgtrallee posé abbmW|5dQ,¢€orQ:e and

will be con3| d mak e service
in progr ess’ E{Qpﬁ‘fclpiaﬁtgr pf)s(iﬁm# E’Sﬁ&?ﬁ% mﬁ%ﬁﬁ%ﬁeﬁ‘r‘% %‘ng"t gﬁ'gtrh %mn t he
conpati bl e 5514&39hﬁbrbeafurdebcribeaitmevnbysiycal |y 3200 b/s or indeed the

| owbitrate 1600 b/s version be sel ected, gqnl

| owbi t t&te 3 kHz slpﬁg?é?aﬁeou?& "OMG%%%S%W ?ﬁé‘b&fﬁé \h}?eg‘@ﬁ? dngg'tt‘g]?& red to
transmt onageveitrblly, Q)ns't!l’lé'ti‘%afr’q‘si‘ri|t@r55|dl=,f andbn tfie/ RReiviel 8ided & Xlsupemtior m wi | |
be used, which does 'not inplenent bitrates of |ower than 1600 b/s on a 3

kHz sub- ban81 of the frequengy glane 8 shows di agrammatically by neans of bl ocks

bi di rocti onal - comm Batebno! Eareablia bReERaR Rlodd G SRRCITUER [T, P,

the framewoekt ﬁlftra%slhﬁlkﬁbn ah8Gh ir@csptiof QREBitireatio e tiniechhgUemaths Vdid
exchanges are doubled so as to allow the master post tg eval uate the

vari ous lehaRHbihe master pestAetersings anen-aug@gediselgstion of fleagengies fQfual ity
deci si on, ?’%}% Eﬁédt\ﬁﬁf'o? trraﬂsﬁnﬁsf&ﬁ AMEnial Al 5&le@l ienpyindLhamt es, and

therefore t ave evel service or 20 SLAtarget and_SLAt arget 2
satisfied. nelstineumabss witieh dlf@r@NGI the twegtitectionp of tragemissioRedhisvaR- ous

sub--bands n I lities, the
eval uati on &’}"fam%ﬁavek%s it ggésﬁgg%gtrp%{ ﬁe‘s%"r&aggﬂﬁ PB&I 5@?2’5@ of the bitrates
attai ned ov@&usegiamgthet livek AWM di recti ons. Initially, the
mast er post w | defl ne a s% of _possi bl e sub- bangé for 25 the

it

conmuni @t i on. A sub-band it having:Begn Blﬁ’s&t”r g AtRPrecaquey aﬁ%%’fj'nlgas her e
again by tr ] t R ddP8s [Egar di ng
its SLA tar 3‘2?@ h&hﬁﬁov%éﬁel ﬁ%%?p%ﬁ\ddg‘% in s ep?%ﬁgip% 9&5@ ng ded?%ct ed the
cal | of theasdbé Al Epostedua is mat relasinshesf. this information, the naster post
det erm nes 85 . : . : .
Figure 9 shows diagrammatically an exemplary incorporation of
the ALE procedure according to the invention in an ALM diagram.
25 The modulations and therefore the bitrates used on each channel
may or may not vary over time, and likewise the choices of the channels
used inside the sub-band will be changed dynamically by virtue of ALM mes-
sages.
It is the master post which manages the optimization of the use of

30 the band, in view of the scores uploaded in the course of communication by



'30possi bl e sub-bands and their associated channels. It can also perform an
ordering in terns of possible bitrate for the operating point correspondi ng
to 24 the latency requirenent and target error rate requirenment. Let Bi be
t he various ordered sub-bands, with i »sarying from1l to p. The naster post
orders the sub-bands by taking account of the directions of communication,
master post to called post, or reciprocally, in terns of possible bitrate
at the operating 5point, |atency and target error rates. The

mast er post tr| rs,the dure 86. maki ng it . i bl ne the
first trafff€ %?%ét?d'opc;'ﬂooﬁ@s]?gﬁ,OPF?I8W§L%‘-a9'5n538f88§'eas#§"$$‘§q§h§rﬁtnwel s f11
Ni | and i ndisgaté&gingt on the narrowband communication frequency fj of step
2. The call ed post acknow edges recei pt of confirmation of o the

comuni cation on t hEO%T &BYERIGANeSt |t passes to |istening node, for exanple
on 200 kHz on sub-bgpyd_Rle Jég%t.saért SQeRééjtlnﬁrq%Héﬂérnﬁllé AEPSENERD afESsage to
the master post for a test on . master post transmts, 87, a
first seguef8e of known synbol s on sub- band Bl to the called post. The
called post, liste b 1 u the ML
frequenci es of theni bangn“%\‘{e%rfowae cah %?s{rame réi%“%r%ﬁthhe synbol s
recei ved w bhratétmdnagamesteqmadereafm‘ exaniple gt itaughd in 88% Applicagtiabra-i es on

the ML frequengies of  t sub- u for the
ML f requencPESH e Relat aamyaatenr Bnn oded Fibtedt BLalsteriF Rsletent v

i nf ormati onralRchtién rﬁbu@@%tpmd'dm&reﬂaa mhédlstiorodanzOurt by:aennefdmmratl onis
performed, for exanp terl eaved | owbitrafe npde o I?ﬂ%%/ll

f r equendf es PEINaBhH ”p‘éﬁ'taudf [Mﬁg‘é’é NG GYHRE alowipg Lypaayc BHE@ Y@8d in the

sense of thgngRl hf'ddul?ﬂl%h in a system compﬂ_slﬁ%ﬁ%hlaﬁﬁeIBPSt transmits inits turn
a second sequence of known synbols on su , SO as to evaluate the

quality of the I|inkl@h-tthe next step isspetap of aptimigatignsalcalatiar Withnthegg
The master Bﬁéﬁze & tﬁgcﬁkﬁne@f ahBct Halnhbﬁ ?Cﬂq@%%ulah&t’%rtdatc% ding0, the
e s 0

capabi lity of sub-band 0 resp on 'need e services in both
directions komerhés SLA target and the SLA target 2. If the

Pl band, 51 10 11 A0 €0 hid 008 M o Beh SHOF ey TORE 1Lo° e

| ect ed sub- BaniteBsbughél théye communi cation bet vveen the t wo posts can begin on

the n channels selected at the |evel of the sel sub & I n
the converse case, Ufren 9968 t"l!)eaHEPprabeetEel?Bf' 'QP %'ne'a g1 FhaNger equi r ed
in respect goftHd¥hapagRUNI cation, the nmethod fol l owed an- nounces to the

calling station that it is consideri ng the next band Bl and for the
associ at ed channel s105ghe ifrast #e pirsterapretolravyas tlhéc@ﬁ"t%j Be 9fr B€eeds to

e e A o TR N PSR,
been descr i lseiicipit@bectakéry into account, to the transmission of the data in the new
configuration of channels,
105 b — otherwise the proposal of the optimization step does not
involve any change of channels, then the autobaud fields alone will be modi-
25 fied to indicate the new choice or choices of modulation based on channel
and the change can therefore be applied forthwith,
106 — in the case where the proposal of the optimization step is in-
compatible with the service sought, then the ALE method according to the
invention is relaunched at the level of step E1 or at the level of step E3.

30 This mechanism exhibits two aspects:



ioln the case of non-response on a sub-band, the nethod switches
automatically, on the transmtter side and on the receiver side, to a
sub-band B, +1 of the frequency pl an. In the case of an alternating
bi directional node on channels differemmt in transm ssion and in reception
the bidirectional timechart remains valid Isbut the master post determ nes
a non-averaged sel ection of frequencies for the two directions of

toransm ssion and nay al so succeed i n enpl oyi ng channels i n number which

di ff h
possi bl 6 not abl y. 0 GUSTTUEgnnRarersBRson i Tpesdods FBAHE R o BRaETL 2

20A sub- bandfiBeque@golbeeismmaen t he ALE procedure accordl ng to the
i nvention is term nated and the AEE‘nd remai ns, un hang Egs Ion as the

ALE procedure is nct —&IgigHBEERSS the procedie jipen tically

an exenpl ar yabd & MGER I ABWRS theiGerdlcE gredur e according to the i nventi on
I n an ALM di agram The nodul ati ons and therefore the bitrates used on

each chahfnel may or4an;U\Mﬂth$éﬁf9fQ)9@|*Cﬂeidriﬁ termgiof carakildeta iNsomesRtees of the
channel s _UsEbrbiiilE capaoiyBARfh 4 e Bf ﬁamgﬁ%@g@%%ha y gl rtue of

ALM nessages e station and optiona Its own anal ysis of
the sub- bandsefkband bitalse oeskingi pogsidle- toselaingle theqmﬂumfprchME

[ amsm ssi oS Pana ol i coRF Rk qiol B Svily GG YRz propeion 7

managenment picetadidrerelated texaérmluehmofttaugjsbblenchafmd%p@rhd tathe sempiceposal for
a patent of .invention FR 11 03084 " Procgde et Iésteme er nett ant

*al | ocdfi othal{heyaigableite OffRrde feiation.io 18 SRBIRA BATBHESAns un systerne com
10pr enant n canaux"gy M@}d&ﬂﬁg anid thieshem af b@rWRBﬁblﬁi NANhE Jepves saligmcat i on

and/or nodul ation in a system conpri Si n? anne
with a margin, it is therefore p053|ble o decide to relaunch the ALE proce-
dure before losing the communication totally, as illustrated in Figure 9, this
possibly enabling a signalling message to be transmitted indicating that the
15 ALE procedure is relaunched: it is proposed to dispatch a message convey-
ing the information of the sub-band that will be tested for ALE and its target
frequencies, multiplexed on the whole set of channels which are active at the
moment of transmission and are used at low-bitrate, as in the standard ALE
procedure illustrated in Figure 6. This will make it possible to accelerate the
20 procedure by avoiding having to again pass through the initial phase of
searching for a first passing narrowband frequency.

In respect of the ALM messages regarding updating of the select-
ed channels, it is possible to use the same format as that proposed in respect
of the ALE procedure result message, namely a binary vector of the various

25 channels present in the frequency plan for the sub-band considered. If the
frequency is selected, the bit is set to 1, otherwise it is set to 0.
ALM Info | ALM co |C1 c2 |C3 . Cm-1 |Cwm

Info




103" - the next step is a step of optimzation calculation with the choice
of the channels and their nunber, the nodul ati on and codi ng schenes, 1s104
- is the proposal of the optimzation step conpatible with the service
sought, then 105 - does the proposal of the optim zation step
i'nvol ve a change of the channels, 105a - if so, the master post forewarns
the call ed post of the 20 change by an ALM nessage 107 before swi tching,
with alag to allow for this switch to be taken into account, to the
transm ssio t he new onflq%uratlon f chann

e o™ ot PAnghet PorsiBlf gb o OMuR? th B9 nidtehse 1RD cRnreld REA Bscend- 1 o1 ve
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the change abifietaesteffhpignaling BiatisMorepXRRAStus, in terms of bitrategs - i n t he case
where the proposal Iﬁforﬂmoqmdrmezﬂfe' acsd e fbﬁe%]@é’tfﬁ@;at%bmnﬁ Wig Brd-he

servi ce sought, then the ALE method according to the invention Is
rel aunched posachie dlsw iiclusie inttee AEM aslaxt mtenbamlwépr DTObm%f;b\eE@anBQWhl S

mechani sm i Qé%%%o e £ EShiuni Slon Th mech |srP qﬁ éjm?es filSple

transm ssi on nessages regardi ng chan ge o cies to e listened
to, use@in thet ALE| mocexhes vithieh AbEsrpltscpedwd@rmv@m thta wheatiosls

det eri orat f, Lhe 4G ALM i s. 1 f
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al | owi ng OnclﬁMélmﬁrd”&@Idwﬁﬁlaﬁ@%rg@f eﬁuﬂwemyhe waveforitswhich draindibeut al so

meking it possible to relaunch the procedure for choosing band before the
conmuni ¢&t i BRed-dnRrder P arlyraipipaly disturk thg éEWW'%‘@Hdﬂ%ﬂQrﬁé? af‘@d to the
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offer inrelation to the service I n progress. adjusting this
t hreshol d obedwansatitterd in pgraliel eméhes pavpwbanrdghmnelitested tmmgarrhs ofg js
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enabl i ng a abytwadégrade mﬁaessagmurmcatment hathmaseema bncbadlaammganhatsstohe
15 will comprise the data carriers and also the probing carrier in one and the
same transmission. The information regarding quality obtained by this prob-
ing will be used to refine the estimation of quality measured in reception by
simple integration of the noise. In order for this probing not to compel sys-
tematic transmission of an ALM message indicating the additional channel to
20 be listened to, it is proposed to adapt a simple mechanism as follows: it is the
ALE or ALM message which indicates the launching of the probing mecha-
nism, for example by using two ‘ALM Info' bits positioned at the head of the
message
- - 2 bits (b1..b2): compiementary probing mechanism
25 e 0: no probing in progress (or stoppage of the probing in pro-

gress)

1: launching of the probing from the first frequency of the plan

2: launching of the probing from the n/3 th frequency of the plan

3: launching of the probing from the 2n/3 th frequency of the

30 plan



15 VALE procedure is relaunched: it is proposed to di
conveying the information of the sub-band that w'll

its target frequencies, nultiplexed on the whol e set
active at the nonment of transm ssion and are used at
standard ALE procedure illustrated in Figure 6. This

spatch a nessage

be tested for ALE and
of channel s which are
lowbitrate, as in the
will make it possible

fo.apcelerate t he 20procedure by avoi ding having to again pass through the
i.-nitial phase of searching for a first passing narrowband frequency.

1n respect of the ALM nmessages, regardin dating of th | ect channel s,
it is possiblé to" Bbﬁ (?%'g"gr‘r%fofrﬂ e %rcﬁﬁ%yssH%SSQgﬁmﬁ%ﬁf‘onogee% Nof the
ALE procedure reguiHe AesHan@els oRtRl plad i ey yub-bahdrcodkidehsd (@akous

25channel s present in the frequency plan_for the sub

-band considered. |f

the frequency i schasnelsitbarefense By ¢efpult8zg0i0 1, otherwise it is set to 0.
ALM I'nfo ALM I nfo @r%]re%%h%%z 0: chdri®el nétlsed? 11 channel used

5 This mechanism could for example be launched by carrying out a transmis-

sion on two consecutive frames, before changing to the
used in the plan and so on and so forth.
The values nb frames, speed of change etc. will have
tests.
10
The method and the system according to the

next frequency not

to be validated by

invention offer the

possibility of a broadband link setup and link sustaining, grading the channels

used, but also makes it possible to accelerate link setup for asynchronous

posts and to be compatible with existing posts.

15 The invention offers notably the following advantages:

e it is an HF broadband link 'setup solution which remains compatible with

20

25

existing standards, subject to a choice regarding the existing standard
in question,

it allows an improvement in the speed of link setup between all the
posts in which this mechanism is embedded or those communicating
with asynchronous "legacy" posts or synchronous "legacy" posts ac-
cepting the updating of the frequency plans by radio,

it allows effective interaction of the ALM with the ALE by relaunching
the ALE directly in phase 3,

it is applicable without it being necessary to modify the existing ALE
standard, and therefore without breaking the interoperability with
equipment not modified according to the method,

by starting the communication as soon as a suite of resources that are
compatible with the need is found, it avoids having to test very many

configurations to select the best, this not being useful when a worse



00 ... 01 28 Another possibility is to nunber in this nessage the
channel s in an ascendi ng manner, increasing as a function of their use in

t he sub-band of interest, at the cost of . a signalling that is nore
expensive in terns of bitrate. In ordew to i nprove the procedure for
evaluating the link, it is pro- 5 posed to also include in the ALM a sl ow
mechani sm for probing the channels that are not used in comrunication. This
nechanisn1enp|oys t he principle used in the ALE procedure which transmts
‘pseudo-random 4 / eval uate
t he perfor rrancecaodﬁigf'%é'\éﬁ r g&degsﬁanne éﬁg) g&%’ & @ﬁ@ldg tﬁ% d%g" géﬁal i zer of
t he wavef or m whyiedy coul d be 10 wused. In order to only nlnlnally di sturb

t he conmuni cation in progress, the probing data will not be nultipl exed
with the useful data transmtted, but will be transmtted in parallel on

t he narrowband channel tested by neans of a specific carrier conveying a
frame simlar to that described in Figure 7 so as not to degrade the
comuni cation. In this case the broadband transmi ssion 15 wll conprise
the data carriers and also the probing carrier in one and the sane

transm ssion. The information regarding quality obtained by this probing

W ll be used to refine the estimation of quality neasured in reception by
sinple integration of the noise. In order for this probing not to conpel
systematic transm ssion of an ALM nessage indicating the additional channel
to 20 be listened to, it is proposed to adapt a sinple nechani sm as
follows: it is the ALE or ALM nessage which indicates the | aunching of the
probi ng mechani sm for exanple by using two ' ALM Info' bits positioned at
the head of the nmessage - 2 bits (bi..b2): conmplenentary probing nechani sm
25 0: no probing in progress (or stoppage of the probing in pro- gress) 1:
| aunchi ng of the probing fromthe first frequency of the plan 2: |aunching
of the probing fromthe nl3 th frequency of the plan 3:

| aunchi ng of the probing fromthe 2n13 th frequency of the 30plan



29 +'n bits (b3..bn+2): information regardi ng use in conmunication of each
of the n channels of the plan in the sub-band considered (nmax: n channels
therefore). By default n=30. For each bit: 0: channel not used / 1:
channel used 5 This mechani sm coul d fos1 exanpl e be | aunched by carryi ng out
a transm ssion on two consecutive franes, before changing to the next
frequency not used in the plan and so on and so forth. The val ues nb
f.rames, speed of change etc. will have to be validated by tests. 10

The net hod and the system accordi ng &gikge invention offer the possibility
of a broadband link setup and link SLI%EHFHng, gradi ng the channel s used,
but also nmakes it possible to accelerate |link setup for asynchronous posts

dtob tibl it i Sti ts. 15The, | ti f t abl
The 1ol | ow 1o SHEPH for astebIshing, andalrpia, AR F | RoEREEINE AT on v ch

remai ns CONMReHrhdMte withintheftathéwark dfansidadband® BbinRfinidatiod, heNaiesysgar di ng
the existing standard in question, it allows an inprovenent in the speed

of link Set tgnBempesingatiease 20 posts in which this mechanismis enbedded
th M M M - " " .
or those commynj cﬁ?ét'rﬁgst@f %ﬁgﬁﬁ)ﬁ%@ﬁﬂ&%&f(%%ﬁﬁ%e fBPﬁEﬁsrﬁLtltrl] %;?;néé)-nous

"| egacy" posts accepting pdatin reguency p radio, it
al | ows ef f esages don thiecestablishmentt afhee cabivhunitationhwitih\leEdbsiradeiShdntangetg t he ALE

di ly i h 3, .25 it i | I . i i I
modi 1y @ he SOVEET M AREPoRLAMPENG Ao s DRt it By dTE R e
i nt er oper abfitst tyntvslleh (BHUi pnent not nodi fied according to the nethod, by

starting the comunicatign as soon as a suite of resources that are
conpatiBfe withad tgesond salled OPBIm%f]'C?ttO"aP%td(s”%&@mP@'stnS @ﬁpo%r@d'ﬁany

30cont | gUr alrhAgRIEAIERIRE (18P Shooridchuidiér @9)n0 Useful when a worse 30

, . t . , .
configuration nonethel ess nmakes 1t possible to provide the desired service.
the system is characterized in that:

e the first master post (10) is suitable for transmitting a known test se-

quence, Stest, on a sub-band Bk to the second called post (11) as soon as

15 the said second called post (11) acknowledges the fact of switching to prob-
ing mode to determine the best configuration to be adopted for the estab-
lishment of the link,

¢ the said second controller (17) is suitable for determining quality scores
on the Mk frequencies of the sub-band Bk and for transmitting the said val-

20 ues of quality to the first master post,

e the said first master post (10) is suitable for determining the capability of
the sub-band Bk to respond to the SLA target service, a sub-channel on the
basis of the scores of qualities received, and for selecting the sub-band Bk
representing the required capability, and thereafter for triggering the commu-

25 nication with the said second called post (11).

2 — System according to Claim 1, characterized in that the communication is
bidirectional and in that the second post (11) is suitable for transmitting a
second known sequence to the first master post (10), . the said master post

30  being suitable for evaluating the capability of a sub-band Bk to respond to the



31 C ai ns 1- Systemfor establishing and sustaining a |ink ALE (automatic
link establishnment) within the framework of a broadband comruni cation, the
said sysbtern conprising at |east: a first master comruni cati on post
(10) suitable for transmtting a message for the establishnent of a

comuni cation with a desired SLA target service, the first post conprising
a first radio transmtter/receiver (12) and a first controller (14), 10 a
second cal | ed conmuni cati on post (11) conprising a second radio

char act er | 2850} Rl SCArAR T eRieR BTAERRID [ o8 by SR, o7
transm ttinffom theonastéesdst $ethectutied pSseanid vioa versaub- band Bk to the second

call ed post (11) as soon as 15 the said second called post (11)
acknow edges the fact of switching to probing node to determ ne the best

configuratign B?st@ﬁh Qé'éﬁ?ﬁiﬂ thQlainha , ephRbldrigbd®Nthafthé RAid filkmaster  the
said second confroller is suitable for determ nin qual ity scores on

the M fﬁqu@ﬁm@sca@pnmét Obcomntiseskmaans {4 suitabls for detagnining assgtd
val 20ues of ,Ayali rﬁﬁleso &ﬁ%gfdallsﬁecﬂﬁ%ﬁé R the esltaﬁligﬁn-%ﬁ{ de Gid. aEFovaSt er
Ity o

post (10) is Sunt eterm he capabi the s band Bk to
respond to baed ﬁ;mbeu\rayetthsélrsnmesterap@lmi@)remh'éﬂe momeosh@ﬂébmak-he scores

of qualities recei I r fin t he
required caB’gb?%o{"épg%ﬁgu'gﬂé’%eofct%gsﬁ%'hfpprt?gﬁ% gl%ggtgﬁ {[r%% Sggﬂl ca? ion
with the sated mmdnqaidneyl @[@@btuﬁd.b))mt bf-théya’getreaccwté; the aidGreai m 1,
characterized in B rhcatlon is,.bidirectional and in that the
second pbst dvgnAges e'EﬂluFSBIdH”T‘%F ec?%{H@Hf‘{c?f%r%g”?é ond known sequence to
the first master post (10), the said master post 30being suitable for

eval uati ng the capability of a sub-band Bk to respond to the 32
— System according to Claim 1, characterized in that the first master post

(10) comprises means (14) suitable for establishing a narrowband communi-
cation linkup between the first master post and the second called post, for
15 verifying the compatibility of the called post with the 4G mode of communica-
tion and for continuing the communication in a mode compatible with the

called post.

5 — System according to Claim 1, characterized in that the known test se-
20 quence St is composed of a frame comprising a header conveying the ad-
dress of the called post, a first series of medium-bitrate symbols and a sec-

ond series of low-bitrate symbols.

6 — System according to one of Claims 1 to 5, characterized in that the com-
25  munication system is a High-Frequency broadband system and in that the

first and the second post are HF posts.

7 - Method of broadband ALE link setup and link sustaining between a first
master communication post (10) and a second called communication post
30  (11), executed within a system according to one of Claims 1 to 6, character-

ized in that it comprises at least the following steps:



needs of the SLAtarget services, SLAtarget2 in the comrunication direction
fromthe master post to the called post and vice versa. 3 - System
according to Claim1l, characterized in that the said first master 5

comuni cation post (10) conprises nearss (14) suitable for determ ning a set
of frequencies termed call frequencies fA for the establishnment of a
narrow band |ink between the first naster post (10) and the second post
(\11) by taking account as a function of constraints in ternms of requested

bitrate, permt Xi mu at enc erati p0|nt of .the t et _error
rate, the sai'd *Pf‘ese%a*feﬁTEF %/’H t 5&3?1 na O["h%aﬁmﬁg'?'f%ﬂ request .
4 - System accosdiashddfréduindy pl nc@ﬂ@ra,@lerl zed in that the first master

post (10) conprises neans (14) suitable for establishing a narrowband
conmuni - cat ieonThe fikgpnagiesemmunicationsposied Phirapeits #hEOTAWINGIBRd cal | ed

post, for 15 Ve&gﬁ%tﬂlglg&%begfe ARat éﬂbh dobt Bh 4 hie G@Aclyeﬁjaﬂasﬁalf@ fop |thhe 4G

node of conmuniC con I nui'ng e co ni‘cation in
conpati bfe w t hacknewtsigeetenposcall <5etec®,vst em according to Claim 1
characteri zed i

frame compristn Eh%r?'ﬁ%a’ag?etelégﬁwrﬁgattpﬁgp%%o(ﬂgg nge ?%g% Qlfjg%@%n? SeCIaO;l ?st

series of rredl uparidistfopthe confaghisatdil a second serl es of lowbitrate
synbol s. %Qsjtem according to one of C ains to 5, char acterl zed in
that the cor - JEhe A eampster $pgtnapRication PPthUﬁ?ééﬂ]ESn&P shannabniyalifyst em and

in that the fi réﬁlcﬁ’\ r[(&%cé&?r% |ﬁirn§ Hendistest sdquenlRtth @tk Shigbr oadband

ALE |ink setup and sust ai ni'ng n a first master comruni cation
post (10) and asexmmdrualleaICDﬁmnwmﬁhmm&bﬁ Sptds@al@d(cpn)muél%@m pestwi thin a

iﬁi;?{"SZSCS[dIQ 2 efFnts B ehdheS o ML fhaudhs byl dlo-

conmuni cat i on pieatd Bkland metnrtraitsamtitmesmnaltjes nmmeampstedebmmmatbquency
plan {f1,...fn}, bost (10),
e The master communication post determines on the basis of these quali-
15 ty scores, the capability of the sub-band Bk to respond to the awaited
SLA service, and
e selects the said sub-band if the latter makes it possible to re-
spond to the SLA service requested by the communication, or
e repeats the sub-band search steps by selecting a new sub-
20 band Bk, or else
¢ in the case where there no longer remain any sub-bands mak-
| ing it possible to attain a quality higher than the best quality
found on the previously tested sub-bands, elects the sub-band
exhibiting. the best quality score,
25 e The master communication post determines the sub-band to be used
for the communication, confirms to the called communication post the
selected sub-band as well as the sub-channels adopted and starts the

communication.

30 8 — Method according to Claim 7, characterized in that it comprises a step of

determining the possible sub-bands in the following manner: once the called



The first master communi cation post (10) transmits a conmuni cation request
nmessage to the called post on a frequency fi and waits for its

5acknowl edgenent of call detection, The first naster conmunication post
(10) has a set of possible sub-bands fzar the communication, The first

mast er conmuni cation post (10) starts the channels quality cal cul ation
procedure by transmitting a known test sequence to the said o second call ed
comuni cation post, the said called conmunication post (11) determ nes the

These val uoloRdHbatialh e Eal ARfeCTaR o, detenty v sqd Bpudd s 1o 1S

comuni cat i gan§iARd ité aifermmatioasegardimefréqedrtyPlart healriegumid itd pést chapres, the
capability of the sub-bhand Bk to respond to the awaited B A service, and
sel ect s t hea&tgligtics, B0 Hcsaid “?arf’éerl%ﬂsﬁjg?teﬁ@% the ppsriliesue-Ra9d8e- spond to
the SLA service requested by the comrunication, or repeats
t he sub-band search steps by selecting a new sub-20band Bk, or else in the

case whefe BheMethed lasaeidingr tenane cdriylaisi 78, rariasterized dodkatolhe t o
attain a qualj hi . Lhan. g f : i.oysly
tested sub- gé#\qh?sﬁ,nmglgigﬁt'sstat ﬁ‘g"éél}@-“%g%%m@ﬁ’!' altt'%spnwﬁe@‘%éy& C?S%ﬁélts yé{scor e, 25
The master (eastihe édioiving pteps: deting therransmissiombobthedqualith ecorsedolf-or t he

comuni cati gn nfirns to, t call.ed cq ni i R S t ed

sub- band asi)%qch)ééh‘? ﬁgc%rlﬁjog qﬁgn‘ﬁ%ﬁt oraﬁ8%@”@?1@"%3?%%%&3@0%% cation.
34I Ioozt has trdasrmiab edcbNE kiGN sdqlieriel tonhe mstém?d‘st,&ﬁeleammfaéter bbal sai d

call ed post transmits jts infor i on regardin requenc n gualities
and 11 s ThosiherrRiNates e 6apabTbhdl 3 Fa-baNS Eifde fesPOinD e BRI AEDEL he

possi bl e suli hgdigét serices, Rt BE FOhEicBthrhhiestRnirdetioh Femthaifad,
characterized inthat the communication is a bidirectional comunication
and in that teriposbieghe salledpostansvieeneersal | owi ng steps: during the

transm ssion of the quality scores obtained by the second called post for a

sub-band Bk, the second called post transmts a second known sequence to
the master P0stMethod axzbdiimpbt @laimds tha@ctenizad évtiat Heegualivescapabal ity of a

T e domanruls TRV Be R RLTe hah A Bl SEuE e 3 i FEnahEL o5t “and
vi ce ver sa. pitratdthavktideskt aiCbé dbledotrecdi@bomtile clidratehcoesidered. i n that the

quality score of a 15channel is evaluated by a post receiving a test
sequence by estinmating the

11 — Method according to one of Claims 7 and 8, characterized in that, in the
case where no sub-bands satisfying the quality required for the communica-
20  tion are found, the method selects the band exhibiting the best quality score
and updates the scores of the various channels by the most recent tested

value.

12 — Method according to Claim 7, characterized in that it comprises a step of
25 narrowband link initialization verifying the compatibility of the mode of com-
munication between the master post and the called post and in that it contin-
ues the communication with the compatible mode found or terminates the

communication request.



bitvate that the post will be able to receive on the channel considered. 11
- Method according to one of Clains 7 and 8, characterized in that, in the
case where no sub-bands satisfying the quality required for the comunica-
20 tion are found, the nethod sel ects ishe band exhibiting the best quality
score and updates the scores of the various channels by the nost recent
tested value. 12 - Method according to daim7, characterized in that it
conprises a step of 25 narrowband link initialization verifying the

conpati bili f the node.of, commugi cation between the master post, and the
cal | ed post I'%ﬁﬁ\"?{’wﬁr?&POﬁdfngc‘Bn‘?'szsdﬂ{aC‘EB mtgﬁi'ittBﬂmW'?‘?F?ﬁ P&npati bl e
node found mik infialZdtdhassind'e besyapant Galled postasiitable. for Mdnitdringd\edveesl
according to Claim7, characterized in that it conprises a step of |ink

initializat freauengiefatdhesaagsin®t cal | ed post suitable for nonitoring
several frequencies at the sane tine. 514 - Method according to Caim?7,
characterized in that it uses as test se- quence a nessage in the formof a
frame cofrpodéd bethod aeenrdingddeClamont ghaiasterized indbateit yses asHestcsg-| ed post,
fol | owed by g ' f [ [ | S series of
| ow bi trat qutfﬁ eo%én.ess%qgﬁlmﬁéﬁﬂﬁéﬁ%ﬁ%%’g@%&pﬁ aa}sfr'rqg qg?gdcer?g?g%ﬂj erized in
t hat the syingahe addesbsasfehe balteshpdst ofivllowed by tahfest seriesvaf meditmtbitrdBK, QAM

16 - Met hod di to daim?7, .ch ' in that th icati
pet ween { heS FAGRE AT tRaT SHES oL NEAURI BRIy cst abl | Shed,  then Lhe

in-15formation transmtted is transmtted nultiplexed on all the pathways.
17 - Method according to one of Clains 7 to 16, characterized in that an HF
br oadban® CaﬁWMegmqg@(pp%@ﬁg to Claigr 43, characterized in that the symbols used

are chosen from among the foIIoWing list: PSK, QAM.

16 — Method according to Claim 7, characterized in that the communication
between the master post and the called post being established, then the in-

15 formation transmitted is transmitted multiplexed on all the pathways.

17 — Method according to one of Claims 7 to 16, characterized in that an HF

broadband communication band is used.



