1 I\/Et hod and system for desynchroni zi ng channel s in nulti-carrier
comrunl cation systens The object of the present inventi o
Tret hod and a 5 system for reducing the peak factor ratio Ilmmwﬂﬂ@m “H‘Larm er
gomuni cati on system The nethod is used, for exanple, i requenc
HF comruni cati on system | h the present. descu Z the—wor ds
pat h or channel are enpl oyed mterchangeabl y to denote a data propagatl on
and transm ssi f capacity
outside of the I|ne %g%h%mé?r %“Lséié"mk hh&bggﬂﬁt&?ﬁ@ﬁsﬁl?b%gﬁrﬁ i nmpl enent
| ong or even very |ong haul cmmll@'&?t'@h§yf§\!iem$out requiring the use of a
satellite. 15The technical context of the present invention relates, nore
particularly, to the use of a plurality of HF channels (so-called
mul ti-carrier usage)Thgsoe@dpysted nrasertdnntior deldgtem o snmethedandB Annex F
- known to & p%gé:t?r'ﬂ RKirkdih 'met%k%Emr ré’tlo""f?l' Ehn Iﬁ cgﬁép chipffinidgotise of two

3 KHz or general - purpose arrl ers describ he patent application filed
by the 20 Appgystemnt Thendesthedes NaseeiR @E)IGPK%'MGWIH] ¢h el Jtesieen@ortdi deri ng t he
use of a plur entional channels or paths with a typical wdth
of 3 KHz ban %%W'C%}'mrr%r g:m{t hat .can al so be channel s such as those
proposed in the stardathg RrasesiTDesentiogsdhanwesds Dpailli Oh ehanasl @hs of 3, 6,
9, 12, 15, 1 r I i lity (in
BLos mode) ot "FRAeFnftukBeart K Beh AP U3k, ppiRah T R ERT s i cn -
range typit@alchgnrielom 2 to 30 MHiz) on the layers of the ionosphere, |ayers
whose qualities are not stable in time and in space, which leads to strong
propagation channel variations. To this channel instabili tg is al so added

é

the ever-present 30 tHodskonetebly efferdl caracdntoutsdept &9 Wy Pheiobt 87

intentional @ RAICH BSked pQ)@EIBFeCfél ﬂplé’%ﬁerﬂ'lgﬁﬁ oY"fé@Qn LBg nghide part of
the HF spectrumis |ess great ite its i'nstability, the

channel offetcgmmﬂ@'qaﬁ@r@r\élmOUbfeqalrlnsM%gsefera%ﬁ haul comuni cati ons

Wi thout s being necggsadcknicql bhtekt @ERhOYpBs&RMRlERRhCIAEs CRHFE Y
infrastructure, unlike satellite communications for exanple. Wen its

better steal PAticylagy.sle Bensedbraepluralib of dR shanpels d#eycalled multieariessi onal s
are seeking tu@a@é(]‘érseﬁéﬁosfea% el stadfs MIE SFDEBeM dF Rnddx B kidign tofs SOl ut i on

has been propose Dovenent i oned patent application for considering

the use of aPgrsePaskilled in e t, NHZWE'ﬁ'éHﬁéﬂ%C”b@Sntf‘Pg*Wu@f #¥o 3dtHz Ph order to
g;gheve hi ghgenerafhithodt afrRts HebHRRYCInZMekPaEMt BBBlichitth WRAI By Qhe t he HF
20 Applicant under the No FR 10/04650 which proposes considering the use of
a plurality n of conventional channels or paths with a typical width of 3 KHz
bandwidth or more, that can also be channels such as those proposed in the
standard MIL STD 110-188C Annex D, with bandwidths of 3, 6, 9, 12, 15, 18,
21 or 24 kHz. _
25 The long-haul communication capability (in BLOS mode) of the HF .
links relies on the reflection of the HF waves (which range typically from 2 to
30 MHz) on the layers of the ionosphere, layers whose qualities are not
stable in time and in space, which leads to strong propagation channel
variations. To this channel instability is also added the ever-present
30 possibility of different interfering factors, intentional or otherwise, in particular

at night when the usable part of the HF spectrum is less great.
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10Ag¢cordi ng to Shannon's theorem the bit rate can be augnmented either by
augnenting the spectral efficiency or by augnenting the band used. At the
present time with the HF systens al ready operating with high spectral
efficiency, the decisive gainis expec%ed of bandw dt h augnment ati on
strategies. Two mai n approaches can be€envi saged: 15 a w dening of the
standard channel structure, as proposed in the standard ML STD 188-110

revision C which prodsgesit wstatbh@y WecHihneNARACIS iMBrdsPoldlotiiig Bandwi dt h,
the use of a plurality of standard channels, typically 3 KHz, concatenat ed

in order to (59tAY OB MBUNGAtENS: | WiHtoub dh ARINgt ﬁeceﬁawoto drepdeRey i t he
“Applicant’'s yp %ﬁ&f‘tora&gtlycﬁ?rhﬁﬂﬁtfg %9I|@§§@Ilﬁ’é‘%0%ﬁ1%é?l§9§3for This

approach is corrpatl ble wth the use of w dened channels, since such

channel s canexp@plep¥Vhesnitsabetipitsierith is also considerethdhisj p@laingopPpdlih r ai ses

the probl ein gfortfordkpdreaikihg Yo Rtrdabe tranievdted brreraddn theHFamRS. £f fi ci ency
in the case of operation on a partially 25 occupi ed band The

second appr o&etionheg fpeﬁﬁki%fgp?%edp'ﬁs@ﬁ @t@vgweg@n@gtpqﬁmrﬁmhgat@p f§bod

quality, rai %6%.&&}%9%9%6@ gfplﬁramy Fhe@\'ks kﬁgtcﬁénnetm%n@ohe ob AYt, ihe
variation of the anplitude of i mum val ue (peak)

and its aver&@@rﬁ%laﬁ@evw"%e'ﬁ P%ﬁfﬁ“tt?’orr?é?ﬁ GbPéef 8??‘@’&) f%' tf‘% upgfg 4 dh% o bet ween
the 30 peak wHpngand the average val ue (or Peak-to- Average Power Rati o,
PAPR) for operating correctly with the power anplifier

One
t echni cal "pr obl em t HCOIANG S ERANNEN SHBRRPEY éheag't f3jp | BRLe ﬁ‘éﬁﬂ’?"ﬁeq imt the

peak factor @fthér BWHUgimerBhd thRIspeaiya cffidhcy or By b@gmérﬂrngcme Bifeedddve use of
unconnect ed bands for one and the_ sanme HF or other wi de band |ink and

t heref ore t oAhtheoRiepent t'f'??ew'ly%g‘edf”: sygtems cleadyereafating with high sReftalr e

conpati bl e Wettltidnbg Ghe r @tisivePefslid ak akpeetat i Fnsamdwibithe abbmiaadowr for
other frequencies, The state of the arbﬁon the j ssue of reducing the peak

factor, as ksS@ieotes- TR MeHLRRREGFRNES SRR BB SBYSRESY er ent t echni ques cited

herei nbel . o 4 wndenlﬁ? fdfrtﬁé stté‘rﬁﬁpd @8t dHAckRe & pRsEAA Itgs sol utions
havi ng a | ower back- an nmulti-carrier solutions. These

si ngl e-carri er - bas@adarg M'bl %'['? dﬁé 13P Jeusien fpbicht RFowdem far zee uge 9f gh

bandwi dt h cases. dyRineRldpto 2utkHSpddwidit |y difficult to produce an
equal i zer on an ionospheric HF channel Wit h good performance | evel s beyond

a useful bandwidttheofuse2okig . piuralily Hfsstapdard chaniaipbltwisally 8 Kélz,

avai lability of t@&ncg?em%ddt.m &ABF abNeGnstitdie. Hsgufﬁ&eﬁt HaRghReCaksi er
reqU|r|ng a contlguous all ocation, whereas, in rmulti-carrier 5 cases, it

i s possi bP& to enRiopagrd inHBe Applicant's twe patgnt arplicalinnsiFRibN 9458 ardnds, as is
described in the pRoVeFBHY3. %@aﬁ@&% isafphdatiplel \Plfh R d€: Bfwkfened :

Anot her technique is the use of nodul ations with | ow peak factors, of
continuous phase BRIGEN: iBee Swsh chpIpels garealsyhesanedenatébns pose t he

The first approach raises the problem of the availability of the

bandwidth, and the lower efficiency in the case of operation on a partially

25 occupied band. _ _
‘The second approach, which makes it possible to select channels

of good quality, raises the problem of the peak factor, that is to say the
variation of the amplitude of the signal, between its maximum value (peak)

and its average value. Also traditionally referred to is the ratio between. the.

30 peak value and the average value (or Peak-to-Average Power Ratio, PAPR)

for operating correctly with the power amplifier.



20 probl.em of their significant spectral w dth, high shoul ders, and
therefore their non-conformty to the standard radi o masks, save by
requiring very high spectral occupancies, which are not envisaged currently
i n HF node. Anot her technique is the use of clipping solutions.
The main fault with these techni ques i 2 that t hey degrade the signal. Wth
the signal having 25 been degraded by the clipping and filtering

operations, the perf(%e”@&ﬁﬁcdl?%ﬁe‘in 2@ s peisHE & thireftte a8 d8Rwst kb tglegr adat i on
general ly bei nq corrected b%/ he function-adapted correcting coding in
t a8

conj uncti on Wnttihexpeafshacion of amti-garrier Wahiornde aliew fof| ansgfiectivg wse

The use of cefliR@nhased paddHor 8RE aNBKRSsdrhe PIPFSSH ddhet iBe BEAERAN ¥l Y 30
reduce the power dynami c of the signal. However, the major drawback with 4

these sol uti Sieseiee orpllopdarbed'se s ayltispardet Wavesiosys fat @ rePratiNRiced by t he

codi ng t echniyGtH®Se current spectral dildBatidr@Mtheaddt bhn PO BASHEr PR|uehtiess are
effective for reducing the power dynamc of the sig Numrer ous sol uti ons

e _ i gnal .
exist in this fieldThendate ¢idhe a8 Aethedesuserihigdttiag ther§aKEGIAd3S t he ener gy

yiel d of thehs@netht LRpikRE PR sbhairRihetbchhigiad citaerrdifel&RNVeEY any
useful information. Anot her technique is to gse_ constel |l ati on

ext ensi on- based sol vt fishiechiiqueds &Pk SHAS-FNISCOIUNPES GRVIRD & IPYet he

const el | at i opatiRofpefdctorN&Ent thali-cakits sondiohyi Nhebdesikyieldatticabadést ance
between the points of the 10 reference constellation. Consequently, the
per f or mané® palEens RiPKe Rampleyte 9%@6?&'@@&“ bandwidth cases fypicallypfds hasi ¢

soljult i ?ns, sug?ﬁﬂ@ dl*.mampiorwoim #pdudizsradn &nioﬁﬁyjﬁferi@ﬂi_l:}/\@féﬂnégww E P)SK)
noaul atl ons w a | ower ea actor, suc as pnas Lt eyl
Matead of qUa ZEUPEIHI R BRI 4BFDNEF A G e 1810, R |
reduci ng t he pas&ttel prbblemr gtttiee hlakbifigbf B BAddi@E canskraé® thdhesedig e not
ret ai ned. The E[’_I or art solutions do not therefore nake it

r

possi bl e to &EHEETREeE" EgoR eANtigHvs, ahacation: WretREnJUt™YEGREEN ng t he

signal, usj n@agesyniemt SussibRNBVeAViSader theDele i Bdet b8 nohanaguduetust gnal . 20
The net hod accordi n% to the mvenU&g}yr lies nota the | ntroduction of

. I n
an of fset, n&BA%Hy Fn it hde3EPRE ofin ¢ P’%’HF’Eté{’(”iegnyp?%%olaBPl'oﬁ ?heen the

different chamel g4580.the nmulti-carrier wave form in order to avoid having
t he channels in phase notably for the pilot synbols and thus 25 resulting
in an excessively hi‘%ﬂﬁ’tqféé‘?@h%%'taé?t.heﬁ?@ Oimeé’H%F'%'?? Wil loweregdagotset hod f or

reduci ng t he opeaktifudaé Phabd ndodulation, or CPM, type. These solutions pose the

20 problem of their significant spectral width, high shoulders, and therefore their

non-conformity to the standard radio masks, save by requiring very high
spectral occupancies, which are not envisaged currently in HF mode.

Another technique is the use of clipping solutions. The main fault

with these techniques is that they degrade the signal. With the signal having

25 been degraded by the clipping and filtering operations, the performance

levels are naturally degraded, this degradation generally being corrected by

the function-adapted correcting coding in conjunction with a cost in terms of

transmitted useful bit rate.
The use of coding-based solutions makes it possible to effectively

30 reduce the power dynamic of the signal. However, the major drawback with



mul ti-carrier communication system the data being transmtted on m
channel s, characterized in that it conprises at |east the follow ng steps:
in the 30 transm ssion of data in the formof a frane conprising a
synchroni zation preanble, introducing a nunber d of desynchroni zation
symbols at the start 5 of each of the*franmes, the number d bei ng chosen as
a function of the transm ssion channel nunber m chm concerned, the

desynchr oni 2 dMiyiEhels tHé‘FJo%@é@%Qe&f%‘l Rficitell SHafthnf meuiéaebmt@annel .
According to a variant enbodi nent, a nunber esync ronlzatlon

synbol s equaP0®OQBKHﬂ@U¢%troduced bef ore the initial synchronization

preanbl e of the frangetdigasahsitiGiloastd Sutlons Hre ‘éﬁé&%'forafé‘éuén@lﬂﬁ'@er d of
desynchroni zati on synbol's equal to m1 are introduced on the Channel chm

The net hod i REVEUEEHI¢ afiife figaghDemereystoiugions exislinfis AelgbiEeir M3 f or each

channel . 5 gefect beﬂ@?héﬁﬁ&pge@ﬁae GUBREDE vidid of B F&FPRkdOSbcal&P. a step
of realigni n%?a channel by taking into account the nunber d of synbols

i ntroduced i Meadgdedsigng! does not convey any ugefubiptarmgtiane one enmbodi ment, t he

met hod conprises a o@iMR inAl@l & ©0disBY BRSteidtibRT |e§@¥1§|89-b‘é§ed he data on
the m channels. The conmmuni cations i | emented are HF waves of to 30 MHz.

The i nvent i ofolHans. r Eheseegoltipns by seefinitionr modiy dhagcansteligirk te a*?ﬁ or in a

mul ti-carri efraRoRmEa) has h%lfﬁbféttmu&@mrd@tbﬁéb BetdREA the Bélﬁt@‘o‘?f’thé)n
subsystem and a recepti on subsyste he system conpri sing m channel s 20

for transift f?fﬁ@naatcanﬁﬁ"qﬂﬁe @arﬁ%ﬁqaﬁntfyr éﬂﬁege%mnpg iI9Vg's 71§ Raeally ansni ssi on
subsystem aiyeh@acd. one nmodule for framng the data adapted to insert a
nunber m of synbols at the start of each data frane, said s?mbol s being

adapt ed to introducéBf: GRergeiasisetelulanst REChiP refusRI HieaAmelificalion 5

mul ti-carri erpowawsr W6FkiAg w.hemuuh%nsdwmebnwmrfaasr aubastphase of the
channel 25 number chn_concerned, the desynchroni zation synbol s |ntroduced

bei ng di f f er &At 'ﬂ%'l“gt(ﬁgK}ﬁ"é‘ﬁéﬁﬁgﬂ%ad’at”re amplitude medulatient GHNBERVApri se,
the recepts 0@&@@&&&1&@ thd u3BRN b rad Adtedntte dfRedd 8id BRCRefRdBMt DYy usi ng

t he nunber o synbol s introduced into a frane. 30
retained.

The prior art solutions do not therefore make it possible to obtain a
reduction of the peak factor without degrading the signal, using a greater
band‘width or modifying the transmitted signal.

20

The method according to the invention relies notably on the
introduction of an offset, notably in the form of desynchronization symbols,
between the different channels of fhe multi-carrier wave form, in order to
avoid having the channels in phase nbtably for the pilot symbols and thus

25 resulting in an excessively high peak factor.

The invention relates to a method for reducing the peak factor in a

multi-carrier communication system, the data being transmitted on m
channels, characterized in that it comprises at least the following steps: in the

30 transmission of data in the form of a frame comprising a synchronization

preamble, introducing a number d of desynchronization symbols at the start



6 . . O her features and advantages of the device according to the
invention wll beconme nore apparent on reading the follow ng description of
an exenpl ary enbodi nent given as an illustrative and nonlimting exanple

wi th appended figures in which: 5 Figure 1 represents an exenplary frame
structure for inplenenting the method &ccording to the invention, Figure 2
represents an exenplary architecture of a systemfor transmtting and

recei ving, bgpedcidsihe rahli HREhUMBeOl Beif@!cHbddNas a function of @£0rding to
the patent application filed by the Applicant under the No 10FR 11/03083,

Figure 3 repf@8¥nesion ¢annanpuBPerifueie ZongareakntiengeaienionEabdal in a
nmore generi Cs?@ﬁél@ﬁtredb&z&@né Qihér%n’( f&?}]r%frﬁ%ﬁélﬂ{é@n of the figures,

different abbreviations 15 are used. e transm ssion subsystem in
Figures 2 and 3, thé\ocefdingenttesauseiiafbagmbpgiciensr rar womeectd ngf code, 1:

I nt erl eaviNg deyMhrdnl¥atib P 'SYRidoRN eQliaSHTBOLR iftRRdubdtf defdl e mitaP, M the

nmodul ation step; the step SC for scranbling. The references used in the
reception suB¥yAfeiatian prepmie obthgfeanse arsmitied n the first ¢hagnelapda

synchr oni zat ingﬁibelB@FoEHeé)fr@%n%H&#D:b%ﬁr%l9'égﬁélqg1m-a%r§Yll|\t|%du§é(d16Hrr%‘i zation

t
prediction, DI: de-interleaving, ata decodi ng. Figure 1

schemati cal | $haW)s 8¥Bnt s an exenplary frame structure in which additional

synmbol s have been i ntheqdetsd intlodERTakdorh @YmBYRWHhea diffBRnbHIRBEr f synbol s
being different for each radio channel used in the 25 conmunication system

or at |ea%t faseagpshamgelt he channels. The additional symbols are designated

as desynchroni zati orrrgy Fe@lcdl \BBRS@MBHIB! liPNhé SrebBAitRAl ¥tepO o Bidpodice an
of fset between the different channels of a nulti-carrier wave form The

desynchr oni z&R3gAINgyaLB1RENelr BY dAHEG iNtor grcaiphipe umbesnd 1A esimhats

constel | ati ofh@ubditinkydhahs. used for the synchronization. 30The exanpl e of
Figure 1, which presents_a conventjonal frame format according to STANAG
4539 or ML STD 188_@3@@,|ngrt@pqr@s@ﬁpgd|@ent7 the method comprises a common

15 step of coding and interleaving of the data on the m channels.
The communications implemented are HF waves of 2 to 30 MHz.
The invention also relates to a system for reducing the peak factor
in a multi-carrier communication system, comprising a data transmission
subsystem and a reception subsystem, the system comprising m channels
20 for transmitting data in the form of frames comprising, in the transmission
subsystem, at least ohe module for framing the data adapted to insert a
number m of symbols at the start of each data frame, said symbols being
adapted to introduce an offset between the different channels of a multi- |
carrier wave form, the number d being chosen as a function of the channel
25 number ch, concerned, the desynchronization symbols introduced being
different for the m channels.
The system can comprise, in the reception subsystem, a module
adapted to realign each channel by using the number of symbols introduced
into a frame.

30



frape in which a bl ock of desynchronization synbols has been added. Each
channel is assigned a different nunber of desynchronization synbols, for
exanpl e between one and n, where n is the maxi mum nunber of carriers
consi dered. As an exanple, introducing an additional desynchronization 5
symbol on a channel mrelative to the Breceding channel m1 anounts to

of fsetting each channel mrelative to the precedi ng channel m 1.

The frame consists Qg foahiibs BaCknahidesRdRE Atkiea! 2B ROl 11

foll owed by an |n|t|a synchroni zat1 on preanb 12, consisting of a

regul arly reinvasiéan wi Qﬂce@ﬁbn@relmar%pnéﬁ@dm éwelfglkompgrﬁeﬁcslph@roﬁf)ru sing a
10 bl ock of o) I t din the
frame, and aahat ﬁ%@ga%%hnrt E&ﬁ}eg;gﬁcéurgﬁf@ﬁ??%ﬁ?%nﬂln&&g&r@b&gl s 11 are
in practice Wihepaekded figefesriawiigd: i nitial synchroni zation preanble 12 so

that the (identjc p fﬁ{nﬁé‘ n
desynchronl zed. '\ﬁbﬁre ﬁqgﬁéﬁ%%ﬁo‘%&@%& 0 dtég;ﬁ/ﬁ@’%r@h?‘?@%ﬁ’gﬂ“”s nbols w |
prevent the pil otthsymﬁib¢<$a®rdimg)mtbeir‘rvgnﬁiqm phase and resulting in an

excessively high uce t
transm ssi on of t'ﬁgg%a p?ésfreé]tsl sanrnatéemﬂlgw3 aQ{iéa{sj{aénglq g %S{dé?n fPor exanpl e
by realigning eactlnanﬁnamelandorecelmngu@asedqenatbmamhltﬂctqrﬁ@feaqaalutlczm of the

fEcel versmnieh pre?&%f&rngtl?ctﬁbgsa%fn} ﬁ?{?}llcgt;%{ﬂgdb |fca|"f\ URALE ey - Since

the obj.ect of the in esy zatl on syrrbo sisto
of fset theo sequenc®s 163A83n to the different channel s, there is a benefit,

n term of eff] chgnRVs dhalenke SRMBEREOR 2 3 Ly 3 % Spdsal pogluced are

not sinply a copy “he Same un s 1n act
recommended to |nmpmmrlcaqrdem synbol s (dr awn, for exanple, as a function
of the nunmber of the channel considered) 25 belonging to the constellation
used for the preanble block 12. Another possibility is to predefine the
desynchroni zati on sdqukeddiowitigosgescoptimeoft thesigurds, diftevent ebereviations i ed

bef or ehan I 1k 0 nbol s t hat
vary fromqsongr% %endmlarf tr{e?r %ﬁsﬁl'#ﬁ, Q’ﬁ%’gs'?%m o'lagté@%?mad‘?s etﬂé(?%‘égeyn?: roni zation
that is 30 puspdseanhierE: an‘rdrIcorrectirigaaoeealnmt@*pewnm SYMnibadormationloé dat a
part, even i case hapn P I i di fferent
nodul ati ons. QY@B&S PR t%?{?ﬁ rligﬂ%%érwo d@é@ﬁ% I‘O%Ie ﬂ:féo%g;e y?rgno'?)g IS

di ff erent on sewmgibling. ThHegetehenneelused Mithe eaebtion gifbsystaidh Figaukteiand chosen so

as not to intygdu Qﬁ_@e

capabilities o?r% %@ equa )ﬂgtr?)}{rzg{#ﬁ{é %ﬂ%eﬁérﬁé )év\ﬁléi%%ﬁﬁ%{éﬁumer of
dat a synbet s SYNR: @dﬂ@@@hl:@oommwooalal We-intetleavingy Dvdataaiecening.f or exanpl e;
{channel 1 has 1 desynchronization synbol associated with it}, {channel 2

has 2 desynchroni zati on synbols associated with it},... {channel mhas m
Figure 1 schematically represents an exemplary frame structure in

which additional symbols have been introduced, randomly, for example, the
number of symbols being different for each radio channel used in the

25 communication system or at least for most of the channels. The additional
symbols are designated as desynchronization symbols whose function is
notably to introduce an offset between the different channels of a multi-carrier
wave form. The desynchronization symbols are chosen, for example, from
the same constellation as the symbols used for the synchronization.

30 The example of Figure 1, which presents a conventional frame
format according to STANAG 4539 or MIL STD 188-110C, represents a



. nunber n of desynchroni zation s

desynchr.oni zati on synbols associated withlt can al so be sonething el se.
10The synbol s can be random additional synbols with different nunbers for
each radi o channel. In practice, one synbol per channel is sufficient; as
an exanple, a choice of an integer nunber of synbols or of an offset by
synbol fraction can be envi saged wi t holit departing fromthe framework of
the invention. 15Figure 2 schematically represents an exenpl ary

communi cat i OR,SVSHGRiGCS Blotk Bﬂdé% Eﬁl‘énu‘thchr‘]“éyn?dblé H'?é"@éﬁaédé% ggdi ng and

i nterl eaving ]?UI’]C'[IOI’IS are shared between m’'channe In the transm tter,
the system acBamdl g asygnadea; difesant Bmieingr desygchionizatianngymRRiu| fer adapt ed to
add the desypghhggl t?é?«ké&ﬂo%”éﬂ@'rﬁ vVHé?é‘ﬁ |§‘{H§trﬁé3‘<ﬂnurﬁ riuPntel idf QelHeRs an of f set
between 20 the different channels of the nmulti-carrier wave.form in

addi tion to tCResiggredt Asnen SxaERIeorinteductys 8y nastsitional desynchronization t he
transmtteg E%Eo@&pa éH&ﬁnQ' rﬂ%bét@é‘ﬁ@tr{eopre%édl% chBShdi$EA &RGEtd kg St 1nto a
correction nodule 201 C, then into an interleaver 202 before being

denul ti pl exe@fo@tng qad Qﬂ‘éﬁﬂﬁ'tm flativedo Hgtriesqdingth@npeleR-ft ransmitted on 25 m

channel's chi in parateefamd anmtgfamnﬁ&tsbneék Bt 9@§yh§hr6hi'zat1on g e, for
exanpl e, channels of 3 KHz bandw dth that nmay or not be ‘conti guous.

The data ar e 'flofeHeweddby mnointia!l SyaghfBBiratQHy ﬁﬁ%ﬁ"&'\e wgogsisting KR a
scr anbl i ng s{eg e A fbarh b0 T I206: bimssiapcabrishgi nser t a

s chosen according t

onL T Cat i oh. ik o mieh St (2 T el b o euprse ABPIES: e JAB8 5. i n
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25 belonging to the constellation used for the preamble block 12. Another
possibility is to predefine the desynchronization sequences whose properties
will have been verified beforehand.

Since the data symbols are, in essence, symbols.that vary from
one channel to another, the introduction of the desynchronization that is

30 proposed here will not have any specific impact on the data part, even in the

case where the channels would be modulated with different modulations.



20 synchroni zation prediction correction nodule 226 and reassenbled in a
parallel/serial buffer 227. The reassenbled data are transmtted to a
symmetrical deinterleaver 228 of the interl eaver 202 of the transmtter
part 200. After deinterleaving, the data are transmtted to a correcting
decodi ng nodul e 229 whi ch supplies bin%ry data. 25A nunber of enbodi nents
of "the synchroni zati on 223 and synchroni zati on correcti on 226 nodul es can

be envisaged. A fi r%esmn#ﬁelr%ﬂds%h.%hfzat.éh gyrﬁwgnmﬁ%nt peenendent
synchroni zation on each of the channels, in this case, the
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equal i zer and of the_ synchroni zation correction nod to corrpensate f or
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propagati on KneBanfeleach radio channBY INSIra&ic8, WAY SyhoMpas cHasfel iided in the
Applicant's patent application FR 11 03083, the results of neasuri ng the

attenuati on SHEFIENGRERNLXAMPIENE cpicenf GRiintegerdHErbes 0 SYMROIE 85 9hathr oni zed

case are gi V%ﬁsét”b%%'?h%oﬂ frasticH chh | BEstehabhguy witheutt adhAtitd R tile
estimation of the back-off factors for the 15 different configurations from

m= 1 to 16 &RAWMErsofithe vaRfian: - ST4539 approach. These val ues were obt ai ned
on a refefgence si MG Selendlicaly FEPEIBAE Bh idxBMPRNP omhp®atién ty 10- 6.

Nunber of chasnnel s Measured %al nin terms of back- off factor (dB)
ystem according to the invention in which the coding and interleaving
functions are shared between m channels. In the transmitter, the system
according to the invention comprises a framing module adapted to add the
desynchronization symbols whose function is to introduce an offset between
20 the different channels of the multi-carrier wave form, ih addition to the pilot
and synchronization symbols.

In the transmitter part 200, the binary data {0, 1} of the user goes
first into a correction module 201 FEC, then into an interleaver 202 before
being demultiplexed 203. The demultiplexed data b/ are then transmitted on

25 m channels chi in parallel. The m channels or m paths chs...chy, are, for
example, channels of 3 KHz bandwidth that may or may not be contiguous.

The data are formatted through a symbol formation module 204
and a scrambling step 205. The next framing module 206 is adapted to insert
a number n of desynchronization symbols chosen according to the

30 application. The framing rhodule adds the desynchronization symbois, in

addition to the pilot and autobaud symbols.



Back- of f factor, desynéhroni zed case, conpared to single-channel node (dB)
1 0.00 0.00 2 0.16 2.51 3 0.92 3.52 4 0.87 4.84 5 1.10

For example, it will be possible to choose to add to each channel
chi, before the initial synchronization preamble, a number d of
desynchronization symbols equal to the number i of the channel in the
system. The duly constructed data frame is transmitted to modulation means

5 207, oversampling means 208 and filtering means 209. The following steps -
consist in transposing them in frequency 210, the transposition frequency
Tfm being associated with a channel chn,, then the transposed data will be
summed 211. The signal resulting from this sum will be transmitted via the
transmission channel 212 and a suitable link 213 to the receiver part 220.

10 According to another variant, it is poséible to introduce zero
symbols before the initial synchronization preamble of the frames transmitted
on the first channel and a number d of desynchronization symbols equal to
m-1 on the channel chm.

In the receiver part 220, the signal received after propagation in

15 the transmission channel is, initially, transposed T'fi in frequency in a module
221 which makes it possible to separate the data on the m channels chy,
then the frequency-transposed data are filtered via a suitable module 222,

- then are transmitted to a synchronization module 223 before being
undersampled 224 and equalized 225. The data are transmitted to a

20 synchroniiation prediction correction module.'226 and reassembled in a
parallel/serial buffer 227. The reassembled data are transmitted td a
symmetrical deinterleaver 228 of the interleaver 202 of the transmitter part
200. After deinterleaving, the data are transmitted to a correcting decoding
module 229 which supplies binary data.

25 A number of embodiments of the synchronization 223 and
synchronization correction 226 modules can be envisaged. A first solution
consists in producing an independent synchronization on each of the
channels, and in this case, the desynchronization symbols are disregarded
by the receiver which will be locked on the preamble. Each channel will then

30 operate as it does nominally in the absence of desynchronization symbols. A

second solution, less complex in terms of resources, is to take the



5.48 6 1.67 5.79 7 1,68 6.46 8 2.01 6.71 9 2.16 7.08 10 2.23 .7.48 11 2.56

10

synchronization on one of the channels, for example the first or the middle
channel, and to supply the synchronization information on the others. The
other channels will then compensate this desynchronization either by virtue
of their knowledge of the number of desynchronization symbols which have
5 been added to the transmission (implicit knowledge linked to the fact that the
TX/RX system uses the desynchronization technique, for example with an
offset of p symbols for the channel p), or by using the capacity of the
equalizer and of the synchronization correction module to compensate for
this delay, which will be able to be seen as a delay linked to the propagation

10 channel.
By using a wave form as described in the Applicant's patent
application FR 11 03083, the results of measuring the attenuation coefficients
in the synchronized case and the desynchronized case are given in Table 1
as an illustration. The table gives the estimation of the back-off factors for the
15 different configurations frorh m=1 to 16 channels in a multi-ST4539
approach. These values were obtained on a reference simulation set for a

maximum clipping of probability 10°®.

Number of channels | Measured gain in terms of back- Back-off factor,
off factor (dB) desynchronized case,
compared to single-channel
mode (dB)

1 0.00 0.00
2 0.16 2.51

-3 0.92 - 3.52
4 0.87 4.84
5 1.10 5.48
6 1.67 5.79
7 1,68 6.46
8 2.01 6.71
9 - 216 7.08
10 2.23 7.48 -
11 2.56 7.56




7.56 11 12 2.57 7.93 13 2.66 8.19 14 2.80 8.29 15 3.02 8.45 16 3.26 8.50

11
12 257 7.93
13 2.66 8.19
14 : 2.80 8.29
15 3.02 8.45
16 3.26 : 8.50

Figure 3 schematically represents an example of a more general
muiti-channel communication system, in which the coding and interleaving
operations as des_cribed in Figure 2 are not necessarily shared. The multi-

5 channel system is a system whose channels ch, employ the same wave
form, or at least reference sequences that are identical and positioned for
transmission at the same instants. This system is therefore subject to the
same problem of increasing the PAPR ratio mentioned above.

In Figure 3, the sy'sfé“r-nﬂ c.:ombri'se_s'.n_ﬁ 6hahnels or paths chy...chn

10 transmitting data b/ from one or more transmitters. The symbol data arrive on
each channel previously coded, interleaved and “scrambled” if necessary.
The steps for inserting desynchronization symbols in each of the channels
are performed in the framing moduie. \

In the transmitter part 300 of the system, the symbol data are

15 transmitted to a framing module 301. The framing module is adapted to insert
a block of symbols, or a number n of symbols chosen as a function of the
channel, for example. The set of symbol data comprising the
desynchronization symbols is then transmitted to a modulation module 302,
then the modulated data are sent to a frequency filter and frequency

20 transposition module 303. The data from the different channels are summed,
module 304, before being transmitted via a propagation channel 305.

In the receiver part 310 of the system, the data from the received
signal will be transposed 311 in frequency, which allows for a separation of

~ the data on the m channels chp, filtered in a module 311, then the frequency-

25 transposed data are filtered via -a suitable module 312, then are transmitted

to a synchronization module 313 before being demodulated 314. The

symbols are then extracted using a suitable module.



Figure 3 schematically represents an exanple of a nore genera

mul ti-channel conmmuni cation system in which the coding and interleaving
operations as described in Figure 2 are not necessarily shared. The nulti-
5 channel systemis a system whose channels chm enpl oy the same wave form
or at |east reference sequences that ae identical and positioned for
transm ssion at the sanme instants. This systemis therefore subject to the
same probl emof increasing the PAPR ratio nentioned above. In Figure 3, the

system conpri ses m channel s or cEFat hs chi ...chm 10 transmtting data b, ]
from one or nore tramennethedsandriee sysismr ageardingrtei (e GrerdigphaRMannel
previously codegy thtks oPaYiREk t of 6biaRLB itindift thgsessary. The steps for
i nserting desy%cwronl zatofgérﬁ s?% 3 Bnl each ol? It hgséchannel s are perforned
in the framng nodule. In the transmtter part 300 of the system the

symbol data are 15 tmnﬁ«mhbh%dtmeasgsf&maegoramg%eméqavenwe ridk@nt ng nodul e
is adapted to insert bl ock ynbol s, .or a nunbe synbol s chosen as

a function ofpoﬁﬁ@ecﬂl@bﬁﬂkﬂo ref’bﬁe @Xéﬁ‘bpé’B theepegk fagipr %Wbpeﬂa{ca"%bnprl si ng

t he desynchr %dﬁ%%}% SYAROLSY Esh ESNbd LRMRIEN E&HLInEd HvithRhEr AR nodul e
302, then the nodufated data are sent to a frequency filter and frequency
20 transposi feBingdaeNNaUBSSUCTRRCHPRING- from t he di fferent channels are

summed, nodul e 304, ﬁ%fﬂ(/é‘nt%ﬁ'éwhéé?&% ?ﬁy@%avuaayeawepnagaﬁsrmaslemannel 305.
In the receiver part 310 of the system data fromthe received signal

will be ti@nspdsogs3Ipt de?FOé'tYu@ﬁléve aAPieHomin BResPYYL 13 fadplr 38N of t he
data on the mhedannehs b@hmenéd kd & 8lay MnRed RSl o1l bn thBgopditibn equency-

25 transposed data are tered via a suitable nodule 31 t hen are
transmtted tcba%[‘%yﬂ'liﬁrwﬁt%t?% the dipod 1ac9eEding dohlen §VABIRSH @&t ed 314.
The synbol s %ﬁeﬁﬁﬁfbd%ﬁﬁo@?ﬁ%ﬁﬂﬁ@ e &aﬁ&ﬁrﬁ%’demgﬂéﬂuéthhom]tzbreakmg The

nmet hod and the system accordi to the invention a notably for |inks of
poi nt - t 0- poi r‘?PWBrth‘?)HF?TPP?VSD'WIW'ﬁhp‘%ﬂ“me?WH@t '%"T‘Hé“‘?f;gtf) Cam]&l)éé h&ystem
accordi ng4& o phdigod nvention make it possible notably to reduce by 1 to 3 dB
the peak factor w thout destructively nodifying the signal, and can even be
ultimately conbined with other PAPR reducing techni ques such as clipping.
The invention applies to the physical |ayer level in transm ssion 10 and
does not mandatorily require adaptation in reception. In fact, in sone
cases, it can be likened to a delay linked to a delay on the propagation
channel . The system and the nethod according to the invention are

i npl enented wi thout nodi fying the standard and therefore w thout breaking
down the interoperability with equipnent that is not nodified according to
t he 15 net hod.



13 CLAIM5 1 - Method for reducing the peak factor in a nulti-carrier

conmuni cati on system the data being transmtted on m channel s,
characterized in that it 5 conprises at |least the follow ng steps: in the
transm ssion of data in the formof a frame conprising a synchronization
preanmble (12), introducing a nunber d 15 desynchroni zati on synbols (11) at
the start of each of the frames, said synbols being adapted to introduce an
of fset between the different chanrmﬂclﬁqmsa multi-carrier wave form the
nunber d being chosen as a function of the 10 transm ssion channel nunber m
(chm concerned, the desynchronization synbols introduced being different

for the m chanD@hsinod for MBLARE 1R peskiftdort @ Qrﬁ!lﬂbémeﬁb@ah&ﬁnh%éh&ﬁd in that
a nunber d of desynchronization synbols equal are introduced before

the initial $&ePnte %szfd'igoHa'Eﬁ’@E{%loé ’BfCh?H%e'?r%ﬂ?éaCt“?rgﬁgrﬁ"tﬂt‘@d on the

first Cha@eboﬁﬁﬂse‘% a‘tu@*a%efheclronﬁw.ﬁl@gtéaghh@ﬁu #atdnassisy oloplts ire@yadmio m1 are
i ntroduced on _the channel (chm. hod according to Claiml,

char act er i ze@f 8 frafeOMPAsHE A WWBP@aWrQGmPﬁt 1 Okl IQEUGNG B NAMBPF f er ent

nunber d for d%%sﬁ%%}ﬁ%aloﬁ symVBItsk(@d) RGAO ISEHNEF éé@;hQﬂ%lerar@b@'ééid 1 t o 3,
characterized ip t

it co in the rece (5‘5) a
real i gni ng asﬁ’ﬁaﬂ'ﬁ@@”ﬁf‘j@a@ﬁ@ 'r?tfﬂdHC%EEBﬁﬁ‘f Behu SEre §TH?E{>)I
i ntroduced i Bf @ ndulfi-taier wave form, Metiiptbenreicsying m:sb@ a@aammmh dfehe3,
characterized in that it conprises a conmon step of codi ng and i nterl eaving

of the dath HRNSMIESIAN HIARE) Bumber g (chnip3aRgeMEd c S dREY BB t he
precedi ng cl almBols GhrdasdEhdidgdifferent athe3d chBgngmMuni cations are HF waves

of 2 to 30 Miz.
2 — Method according to Claim 1, characterized in that a number d of
desynchronization symbols equal to 0 are introduced before the initial
15 synchronization preamble of the frame transmitted on the first channel and a
number d of desynchronization symbols equal to m-1 are introduced on the

channel (chy,).

3 — Method according to Claim 1, characterized in that random symbols are

20 introduced with a different number d for each channel.

4 — Method according to one of Claims 1 to 3, characterized in that it
comprises, in the reception step, a step of realigning a channel by taking into
account the number d of symbols introduced into a frame.

25
5 — Method accordingto Claims 1 to 3, characterized in that it comprises a

common step of coding and interleaving of the data on the m channels.

6 — Method according to one of the preceding claims, characterized in that

30 the communications are HF waves of 2 to 30 MHz.



14 7 - System for reducing the peak factor in a nulti-carrier conmunication
system conprising a data transm ssion subsystem and a recepti on subsystem
the system conprising mchannels for transmtting data in the form of
frames conprising; in the transm ssion subsystem at |east one 5 nodul e
(226, 301) for fram ng the data adapt d4 to insert a nunber d of synbol s at
the start of each data frane, said synbols being adapted to introduce an

of fset between idig ff&rerreen(;.ngcwis@m@fé?;ftoranrwlrﬁmu-earna @MW@\«%&.&M the
nunber d being chosen as a funhction of the transm ssion channel nunber m

(chn) concer BEHEMt ONYBEISINGC 19 Sidta afIEAISHATH IUEsYSePodlided FRSERECTLO

different f 0%u5§§/§tem Ghanry ek cﬁnprnsﬁ)@sheéﬂﬁ‘ﬁﬁertgf ﬂﬂnérﬁlttﬂgadidfb in the
characterized in that it comprises, In the reception subsystem a nodul e

adapt ed to ré&im ghfEmeR eMRRIIHNG. By 'the i trRgSERsIoRURYRSYSIeM. sAfniBastsOnt r oduced
into a frayemoguie (226, 301) for framing the data adapted to insert a number d of

symbols at the start of each data frafhe; said symbols being adapted to
introduce an offset between the different channels of a multi-carrier wave
form, the number d being chosen as a function of the transmission channel
number m (ch,) concerned, the desynchronization symbols introduced being

10 different for the m channels.

8 — System according to Claim 7, characterized in that it comprises, in the
reception subsystem, a module adapted to realign each channel by using the

number of symbols introduced into a frame.



