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METHOD AND DEVI CE FOR SYNCHRONI ZI NG RECTI LI NEAR OR

QUASI - RECTI LI NEAR LI NKS I N T E PRES
| NTERFERENCE The invention eIatesﬁWﬁWﬂMﬂMﬂ“WMk
nethod and a device for synchronizing a,.Q.Lectilinear

i MEIHOBANDOERICE iR SRCARUSIANG R vear

ORCRIASDRETTIRINEAR UINKS TN THE PRESENCE OF INTERFERENCE
synchroni ze, fromthe sane antenna, a |ink disturbed

by interference, the interference possibly being of

the s: VRS Onl,%lgtgg %Ita%d)dfog Lhéh cPQnd %I nk’{C?rfg? s ch.rl'%)mzmg a

"rectilinear I's use den
rectiliveeat oaqesi-tdcatinar gini&lin itlse presdnict iofi eﬂerferbrlm:ts off $he dahat type, from

it has a real conplex envel ope, or a one- dinensiona
one {5 MATS FTGH NG he case for signals with anplitude

nodul at anbéed AR B{gd'%c%hfz‘é K6\ the sdaentd, Aaink disturbed

phase shift keying SK ‘modul ation. Alink is saidto

by interferenst.-the tntérférencgpopgibly theingrod thadamedspsi gnal i s
quasi-rectilinear, that is, if the real 15 part of its
conpl ex envel ope cont ai ns aII the information conveyed
by thils this@eadriptibhebe terfilasdtiineatlink" neadedso gawdts a link for which

i ncl ude, articular, the K GwsK si gnal s havi ng
the fragpmitted kﬂ%’é‘f Bareeiyingay é’n‘%t‘%ttp‘/gtrft S?“‘eﬁa et ég@PR‘@‘ envelope, Or a one-
dinRRS6A1T &Y d lyi'@n | Ebv?ﬂttlﬁeo'&aé%o@ér' 9%1’1&“91:\9‘1}&11 yarﬁﬂltv?déshﬁﬂﬁlat]on AM,

usi ng no atlons at are rectilinear, or rendered
Amplitislie- SmfttKetwmAtSKabt binapyr spaswbrﬂsk%gng BRSK moduletiomi A link is
f oe i enti.fi,cation. .syst.ens (| FE,.in des
saic o 54 gy Fes BT 1 v S B Rt T hBr . T the rea
par{ 6€1ts UbpleRren0tldps Wbimeihs SUCHe asfoir@ion @hatyedytst &S digfal. These
Mobi |l e conmunj cations GSM. for which the. main source

quagkreciitirger stedalseachude. Repatdeulay thg M ror GMekprightlehaying been
{ f
sub?égt[ég% Aiefdtithn sﬂ}gprb%é;sklggogfﬁ{}@n,pr esence 0

erence | em that has been given
enor nolis avendivn applicvetatihe $yasmstusmgdeedd@mns st nteyrectilinear

in.th fi.ght t h I t f
or teBfreS ogs BB Bt arauecargorel o ergrgrant R dBgiscaion
sys@insCANVAIN(B06&-Fhnd §) Srevehl bértdh Eadde G@ﬁﬁﬁlmcﬂ'@ﬁﬁetworks (cellular or
techni ques operate on the basis_of one [ 1-2]

othgmxie) uch 3s 3he Sihetah Fystemofor Mﬁblﬂeee@pmuawatlmvﬁgﬁ fog pich the
éﬁ%&k% TN &S hAUES L Rsdlt ! very specific to the

The problem of synchronizing the links in the presence of interference is a
problem that has been given enormous attention over the last two decades, mainly in the
fight against co-channel interference in the context of multiple-access networks relying on
a code or CDMA (code-division multiple access).

These techniques operate on the basis of one [1-2] or several [3-5] antennas [9]
in reception. However, the single-sensor techniques are all very specific to the CDMA
context and cannot be considered in F/TDMA networks (networks with multiple or time-
division multiple access, with slow (or quick) time-frequency hopping (F-TDMA)). Also,
the multiple-sensor techniques proposed in [4] [9] are similar whereas those derived from

[3] also remain specific to CDMA networks in as much as the spreading codes are
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30 context and cannot be considered in F/ TDVA networ ks

(networks with nmultiple or tinme division nmultiple

access, with slow (or quick),tine-frequency hopping

(F-TDVMR)). Also, the nult|p¥e sensor techniques

proposed in[4] [9] are simlar whereas those derived

fr n.s I fi ks..i S
assume t?as &%ﬁlé) Srrrl)(r)('(i;uj1 é} graré(gogl B f n%% %%1'\6/8 3n ﬂcfa only the

maﬁﬁ&hﬂl&éﬂﬂdohﬂﬁ;ﬂrd&hlﬁﬁb};&éedl ml [5] tarl bt dnvlsagédOotkiie the CDMA
assuned to be not npdul ated random y by | nformation
conigxirifdpueverihsApproagh PYESHPROSCHERHATR { Gr¥ssirigisgerences, which are
ther2RIE %&thdp&eao\%ﬁmnn dnal] dcgeénn&eus%nydyséqﬁﬂ)rpgaﬁicqﬁr tdi8s of the
cont ext. However, I's approach presupposes
mtesﬁe&tnlccﬁndnyp@@ém alme |applea¢lepmp©efsl m/\/tljﬁ]che@m@s sub-optimal in the

t heref.ore secand-order circu t use an :
presgigy (5 Yoo o B Bt o frened e PRTD e R8pG Mrrclation
funétedrt is Get flentiédNs Z%Etp raQR6pery chaRRadistio of Eh]e GOISENE gnals used by the

sub-optimal in the presence of second-order
GSMoretwprks i articwler phichebpeame quayi-rogtilinran afer eprsgssing.
correlation function is not identically zero, a
property characteristic of the GVWBK signals used by
the GSM sétjeudrdésthe nnpantibh crelages, notlible o e omtiend and a device for

uasi - rec I hear after reproce sin 10,.The
OPRES %&‘&iﬁttpﬁbtnls repulinee Hbtr %t ag rrEt bR ﬁtar feprocessing,
expﬂﬁﬁhg ﬁlefﬁbﬁentl‘é}lﬁ abh-entAhmehtdre |o'f|ﬂ{"e ihfeaferdnSed £t parti ATy powerful
or rendered quasi-rectilinear after preprocessing,
for spysabed iintemahintgrdrrenael avhigh aemthemselyeareqtidineareoroquasheectilinear
[ ces and particularly powerful for so-called
aﬂerﬁ% P%%%%%%terferences whi ch are thensel ves
rectilinear or quasi-rectilinear after preprocessing.

15 The_idea of the invention |[S nota exploit the . .
nowl cByeiigt of the dnventin is agebRcl ¥ et ‘Blfﬁée of & raining
seq E’éHcétlﬁ'leJedtthhé bidstsf AthS WheE %@héﬁbhl@ﬁl&%tﬁ?&ﬁg g’; Particular, and
i

articular, and applies an optfiml w del ﬁa '
apptigy peopHigal ovidele-liobasefileririgotosthe Rbsenviteanst Remember ghat g widely-

lmeabs term% 1Lt e&% zl%n&f 11§ﬁa°roﬂﬁéx{h§ga{ ltlﬂ:e%ewa 151?5 aﬁ](g o?fthé IEgnjugate

ervations a e conj
conpleesbseivadioss [77] . The invention relates to a nethod of
synchroni zing. a substantially rectilinear

bei ng ProBXEHBIrelaitSoldgh Me oG AR ENZ S Suh%}ﬁmflﬁlgy rectilinear
Sig’p‘ﬂ W%r@ﬁag%ﬁmgh an unknown channel, in the presence of unknown

substantially rectilinear interferences, received by an array of N sensors, in which a known
training sequence s(n7) is used comprising K symbols and sampled at a symbol rate
T (s(nT), 0 £ n < K — 1) characterized in that, based on observations x((n + I/p)T) over the

duration of the training sequence, where p = 7/Te is an integer and 7Te the sampling period,

a virtual observation vector X((n + I/p)T) = [x((n + l/p)T)T, x((n + l/p)T)T]T is defined, as
well as a decision criterion or decision statistic taking into account the second-order non-
circular nature of the interferences, by using the first and second correlation matrices of the
virtual observation vector X((n + I/p)T).

For rectilinear signals, the method comprises, for example, the following steps:
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substantially rectilinear interferences, received by
an array of N sensors, in which a known training
sequence s(nT) is used corrprérsi ng K synbol s and
sanpl ed at a synbol rate 25 (s(nT), 05n:- K- 1)
characterized in that, based on observations x((n +

wndgiiing gﬁégﬁ@‘%ﬁ&%%Qﬁﬁé?xgﬁﬁg#%ﬁiﬁﬂ'angiqﬂgﬁwnsr DT
P Bbombol i RS T0Re S0 f ¥l bR pdidd Deblng o deay

as aofgkissdn@n criterion or decision statistic taking

into account the second-order non- circular nature of

t hecohfiting Veed obsdVatibh Mtdrbgzﬁ ix Bt Xpmdr $880nd[x((n + Ip)D)T,

correlation matrices of the virtual obsetvation

vectg nX.(IQI;)T)LT]'Ilp) 7-). For rectilinear signals, the

met hod conprises, for exanple, the followi ng steps: 3
-bgosing heasobs SHDWE @ﬁtlmécepeff@le(nm gnd1gonstryqtingyyirtual space-time

n)T) O< n:!- K- 1, where T = pTe is the synbol

dur abbmatpmwcmm qzm\@gé) Xt Td/Fe AsEXpin hg Hék |—dd/2)T)

1 being the delay of the signal, - constructing

t t tib . n
istne i it

virt e ﬁ noee DA nggﬁgsﬁgfﬁt;ng)
X + 11 -
X?_t( étgmlmwg mte ;F%‘% 'fﬁeftqr St g(% nd) ﬁﬁ) %g{?l?tfqnp matrix

L el bbb S 1
| Nt eLALEELRNANYEELANof Sulhe Silthd vaRT dDE, £arAeEl at i on
T ERLRPLR LA KERURfof dulle Sibd R | at

matr | e space-tine o vatio S for

t h-ede? g 2 %}galcé ﬁﬁ{eaﬂtter]ST Er?&(*tg] gﬁin‘?&t@ frofit QO)(% f,&[) tsn(_?_ F n,g st,s(0), such

secon elatron matrix o e vector

prom“ﬁf(%sit'w %Xp[%ertlme Iter ST and its estimate
Z)

st,’5XpysOsuch  that Wt (1) A
RX, st(~-1 rX st,s(2), 15 - defining a synchraonizat

cridediningre &MIYEIORIZ2RPN FrilsYiop dr Né]lﬁtmﬁ@ b(YrF@rfGljl[Uﬁ&tthf‘o?utput of the
the space-time filter Wt (1) and the training

sequépace;time Bligrt4isiAgnd the té%lnmérs%wn@,wcu R LR(lI) with

a threshold (3 set for a given false rm
pr-(ﬂggmappg §he criterion C NCIR-LR([) with a threshold [ set for a given false alarm

probability.

The method, for two-state CPM signals, comprises a preprocessing step for

derotating the received observations in order in particular to render the signal quasi-

rectilinear.

The decision criterion is, for example, obtained as follows:

A —_
A A f’\'X,st,s(l)lf RY st(l) 1('\'X,st,.s'(l)
CNCIR-LR() = =T

(I/K) JE0 is(nT)
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The nethod, for two-state CPM signals, conprises a
preprocessing step for 20 derotating the received
observations in order in pa;%icular to render the
signal quasi- rectilinear. e decision criterion is,
for exanple, obtained as follows: C'X st,s(r)1l
RX,st(l)-1rx,,st,s(l) ANCRLR(O(1/K) E Js(n7)12
whéte@hetmathie (XN RELIGL R ivxs (24N the Jlebipr RISY 1)) a&ngdsts{leare defined
vector (2LN x 1) rX, st,s(1) are defined respectively
respggtively by: Rxst(~ - | E Xst((l/p + n)T) Xst((l/p + n)z)t
Kn=0 K-1 rx,st,s(2) 1vy. Xst((1llp + n)T) s(n7 )* K
n-0 where O KCNCIR—LR(l) <1 5 The mgentlon al so
sAo la devi ce stantially
ﬁ-&ﬁf&fl heafg si ghal g@@@%&%gf@g}?ﬁ?”mh an unknown
channel , in the=@esence of unknown substantially
rectilinear interferences, in an array of N sensors,
in which a known training sequence s(n7) is used
conprising K sy ohs and sanpl ed at the synbol rate 10
(s(nT), QA<_1n characteriz d in that it
exy s(Hes=a devi r,E alﬁ(ﬁ((l@ Haé) i deci si on
criterion orffdegi=sigon statistic fron1observations x((n
+ I/p)T) over the duration of the training sequence,

where.p = TITe is an integer and Te the sanpling

Wh%%PFb@ﬁﬂaW&LR@L%I observation vector X((n + 1/p)T) =
[X((n + 1/p)T)T , x((n + 1/p)T)t]T, and a deci sion
criterion or decision statistic, taking into account
t he sep@nénentder A rélates Woah dbiider €orokynchronizing a substantially

rectilinear signal being propagated through an unknown channel, in the presence of
unknown substantially rectilinear interferences, in an array of N sensors, in which a known
training sequence s(n7) is used comprising K symbols and sampled at the symbol rate
(s(n7), 0 < n £ K — 1), characterized in that it comprises a device able to determine a
decision criterion or decision statistic from observations x((n + //p)T) over the duration of

the training sequence, where p = T/Te is an integer and Te the sampling period, a virtual

observation vector X((n + l/p)T) = [x((n + l/p)T)T, x((n + l/p)T)T]T, and a decision
criterion or decision statistic, taking into account the second-order non-circular nature of
the interferences, by using the first and second correlation matrices of the virtual

observation vector X((n + l/p)T).

The device comprises, for example, an array of virtual sensors (N+1 to 2N), a
filter (1), a device for correlating the signal obtained from the filter and from the training
sequence, and a decision device receiving the correlated signal.

It can also comprise a device able to convert a two-state CPM signal into a
quasi-rectilinear signal.

The method and the device are used, for example, to synchronize a one-
dimensional modulation signal: ASK, BPSK, etc. or a two-state CPM signal of MSK,
GMSK or other type.
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15 the interferences, by using the first and second
correlation matrices of the virtual observation
vector X((n + 11p) 7-). The device conprises, for
exanpl e, an array of virtual-sensors (N+1 to 2N), a
filter (1), a device for correlating the signa

gggﬁlem-ée flrrév%ghgn as; b{ e[r?a %g‘a(fg e ﬁtlgge\:islt F?gl rélﬁlggng, w1th constant
perfohbflealcdls S ti@N@mbdrt ofC Sdhs@tk Sia neoémrbhsaldaald@\mal@s abpessible to
to convert a twp-state CPMsignal into a
enviage fchronization Hpmsy fngle anteprd indheBrgserea of A inderfarense.
are used, for exanple, to synchronize a one-
dinensional nodul ati on signal: ASK, BPSK, etc. or a
t woother thar@RMissicy ral adﬁ/arw&es of2the @uBino mventiar Wily hecorse more

The, i.nventi,on has th adyvant.
aDPPBGL 0N A Mo SR e P oY PRV PR an ppap means
11mﬁfng~°e§@r§ﬁre5m|tmaﬂrﬁﬁ@&iﬁ@ﬁ*eﬁ%uﬂir‘éﬁreﬁéﬂfes it possible to

envi sage synchroni zation froma single antenna in the

or dSeweel of fanctionale diagrasmd. the sgné¢heenigitionadeaed sedogding to the
anq ggvantages of the present invention will becone
mor 8V ™§Bar ent from readi ng the description that

kol pigie DfcoRfgirhtidts ExaatjldefondPtigl BgcARANStioh iifMtHel fidsence of a
exanFIe with appended figures, which represent:

glg@ %Kinwﬁﬁzuﬁttlonal di agram of the synchronization
he . Fi 2
B e TP BreBr L Tr s risar g tiapo i 8 ey fhe fter.

the presence of a BPSK interference, Figure 3,
exanpl es of useful and interfering constellatlons at

the outiBwE lofeprasentsial klagk dlasragupﬁaq CYEpPlagetrvicearppging to the
1nv9rltﬁ)9r1ﬁ‘%eoéa598tt‘ %ﬁﬁgﬁlrﬁs ﬁ)\ﬁ'c% }g?&ﬁ%r L O);& N Q&sorjs&_}efcrenccd 1

nvention in e case o a BPS n conpri sing:
to Mum therfegura N Ncslengcn’nenmm enertead drray pbsadsony refarenfedgli-& to 2N in
the :}Ilcgl'ruge? gilrfélg qNg incags El\fof ﬁorrclﬁtirlfl%? | é&%rggge 51]gn£}SI ?ho{f)e Sé‘gnal obtained
froBlROS1ted, it a &VidieN advidxPB @leteetion/eRiramiAtiah). Wi th the
si gnal obtained fromthe filter, and a decision

devi celt® lildrstleiss o prasymlern bl Mieperylterwish the pagicularifynction of
rejé;c ﬁff&?@?cr&es Ind-refecthg B&orfeldidBfatheM th the particul ar

tion
The decision device 3 is for calculating the sufficient statistic and comparing

this statistic with a fixed threshold. These mechanisms are described below.

This example is given as an illustration in order to understand the invention. It
is obvious that this scheme can be modified and adapted to the processing of AM, ASK,
MSK or GMSK, and other signals. This list is given as an illustration.

Before detailing how the steps of the method according to the invention are
implemented, some recaps and assumptions to enable it to be understood are explained.

An antenna with N narrowband (NB) senscrs is considered, the antenna
receiving the contribution of a rectilinear useful source, assumed to be BPSK (binary
phase shift keying) modulated for simplification purposes, and a total noise consisting of

rectilinear interferences and background noise. Given these assumptions, the vector,
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pat hs. The decision device 3 is for calculating the
sufficient statistic and conparing this statistic
with a fixed threshold. These nmechani sns are descri bed
bel ow. This exanple is given as an illustration in
rder  to under st nd t | nvention. t 25 1S .0bvi ou
X a1 CaMB IR & 08 B DA SEBlE AR i) atout of the
of AM ASK, MSK or GVBK, and ot her
Sen&ﬁ?ggﬁaﬁn%mis list is given as an illustration. Before
detx(icTé)ngz h@((kt—ﬁgﬂs) Bps of(MThe nmet hod according to t(é
invention are inplenmented, some recaps and
whexs Jierip theosamplingepraiode b7 T plotopie sameledtteigh ngise vector, uncorrelated
enna wi.th N parrowband

wi ffabe ?%urggﬁé\ﬂaﬁlﬁtwcmf N i ﬁgB%ﬂﬂ%nels associated
WItﬁ%thb@gg%aglb ,sqhé &%ha%ag%ggll% %gfg&él %s%gm 56l 8 egﬁ?% be equal

to ShiuRIpIé bEa} llﬂmeoi#ﬁd?@ﬁ@& sﬂpqilcay,t@.tia,l(z) RO tecomISt shveldpe of the
of rectilinear interferences and background noi se.

BPSK wecful higsd gazsbypt i ons, the vector, 6 x(kTe), of the
conpl ex envel opes of the signals sanpled and obsg{ved
t 1 hg Oft ppirofahhe sensors is given by: x(kTdp)z_
ﬂg((k ?6 g)T ) hs + b7 (kTe) (1) where Te is the
sanpllng peri od, b7(kTe) to the sanpled total noise
ector, .uncorrel at ed

f 1S .4 ..
wheRgnggtd a1 Grooma <ripist Y pddbBRebdSh ihq RRMIGEN difibied o
cor1%§§(91‘agrg L%Qhe ﬁéﬁnﬁ s%ﬁeﬁg uf 1ssth§55%bol Hrdtidn! f8umed to be such that

propagat i on e ay o useful “signal, assuned to be

T =enfipawheteqp & aruintéget,e(9fis the raised basinusoidrkfrmaiing ﬁlter (Y2 Nyquist
sinmplicity, and s(t) is the conplex envel ope of the

filt@pspd us isfareakyajnaroniolléng thy insyntaneeugpopvergf s(4)+1t shqydd be noted

thaﬁ ﬁ%eﬁ&ﬁ‘&&”é‘ﬁ%“ﬁeaemo%%ﬁ%r)ﬁ é}%g{q Fb\ﬁ]ta}é(aﬁ?t:”%? qt??e?atdmag, which 1is

pro@@ieie $RoBtHnKe t Rort Hrépa gﬁk&fﬂ if ebe SIpaOR|(Sateliltel ﬁldcbﬂmumcatlons
synbol duration, assumed to be such that T =

airpaieradiqsomsnumicatine®gerr chappely wigh flak fading é&ﬂe@sradw@nwmcatlon
formatting filter ('/2 Nyquist filter) and s is a i

sitipgians nadruerbeorarea)] I paptichler, i fos & amopagetiors ipdiserspade, ks A &% s
s(t). It should be noted that the nodel (1? assunes

whese dp andhs respectivahyrrertesnaing e the Rhapmansiihe sentrrlingurecear of she useful

signal.
However, the method explained in this document also applies to time-spread

channels. In these conditions, the useful part of (1) in fact corresponds to the contribution

of a path or propagation mode. The other paths are in the total noise vector.

Second-order statistics of the observations
The second-order statistics, considered hereinafter to correspond to the first,

Rx(k), and the second, Cy(k), correlation matrices of x(k7,), defined, given the above
assumptions, by:

Ry(k) A E[x(kTe)x(kTe)|] ~ ms(k—1lo) hshs! + R(K) 3)
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15 produced, for exanple, for a propagation in free
space (satellite tel econmunications, airport
radi ocontmuni cati ons) or changels with flat fading
(certain radi ocomruni cation “situations in an urban
area). In particular, for a propagation in free space,
hs A ol~-s s where and s respectlvFIy correspond to
t her(hhsb Emetk Tiehe(4¢ aﬁt Ir &l | sblg—Vechohs oft e usef(d)

nal . 20 However, the nethod explained in this

whighdgneiondhe gmepplas swich s theBl S msefl signplierslosfagionary signal
andttngﬁal%?% il LRSS sumﬁ &€ E}H:llosl?ﬁ{ohars'fwﬁ}i[?he stE %%hcal frequencies

corresponds to fhe contributl on

as the opdiglast gnah) wiocleis i partiotlaethepatehia the presamce b‘émt&mﬂlmterferences
noi se vector. Second-order statistics of the

In thesabovatexpressidis, The sinc orstendfickecorgtgate shnspose, R(k) A E[b7(kTe)
conS|dered herei nafter to correspond to the first,

by(in) T} an@nd(Hhe SEBeIdy) B4k, T aké erk:@febwuyrahélm@t_s affl second

defined, given the above assunptions,

co@m@ (r%tﬁ%eg%ﬂfgi TR oTa(c ) By RelPy ﬁmnwamus

povkdrtof thdhsefdlisedhalRIRERED BY ah BEnidiFgRtibihl 36nsBH €t aaf&opzig@tlon in free

BPSK useful signal is a cyclostationary signa
Spag¢te total noise is also assuned to be cyclostatlonary
with the sane cyclical frequencies as the useful
signal, which is in particular the case in the
Summmeﬂnﬂehopnﬂﬂhﬂrnal interferences. 5 In the above

i R B o B S BT REP BScicay

for Q%&T@ﬁlﬂtloﬁrﬁlr?é‘s%Q ewhickah¥ank W8 dattictlaranst HEGRBEI signal s(AT) is
correlation rices of the noise vector, bT(kTe),

knoftisétey iktetvplssyikiTe dhiation of Kheymbods, subeseyg® ussthe pomber affsamples of

the 3Bt Sedheny. P el SRR atrae REILELD 358 S Rnemaponn. te
problea i PG4 FEREBE ARG B AT 1S S?Efat% lo, of Lo from the

per i.odi ca nchronj zat i urp
obsFg, hgn s B@r‘f(kie&agﬁ*e’ﬂgtn& B BB e pi - 1 s
pro. g} as p'alsq ga@%%g%ﬁl}%gm digrs 2a?r§:>2t§v{cgfn th?l%c t}}1<e %g‘vovgl sSa’mples s(kTe),
0 £ kK £ pK — 1, are optimally detected from the observation vectors x((k+/)T¢),

0<k<pK-1.

By taking the optimal synchronization instant /,7, and considering the

situation with two assumptions:

HO: presence of only total noise in x((k+/p)7T¢), and H1: presence of total noise and the
useful signal in x((k+/p)T¢), the following can be stated:

Hl: x((k+lo)Te) = s((kTe) hs + bT((k+lo)Te) (5a)

HO: x((k+ip)Te) = bT((k+lo)Te) (5b)

In this context, according to the statistical theory of detection (in the Neyman Pearson

sense) [8], the optimal strategy for detecting the useful signal s(k7¢) from observations
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R(k), C(k) and hs to be unknown, the problem of

opti mal synchronization is tf? find the best estimate,

lo, of 1o fromthe observatton vectors x(kTe) and

know ng the useful signal s(kTe) for 0 < k< pK - 1.
x((lgg&:)ﬁ"e)( E\ge?%%g&rkﬁ%%? @13 lijrlél}lslga geiecﬂ}? teolsf tlanﬁ%mggre %nh aqmeshold the

; the ob t t
SR EI o {1, DSer et o, et

SE&;&;%’ 5 Mlﬁi&?fﬂ&ﬁ%@%””ﬁ@iéh?% Lfeom '
ot se and PEABHaITeR Sk s - L PIGECS ey e

follow ng can be stated: H 1. x((k+lo)Te) s((kTe) hs +
wh&gﬁ)gkai-@())jf?) 0(SRx prkHOL /M b+ ®N TS the Toditidrial pRbabidby) density of

hi's context, accord| ng to the statistical theory
the QEct&er@zcve)ﬁhxgnmzosmT VQP(BKEQ‘—‘OMGPJ)TL gwéﬁnfeea)ssmnon Hi.
rate for detecting the useful signal
s(kTe) from observatlons 8 Xx((k+lo)Te) over the
duration of the training sequence, is to conp (?revm

a t hr eStfoldga of fhe invepldey forniebiatq gxRle/fhe gqceyd-pgler non-circular
nat&tgldr rﬂﬁfml?é{'ferex{c@ thﬂ): K8e %Bg‘ (l{eka"élsﬂ)la—t?c)n oftotal Ko as ki n(;-lse And that
Xi S X T 05k where p[x((k+l o) Te),
of the stapdmanty[ of thidi tq)tat n01se @q:tam)ng enly hre todal diotsesample or each symbol
enS|t 5 the vector [x(l0oTe)T,

ove E}tel-ﬂ%t %ﬁ‘ﬁj %@F% 10 1)Te) T] T given the assunption

Hi . ThEhis ean®fthdthevdrnue duiadioni f thettailidg tsequexpd, anly the noise
the second-order non-circul ar _nature of the
vecfang b7 f(leiehaed), Osin © Kkedpragpnsideredssunpt i on of tot aI
Gaussi an ohse and that of t(ﬂ) bﬁt at | onarlt)( 1
total ATt SIRPIN NS PERECT Y Jeniibi 8 F&S? engigs vector
b symhekived By.over the duration of the sequence.
ﬂ?ﬁ?? rr)gg?séthatgy over the duration of the training

p[BgUUspee)TINAY the noise vectors b7((lolp + n)7), 0:5
n:- K- | are considered. Gven these assunptions,

Mg READA! R -AanS B M9k 4 Rt RL@) MBIRE RSP (1)

where BT((lo/p + n)T) is the vector (2N x 1) defined by B7((lo/p + n)T) A [b1((lo/p +

DL, br(Uo/p + M) 11T, and where Rg(lp) is the matrix (2N x 2N) defined by:

RUo)  Clo)
Rp(le) & E[BT(Uolp +mT) BT(Uolp+m)DT] = ) ] 8
Clo)”  RUo)

In these conditions, assuming the vectors B7((lo/p + n)T) for 0 < n < K — 1, to be

uncorrelated, the likelihood ratio RV, L(x)(/p), defined by (6), becomes:
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bi((lo/p + n)T) is given by: 15 p[BT((lo/p + n)7)] A
Ndet [ RB(10)]-1/2 exp[- (1/2) B7((lo/p + n)7)tRB(I0)
1B7((lo/p + n)7)] (7) where B7((lo/p + n)7) is the
vector (2N x 1) defined by B%((Io/p + n)7) A[b7((lo/p
+ n)7)T , b7((lo/p + n)T)t]T, and where RB(l10) is the
matrix (2N x 2N) defined by: R(10o) C(lo) RB(Io0)

E[B7((l o/ pg+1n) 7 B7( (] o/ t] l,0) * .0} *
(5 5001 h b %n%«logg%wﬁa nf @ﬁ%/ by B o
B#an.)/p+ 05N < K-
uncorrel ated, thell R@ﬂ@uﬁ‘bﬂ"ﬂhﬁ’é«lﬁw* "ET))@(?V@)
defined by (6), B&tbmes: 9 K-1 B I/+n X + n)T) s n
Hs / s(nT), Hs, R(lo)] L(x)(lo) 4 n=K- 1n 1-«f
PLB7((lo/p + n)7) = X((1o/p + mT) / RB(10)) (9)
whiB eREvEdGs (BRHOTSX((AN * nh)) a{d HQ/(Bxténded IoropHdtidis channel vector)

(extended propagation channel vector) are

R Wil L) DR 8 T

uantTl g]sr Hs and RR(10) are assuned to be unknown and
Hg 1 6hs béisEl v dpE aewltueﬁ f(sgpd HRB({ch @rer asgypedhier ke yrknpwa and must be
maxj pum | i kel.i hood sen In these condition C
repfecs ol DYHAEIT CHFEF Th he nm AL RERPESY SFHsh %Jbsstei cgagitions, it

canof)e tsH@vE?}Hﬁtesd?t'eP'ﬂ eV m%en‘?’&ﬂlcgl‘ ﬁiaﬁﬂﬁda‘ﬁb% 'o?tthg efxﬁfes§15§ 9), a
et éction of the sequence s(n7) fromt

sufﬁecmtostgtlst»c( fdrothe eptimpaf) q_letwlem oﬁ@edmcaltemms«nﬂ’)tﬁmn the vectors

RS oy S S8, B R SRR F 5 08By non

circﬁﬁg’}&%f&oﬁ&(%{\)eg)oyz( 10) C (1/ K) ! S( n7)12 n=0

A 5 -1a,
EnCIRLRUo) D rxs(lo) iX(lo) rxs(lo) (10)

(l/K) L, Is(a T2

where the vector ¥ x5(/p) and the matrix R x(lp) are given by:

K-1
sty & Ly X(Uolp+mT) s(aT) an
K n=0
N 1 K-1
Rxto) & — 5 XWolp+mD) X{Uolp+mD (12)
n=0

where 0 < C NCIR-LR(lp) £ 1.

It can be deduced from the above results that the optimal synchronization
strategy with non-circular Gaussian total noise, called optimal strategy in this document,
consists in calculating, at each sampling instant /7, the expression C NCIR-LR(]), defined
by (10) where / replaces /oy, and comparing the result with a threshold, which is set for a
given false alarm probability. The optimal synchronization instant then corresponds to the
instant [Te = loT ¢ such that 10 generates the maximum value of C NCIR-LR(J) out of those

that exceed the threshold.
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10 where the vector r"Xs(1o) and the matri x RX(10) are
given by: K-1rXs(lo) Aly X((lo/p + n)7) s(n7)*
(11) K n=0 K-1 RX(1o0) X((NéB/p + n)7) X((lo/p + n) 7)
t (12) K n=0 where 0:< C R-LR(lo) <_ I It can be
deduced fromthe above results that the opti mal
nchroni zati on ate wi th.non-circul ar
The Sr S Rhamesiol IR Rt | TS CPRPHSE 1 for (pple, the
fouswmgrge@ts; consists in calculating, at each sanpl i ng
instant 1Tei the expression C NCl R LR( 1? def i ned
( T0StemRe Ietializagpn 4 cebnin d/miarid Oclorgsamplg) andkcheies pf thedetection
with a Lﬁhold which is set for a given false
al ar M 6%‘8 ility. The optimal synchronization instant

S, o T L
t 2 . 10 _The
sy'gitﬁl? %h%?&f%‘l‘?g)r‘(?gﬁ%sb&ﬂcg‘?g gtl’cg IY@R’\U& SI gnal s
! A '
oo i 35 Tomdtinarone AGrm AR g oGl Bexanml o) “and

ch detectlon threshold (3 5 - Step 1:
Es?gtgfg?o%%&% "%s() and of RX(1) - Step 2:

Calcula(t)l@pc icient statistic C NCIR-LR(I)
- Step 3: Oo%’p%é&é%@%? C NCIR-LR(I) with the

threshold R . Repisgon o If CNCRLR(I) <R
10 ~ | f cmlgéﬁﬁ?%ilf <f'>[3B 1=1+ 1

o [=/+1

e return to step 1
“If C NCIR-LR(-1)2 B
e The synchronization instant is ZOT e Where [ = 20
maximizes C NCIR-LR(]) over all of the / stored
o If CNCIR-LR() =B
e Storage of / and of C NCIR-LR(D

e [=]+1

e return to step 1

So as to give a more physical interpretation to the criterion C NCIR-LR(), we

introduce the widely-linear space filter /4 OA[w nc(l)T, W nc([)T]T defined by

WA Rxiy ™ #xs) (13)

By considering that the sequence s(n7) is a particular form of a random signal,

the expression (13) is none other than the estimate in the least squares sense of the widely-
linear space filter, W(/) A [wnc(l)T, wnc(l)T]T A Rx(l)_erS(l), which minimizes the

mean square error (MSE) between the signal s(n7) and the real output WTX((I/p +n)T) =



return to step I ~ If CNORLR(I - 1) > 3 The
synchroni zation instant is |oTe where 1 =to 15
maxi m zes C NCI R-LR(1) over of the | stored o If C
NCIR-LR(1) ? R Storage of Ilind of C NOR-LR(I)
1=1+1 return to step 1 20 So as to give a nore
physical interpretatio tr_‘he criterion C NCI R-LR(1),

R A V(11 o0 whive Wiz b o5 aaBEY ALY FenTIX(2) A1) and
wne(l) T, , nc(l)~]T deflned by W(l) A RX(Il)-

rXs(z%%( Eix«zl,?»% nE}?) BUTronsd detd Amattas, thaenﬁeﬁaﬂ@%fﬁmm defined

particul'ar formof a random signal,

by (&@pweaellghas(ﬂe&)m répaced g /ohkesrthe ﬁﬂrownﬂi@foemtl nrat e in the
| east squares sense of the wi dely- Iinear space
filter, WI) A [vvnc(l)T wng4)fF]T A RX(1)-1rXs(1),
_which minimzes 5 meal/Bquar endip bMT{NEE) bet ween
Cybr-lynal s(nT)=and the Ip + n)Ty =
11 2Re[Wx((1/p + n)7)], where® WAISAAIT w]T, RX(1 A
E[X((l/p +n)7) X((Up +n)1)t] =AY rXs(l) A E[X((I/p
K-l—ln)? S n%) d In these conditions, the criterion C

WY@t i ned by (10) where 10 has been

releaCIea %)(2 , takes the follow ng form K-1 (1/K) E

Ync("@:ldls(" n) 7) s(n7) CNCLR-LR(I) - n =0 - _ (1/K E
Is(n7)1 n=0 K-1 E Ync((1/p + n)7) s(n7) n=0
(14)

5  where yuc(({/p + n)T) corresponds to the output, yuo((I/lp + n)T) A /4 (I)TX((I/p +n)7T) =

2Re[ w nc(l)Tx((l/p + n)T)], of the filter W(l) the input of which is X((!/p + n)T).

In these conditions, the sufficient statistic C NCIR-LR(]) corresponds, plus or

minus the normalization factor, to the result of the correlation between the training

sequence and the output of the LSL space filter w (D), as is illustrated in figure 1.

10
Thus, as long as / is not close to /y, the sequence s(nT) is weakly correlated
with the observation vector X((//p + n)T), the vector W(/) is not very far from the zero
vector and the function C NCIR-LR(I) approaches zero plus or minus the variance noise
due to the finite duration of the training sequence.
15 Conversely, at the synchronization instant / = [y, the sequence s(nT) is perfectly

correlated with the useful part of the observation vector X((//p + n)T) given, under H1, by:
HI: X((o/p+m)I) = s(nT)Hs + B((lo/p + n)T) (15)

and the vector rys(/) becomes proportional to Hs. Then, the vector W(/) becomes
20  proportional to the widely-linear space-matched filter, Ws(/) A [wne, S(Z)T, Wne, S(I)T]T A

R X(D—IHS, which corresponds to the widely-linear space filter which maximizes the signal

to interference plus noise ratio (SINR) at the output. It is easy to check that this widely-

linear space-matched filter also corresponds to the conventional space-matched filter but
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KEIs(n7)12 n=0 (14) 5 where ync((1/p + n)7)
corresponds to the output, ync((1/p + n)7) O
WDtX((I/p + n)7) _ 2Re[ nc()tx((1/p + n)7)], of
the filter WI1) the input ofi2which is X((p +n)7).
In these conditions, the sufficient statistic C

NCL R- L R( | ds, . pl j t he. .
for RS R o6 N SRRER WP oA Bof Hich b gharpelppctr s
H Bet MEstseh /R téthivdltdd @oiss BIYEHBE- MY at the tigiet(ip +of Tt he

LSL space filter WIl), as Is illustrated in figure 1.
10 Thu3ne esnsequegeasf Ithis sesultt is shastbe tvoddlgilinearespaceroratabed filter

7) i kly. | ith.th '
WGPl bF oot )18 A el dublags AREERRE: BPp qngray of v
sengac{rg Thd gﬁo%eﬂa‘i’ticu\faﬁ 5 —anglcliffeal WREHE R RN ik @Isle{ljseor, hence

pprodches zero pl'ds or mnus the variance nois d
the tconddpe of ismigtecardermatinwrfersce hancelation (Sh 1€ qlleame evhet X increases,
Conversely, at the synchronization instant 1=10i the
the saigrien ceNE(RIR(D $orger beppropchesdhe enaatisoCNCIR LK) given by:
useful part of the observation vector X((I/p + n)7)
given, under H 1, by: ,HL X((10/EF{ n)7) s(n7) Hs +
CBT&(h&@E A nyﬂ%ﬂf£5§dan§&ﬂdb=yed§ Inkol 1) beconpg
e onal “T0 F5. g Then, the viecfsmR)dy) becones 20

proportional to the w dely-Ilinear space-matched

oS Ao A A B R s e

WY & i Beripling $5stdli €, &) @8led tho i nterference plus noise
Sgézio (Slﬁgyéat thé’éttput. t is easy to check that

t hi idely: 1line einmtched filter al so
coﬂsgﬁggﬁ@%)tﬁ Fﬁ@i%@ﬁé nti'onal space- mat ched filtera7)
but 12 for a virtual array of 2N sensors receiving a
useful signal for which the channel vector is Hs and
an obs&ssuedng ettethl Geutstin andi arthogdiidllyosequencad Tipisat the pgobability
time (lo/p + n)T. One congequence of this result is

Y

p + ¢
of eorggct rpRChipRigrtin ishdupctiypBpked iy drreyalie) Rlethe BRremster Pnc = K

f. j ecti tQ Risp2 L] .
SRESRLS Bk A B By B e e LB LIRR g e
conRishf WA I thFesFold. MR Hdshf @8hainS tvalill Gh &RE §rdse B &f rectilinear

~ single sensor, hence
interferences.

Performance characteristics
It is assumed that the total noise consists of a rectilinear interference and a

background noise. In these conditions, the noise vector b7((/o/p + n)T) takes the form:
br((lolp +m)T) =~ j1(Uolp + n)T) h1 + b((lo/p + n)T) (18)
where b((lo/p + n)T) is the background noise vector at the instant ((/o/p + n)T), assumed to
be centered, stationary and spatially white, A1 is the channel vector of the interference and
Jj1((o/p + n)T) is the complex envelope of the interference at the instant ((/o/p + n)T). In
these conditions, the extended observation vector for the instant ((lo/p + n)I),

X((lo/p + n)T), can be expressed

X(Uolp+mT) = s(nT)Hs + j1((lo/p +n)T) H] + B((lo/p +mT) (19)
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the concept of single antenna interference

cancellation (SAIC). Then, when K increases, the

criterion C NCIR-LR(1) for I1 = to approaches the

quantity CNCIR-LR(I0) givenBy: rXs(lo)f RX(10)-1

rXs(lo) [S]nc(lo) CNCIR LR(lo) (16) RS 1 +

[SINR] nc(l o) where [SINRlnhc(lo) ist SINRatTth$
wharaB(is/pof nXheA ibtla)y i) TIdab((Epace) Fad Chiéd & (Ai'ed] | 10and where

W (1l o) at the sanpling instant | oTe, defined by:
the pefmgRp RéQ 4oyl GERzeee eprasdio) -1 Hs (17) Assuming a

total Gaussian ang ort hogonal | y sequenced noi se, the

pr o®&bi #i ®i(k) 1 kddr el synchronization is directly (20)

linked to the vaI(L:J[e of the paraneter Pnc = K 15

[ SICR) ne(lmM)k) mbhich is none other than the SINR at td)

correlation output, just before the conparison wth
wherhen2t isrtes hodrage e afgbeibeckgeavaid moisgalor dadhnsensng, I is the identity

presence of rectilinear interferences. Perfornmance
ma@RaNag NGrand g 305[]11,11 (KT5)| Asis Wnepowdralf thé térGracenedeieed by an

consists of a rectilinear interference and a
ombidokgionahanswifeea plopagdties én freasipace.ons, the noi se

vector _bn(lo/p + n)T) takes the for, bT((lo/p t.n

7-) (|31V(:%| gxpgaq_ovlqg agf’;rrwtlpns+ t&e(mﬁlgil _pomal(a%)n (%fﬁmgnt, ols, v,

where b + [ r.QL j t
berf RS B baBlfes aPh % whoh] e TG WA ARy ARG Rord etina
by thtabiRalakl sédsh fpdidt of the veblotscH Bdd H3, ddesueh el ja s | < 1, is

vector of the interference and 25 ) 1((lo/p + n)T) 1Is
givethky:conpl ex envel ope of the interference at the

instant ((lo/p + n)7). In these conditions, the

ext ended obsem’a[{& on vector for the instant ((I o/g +

)y, 2 X{—/FeWQcaﬁ lodsleep¥ essed X( (1 o/ p @2h) T)

s(nT) HHI((HolBs)+ n)T) H + B((lo/p + n)T) (19)

13 where B((lo/p + n)7) O [b((lo/P +nN)T)T, b((lo/p

+n)7)t]T, H O [h I T, h1 t]T and where the
wheraty iic dlse Pidsp fd ' €f kand whee expy aschetiat R(K)o3LEKD, iklhe spatial

hit + 1121 (20) C(k) 7t1(k) hl hiT ( 211) i
correlation coefficient between the interference and the useful signal for the real array of N

sensors, defined by:

A i1 Thy Y 23)

S TR Pl T2

The expression (22) shows that the virtual array associated with an array with
space diversity is an array with space and phase diversity. Similarly, the virtual array
associated with an array with space, pattern and polarization diversity is an array with
space, pattern, polarization and phase diversity. One consequence of this result, proven by

the fact that |a1s v| = |ols| |cosy| < |alsl, is that the widely-linear space-matched filter

(FAS LSL) discriminates the sources better than the space-matched filter and makes it
possible in particular to reject single-sensor interference by phase discrimination. In

particular, the SINR at the output of the widely-linear space-matched filter Ws(/,), defined
by (17), takes the form:
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5 where 712 is the average power of the background
noi se for each sensor, | istheidentity matrix (N x
N) and 7cl1(k) A E[J/ | (KkTe)l2] is the power of the
interference received by an 14omi directi onal sensor

for a propagation in free space. G ven the above
assunptions, the spatial correlation coefficient,

als, v bet ween the i nt eef erenc an he useful sign
fc[StNszc&WtUal att ay Q efined 10 by P4
the normalized scal ar F"c?@&ct of the vectors Hs and

H, and such that 0 <_ Jals,vl < 1, is given by: Hl

whérbﬁs aAS(hgTh‘s) gl sh eaby (@Z}lel(lbﬂmH]ﬁz (Hse &ipyeskidn\(@ersBows that
I's the phase of hsthl and where als, such that 0 <

SINRQ,W& eﬁdeci‘ém‘h? %@B'o@koszﬁpﬁﬁ L P%n Rkl f%s%ﬁm’atlm value in

I nte erence and 't sig for

the %@@lnc@{)f ﬂ)ﬁtlﬂfdliﬂnn%ﬁatﬁ%rb%@\b&n e hidradidal akddhe nlltt:fférle%é"(hl sl=
lal'sl e JW(23) (hl hi) s) The expression (22

1), sxﬂ\wh&stpl’taiucémﬁl pdrtitulad foaarsinglassoer @tadioni Inthase cmndarpns for a
Wth space diversity is an array with space and phase
strogg yteference (817 |l brﬂl‘eyeXpF%éwOl(?‘l)délfeséle’r fym: associ at ed
with an array with space, pattern and pol ari zati on
di VeINRipe(lo} an2arday wslzw 20 space, pattern, (25)
pol ari zati on and phase diversity. One consequence of

an éﬂyréssroﬂwhépen@mwm babntrohed bpok ifthéosP @l snd/bhowikgh Shpacity to
Jcosyrl <_lalsl, is that the w dely-Ilinear

rejesPRCEH AL maﬂerémdeﬂg'rphaéd:dﬁ&rhﬁin)m@h acClongangt e t ke, i.c. as long as
sources better than the space-matched filter and mak
theget is 4 phasepdliscrimpingten betyyesn the %éﬁubétgngk Aed éh%gﬁéré“rrence with a

deghﬁi%ﬁgﬁ 6f %ﬁfer%ﬁnm%aﬁhéﬁgth eﬁﬂ to/the siR@tibh $ R absence of

INR at” t out put of t l'i near

2, VW(10 deflned 25 b 17),
mteﬁ% %e“ﬁ}&%ﬁgrwmﬁ& S §nczl 0) =2es [1 .-ygél )

Ialsl2cosZ\V] (24) 1 +2F_ | where cs A (hsths) its /

Zﬁgv\g n%d 5 ples &h t]étvloqui?)le?ur}fa%r% % and-li-rl?t%rrr?f):(do AR eﬁl%ng %é‘lgting to the

differential phase y are illustrated in figure 2 for a propagation in free space and a BPSK
interference.

Furthermore, figure 3 illustrates the operation of the widely-linear space-
matched filter in the presence of a strong BPSK interference, which compensates the phase
of the interference and phase shifts that of n/2 so as to minimize the contribution of the

interference on the real part axis.

According to one variant of embodiment, the method according to the
invention is applied in particular to the GMSK modulation belonging to the family of
continuous phase modulations (CPM). It is shown in [6] that the GMSK modulation can
be approximated by a linear modulation, generating the approximate useful complex

envelope:

s() =~ Us ¥ i bu it - nT) (26)
n
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[SINRfnc(lo) is a decreasing function of cos2w, (Xl sl2
and El, taking its mninmmvalue in the absence of
spatial discrimnation between the useful signal and
the interference (lalsl = 51§), whi ch i s produced in
particular for a single-sensor reception. In these
condrtrons for a stroH% interference (cl>>

whess Bn &s il e radpmididewaniagles cTRPOPAPRIY H@(rwwamﬁwb if the
g P P2 SoL el PERER ool 7 g oo

durétRinegid frptHeirbdln@Ble shagiag fiteewhieh l@yrradpaﬁes either to the main pulse in
discrimnation as long as yV.# 0 + kit, i.e. as |lon 9

the 4 gurentbreglkdawn gr ﬁledwars@ulﬁﬁ Fohe dFarhEd BHESHE e o PEPTE. In both

casé$d ?r(eﬁtrmé'b@ L o? tshﬁ) FOViRbfeR BNGRd thd Eaﬁmﬁe@%glrsﬁﬁila&ﬂ R at the
of 'the per characteristics conpar ed

symbiot m:atrgenenam tdméy dosemnor-zofo vilmsecdreasporckng tmy‘(@astrhngnammum
with cos2W Exanpl es of favorable, unf rabl e and

valyentQdy il 4P §YQ LB BHS P%roaf*rrarg Veliepnd(Z)1gnd A=1), such  that

y)dt }5 ?ﬁ@ athepclt?& G ok fidn lwrgté@g@gkrﬁhg tﬁggg,ﬁgr% I(sm of (1)

ion 1n ree space an rence
Egrt er nmor 3 illustrat e.operation of the
bY Ji d%q”?at“f‘ﬁg@ré%%gtc?g led sizga IFIY;(F@I& %ﬁbey presence of
a strong BPSK i nterference, which conpensates the
s & Biizhe iyptef T Erianfien am)Tpiasi vs thinf f(m-hed Thof  (27)
2 so as to nt%intze t he contrlbuthpn of the 20

|nterference on the real part axis. According to one

vari ant oftgﬂbodlnent met hod according to the
wherg etk Boni i's ﬁaﬁpu%ewﬁvi}@mtﬁhwpar filtep of e ized and derotated

OMSRSAH, Sr AR BP0 Bl s BEIBEY S Bk i
sam%trfﬁg Q%‘ﬁﬁél%tec‘tﬁfﬂ vath B GPRIOXEIBSshr&Y toaBi’SI@e'Wle ﬁrst lies in

atio generating the approxi mate useful conple
the éfaatethatpgi() S§ mpt @ ' tyquist ilfe tand thar) th¢ ater-symid mwnfgre@ce (IST)
app?;]fé ;ﬁ?riq]gl:ggqt{gggp%%nwbé%ghe\é% :qgeb 1l§ M&r iﬁ% eggrcljcli Plgs in the fact that

fd(tﬂbs rggget(g ﬁlaflur.}é{mn dreegl \% srt)%aﬁér(cg te(s) %C}%@ L%Ertvg n}chomplex values.
val ue shapi ng f||ter mhlch corresponds either to the
mai n pulse in

Extended observation vector

To simplify the analysis, a useful signal and a GMSK interference that are
synchronized are considered. In these conditions, the observation vector sampled at the

symbol rate and derotated is expressed, for the synchronization instant /o Te,

xd((olp+m)T) B 7 " xl(olp+mT) = i " s(uT) ks + 5 " j1(aT) k1 +§ "b(Uolp +m)T)

(28)
By inserting (27) into (28), we obtain:

xd({lolp +m)D) = p [A0) bn +ifA=T) bnt1 —jH(T) bn—1] hs+

11 [A0) bh +if=T) bl i HT) bh-11 b1+~ " b((lolp + m)T) (29)
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the Laurent breakdown or the best pulse in the | east
squares sense, for exanple. In both 5 cases, the tine
bearer of f(t) is approximtely 4T and the sanpled
version of f(t) at the synﬂg rate generates only
three non-zero val ues corresponding to f(0), the

maxi mum val ue of f(t)

whegeg [} é'@ntrp](s-lts)e 3%11'5}1(16 th%wéqﬁ%elrmmg %2 ?w%ere_zfe ((Esp %e sgmbol n of the
mtqf%@)ngglﬁ}%@dégfhgts poogpgg(etg)?c{ehg% Q\égPr\éSsé%mplgtl}erFé}/qnﬂgd derotated
SRSt R ol T a8 )

7 wher dit) A T f(t t
Lf%d)(glg’ﬁf gﬁaﬁi’“ﬁ ) té? Hfj[f(ﬁgsé’ )Q QDZ“' *
derotated GWBK' si naI It cawBRe deduced from(27)
t hatl AN a1 Hasl &Jﬁeﬂflbﬁm—oﬁ(f)ab $kH3 igBal(lo/mamplled at
the synbol rate but with two differences conpargg)to
BPSK. The first lies in the fact that fd(t) is
quist filter, and t the jnter-s

"2
wharp B Fapenti)(A55) " lalBioa D ot Bk Ualp i PHAF magd J is the marix
(2Ag§5&%%ﬂ$§eg9tched to the_fllterfd(t) The sepond !les

[

that fd(t) is no longer a function wth

realspval g but beconmes a function with conpl ex
j\al.yes tended observation vector To sinplfy the
andlx§iaq useful signal and a GVBK interference that

are ~ 20 synchroni zed are consi dered. In these

condi tions, the. ops ti.on vector sa led at the .
wheG§ e OPEE sesifivG: G S0t Esept malRae (7 o) fomparing (30) and
(19}5¥P@JﬂrBE'He€§Eédoﬂﬂaﬂ Rakedihe EPRY sdiﬁlée(sl Q/dBro'fatm @Mﬁ( doditce i (useful

(lo/p + n)7) j ns(n7) hs +j- n jl(nT) hi

(i —wb Of indgreringr() 7)1)) gepgiatespin thﬁQetﬁﬂ¢Qﬁ193b@W)itl¢1h’(®tc(f2«§)i((lom+ m7),

obtain: xd((lo/p +n)7) = s [f(0) bn if( 7) bn+l 12
twors(tdf)st1bailﬂﬂndhsenderit]soﬁbcebnf ppWérs Ty 1 knH; f(p)zr 400 mhnA 14, hi— T) +

+J ' b((lo/p + n)7) (29) 25 16 where | controls the

ATRTBAd bfushan®l ve&Brsi gk leeivedy BRE; \ah@ngs RucH tat e T1H; = 0

synmbol n of the interference. From (29 it is
possi bl e to deduce the expression of the extended

. der ot at ob rat i on Xd Io/p +n)7) A[xd((lo/p +
Lingfaor of e PERE-Uhg Hpereibe, o oy
It can be deduced from the above result that two degrees of freedom are

necessary to process a derotated GMSK interference from Xg((lo/p + n)T). Thus, while

considering space filters ()((lo/p + n)T) A WT Xd4((lo/p + n)T)), the number of virtual

sensors must remain at least greater than the number of interferences generated 2N > 2P),
which eliminates the interest of the optimal widely-linear filters. However, in as much as
the two interferences generated in (30) are two different filtered versions of one and the
same source, the problem of the rejection of these two interferences is similar to the
problem of the rejection of an interference having passed through a multiple-path
propagation channel. In these conditions, the problem can be resolved by replacing the

widely-linear space filters with widely-linear space-time filters.
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Xd((lolp + n)7) sf(0) bn H + Ps [J(-7) bn+l -f(7)
bn-1] JHs + 5 1.f(0) bn H + | [f(-7) bn+l -f(7) bn-1
] JHL + Bd((lo/p + n)7) (:%qt)7 where Bd((lo/p + n)7) A
[j - nb((lo/p +Nn)7)T, | ((lo/p + nN)T)t]T and J is
t he matrix (2Nx 2N) defined by: I OJ J (31) O -1
[ ineSs ect|vel the identity and
svrBrdighdon w02 oo T SRBREEIR b0} na (1) "
can beAdﬁdbllQGmehﬂ"lgiace-ﬂﬁ{el fﬂ@ert(ﬁé" BASKwih Ur c@Sficiants for each filter
der ot at ed GVBK source i
gengratesy atdhe pmcimonizatign lr’@@ﬁbﬁgﬁéﬁe ovtﬁum&!o&m BHadgfined by:
observation vector, Xd((lo/p + n)7), two
statistical |y Hé?epend nt sources of powers 7ti | 02
YRy 7ti 2 A | 2] M X @olp+ i DIRE #iel! 8% sktislnrtan)T)
vectors givgn._rgspectively by H and JH, such that Hi
tJH = 0. 1 letatlons of the w dely- | i near spag@2)
filters It can be deduced fromthe above result that
if Ltiveddss ees of freedomare necessary to process a
derotated GvBK interference from Xd((lo/p + n)7).
Thus, while i%m dering space filters (y((lOlp + n)7)
AW Xd((lao/ p™ n)7)) ,rthe nunber of V|rtu
1EpoF 8) UK reyai n Wy Weitda/p dreatdT) téh&Kvtt h’édst(ﬂzhfer‘” n)T)
of iInterfer enigs_,-_ggner ated (2N > 2P), which
elimnates the interest of the optimal w dely-linear (33)
filters. However, in as nuch as the two interferences

.~ generated.in (.30 ar e ent fiter ver si.ons

it BESGHERabettn i LeiSSGlRCS. Db I pidortelsilp 7 iom D BE defined
rej ection of these two |Tnterferences Jr?r simlar to the

resgecbiptlEno M ehd {B-€E+1)6N > of - -anM(Beey? e eped Yasd(fgp + MT) A

passed through a nmultiple-path 25 propagat| on channel .

XAophese: @ondiyR)Dits..., toeppobkenucan ben! gSof edody and Wy A
replacing the wi dely I'inear space filters with

LG LR '62”??7% THedr SUTRasA(RE FintLA Wllell) S BRI
ace-tine ~p (fST LSL) with Lcoeff|C|entsfor
Xd(égéqﬁ i £/@r+ l)T) L is even.

In these conditions, the proposed procedure for synchronizing a GMSK signal in the

presence of GMSK interferences is similar to that proposed for the BPSK signals in section
5, but where the widely-linear space filter 2N x 1) 4 (1), defined by (13), is replaced by

the widely-linear space-time filter (2LN x 1), W st(/), defined by:

Wse) & RxasiD™' 7 xdsts0) (34)

where the matrix (2LN x 2LN) R Xd s{(!) and the vector 2LN x 1) ¥ xd st s({) are defined

respectively by:



generates, at the synchronization instant |oTe, th
output y((lo/p + n) T) defined by (L-2)/2 y((lof
n7) Y_ Wyt Xd((lo/p + n - q% 4 Wt t Xd, st ((lof
nNT) q=- (L 1)/2 (32) f'Lis odd and L/2 -
y((lo/lp +n)T) AEWt Xd((lo/p +n - q)T) 4 Wt t
Xd, st((IoIp+n7) g=-L/2 (33) f L is even, where
the veoéorls X 18 Wst and det((’!_ / + n)T) 6?

e
Y
p +
1

i
RiefsleP respect Xas{lmy XdAvt{(W(*L)D 12 T .
WL-1)12 ﬁTnaTOj Xd,st((lolp + n)7-) O [Xd((lo/p+n
+ (L - 1)/2)7)T,..., Xd((lo/p +n - (L - 1)/2)7TT
if Lis odd aKO- V6t 0 10 [WL/2T, ...... , W/2 - 1T T

t8(lo /p 3¢ ls +n+L/2)7)T,...,
%‘? tfglip + K - 2} ‘ZQ’S@) #g L is even. In these
condi ti ons, tfhe proposed procedure for synchroni zing a
K si gnal in the presence of GVBK interferences is
simlar to that proposed for the BPSK signals in
: r
In tR&E Lo t(l%r'?\sfth':_é suhw %M@ﬁggt%cf%gga‘%tdtﬁla%s'ta{nf‘?%1';:2@5’1‘%%3% by
the widely-lipgeaq space-tine filter (RLNx 1), Wt (1),

def i ned_by1/KY6ts O A RXd/st b )staHXd, St 55 wcg&mmmsmn
N{@fﬁ%& qu;3 g?(fjmls#O(sz A ZLN)fanég r(espectl eI y 20
18 K-1 RXd, st( Vﬁk é‘f’(ﬂ /P + n)7) Xd, st EP'ZT)lz
n)T)t (35) n=0 er st,s(l) - dest( 1 P+n)'l-;)7
s(nT) (37)

where ype s((//p + n)T) corresponds to the output, yue st((I/p + n)T) A Ws;(l)TXd, sl(I/p +
n)T), of the filter Wst(l), the input of which is Xg sA(//p + n)T). This sufficient statistic
C NCIR-LR(]) corresponds, plus or minus the normalization factor, to the result of the

correlation between the training sequence and the output of the widely-linear space-time

10 filter Wsy()).
The expression (37) can also be expressed:

. x5t sOT R se® ™ P xd 1,50
CNCIR-LR() =T

am Is(rT)|?

B>

(38)

The steps of the method for the GMSK signals are summarized below:

- Step 0: Initialization / = lyyjn (Imin = O for example) and choice of the detection

15 threshold 3

-Step 1: Derotation of the observations and construction of the space-time
observation vectors (2LN x 1) Xd s{((//p + n)T),0<n <K -1

- Step 2: Estimation of 7 x4 sz s(/) and of R xg s//)

- Step 3: Calculation of the sufficient statistic C NCIR-LR(]), defined by (38)

20 - Step 4: Comparison of C NCIR-LR(]) with the threshold 3
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K n=0 (36) 1In these conditions, the sufficient

statistic tested at the instant I Te is expressed: K|

KI (1/K) E Ync, st((11p+n)g) s(n7)* Y Ync,st((1llp +

n)7) s(n7)* ACNCIR—LR(I- AE: 0 (1/K) Is(nT)12 Z

Is(n7)| n0 n=0 (37) 5 where ync, st{(l/p+n)T)

cor ds .to the output, Ync,st((11P + n)7) A
% e%? Pfi/P+ n)T), of the filter Wt (1), the

|nput o ((I'/p + n)7). This sufficient

st atlstl Cc @@RF{‘@(% corresponds, plus or m nus the
normal i zatiQ result of the

correl ation ﬁéméﬁ{%ﬁg )al %i ng sequence and the

output of the w dgly I|+n§ar space-tine 10 filter

Wst (1). The expression (37) can al so be expressed: A
rxd,st,s(l)t RXd,e&t dimltoXetpsit , s(1) (38) A

CNCIR—LR(I) (l/K) EIs(nT)IZ n=0 The steps of the

met hod for tHECQMBKR-sRGRal)s Are sumari zed bel ow -
Step O: Initialization | =Imn (Imn =0 for exanple) ,
and choi ce of thee dghectkymwhronldatiohr askok dis( 3,7 Svhgrell = [y
Derotation of the observations and construction of the
space-tinme obser vatrriaxnnizecoqv@[}{(.gkm avel nl6d st /st +
nT), 0<_ n<_K-1 - Step 2: Estimation of

' Xd, st @(1ﬂca}y@1RoiR(I?§>éstt(l) - Step 3: Calculation of
the sufficient statistic C NCI R-LR(1), defined by (38)

e Storage of / and of C NCIR-LR()
o [=[+1

e return to step 1

It is possible to show that, in the presence of P GMSK interferences, a

sufficient condition for rejecting all the interferences (including the inter-symbol
interferences) at the output of the filter W si(lp) is that the following condition should be
met:

LOeN-1)-2
L+3

(39)

which generates the sufficient condition P <2N — 1 for L that is infinitely great and which
shows at the same time the possibility of processing, using the optimal widely-linear space-
time filters (ST LSL) and for N > 1, a number of GMSK interferences at least equal to 2(NV
— 1) from N sensors and therefore two times greater than could be envisaged with a
conventional processing. However, this condition is only sufficient and does not take
account, for example, of the fact that the correlation operation between the output

yne.si{(lo/p + n)T) and the sequence s(nT) provides an additional SINR gain of the order of

K. Because of this, a rejection under the background noise of all the interference sources at

the output of the filter Wst(lo) is not necessarily needed on synchronization. In these
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20 - Step 4: Conparison of C NCIR-LR(1) with the

threshold R 19 - Step 5: Decision o If CNCORLR(I) <

13 MfCNCORLR(1-1)<R 1= 61 5 return to step 1 ~

If CNCIRLR(1- 1) > 3 Thé synchronization instant

is |oTe where 1 = to maximzes C NCIR-LR(I) over al
conghes mReFRBfeg Jf SRR HCH o bl SR RR BT vy oot
resydRS 8 htnerous sisidons tidkrent 1 the GSM aswele caftext, dolding for

interferences, a 15 sufficient condition for

7€T%bting all the interferences (including the

i nter- ioterf :

1 ter Meag et PUCBEarERy sl hites b b iMou! dRanjageous for
syntigonigiig: BESK [sighals, partigylardy svheB e prloplzahion clelayameptd esiltiple of
th thelsuffichent condition P< 2N - 1 for L that is

CPHPR HIERST Y gr eat and which 20 shows at the sanme tinme

the possibility of processing, using the optim

wi del y-1inear space- time filters (ST LSL) and for N>

1, a nihtperethed dgverbgdnelaveetrphict Jorell | tupest ol gipppgatipn channels

- 2( - rom N sensors and therefore two tines
“”%%%%%ﬁf}%ﬁgh could be envisaged with a conventiona
processi ng. However, this condition is only sufficient

and does not take account, for exanple, of the fact

that the correl ation operati on between the output 25

Ync,st((lolP + n)T) and the sequence s(nT) provides an

additional SINR gain of the order of K Because of

this, a rejection under the background noi se of al

the interference sources at
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the output of the filter Wt (10) is not necessarily
needed on synchroni zation. In these 20 conditions, a
limted nunber of coefficients (L = 3 or 5) can be
used to obtain very good résults in numerous
situations inherent to the GSM network context,
including for N=P= 1. The optinmal w dely-Ilinear
space-tine filters can al so prove advantageous for 5

REFERHENORSKzZIi ng BPSK signals, particularly when the
propagation delay is not a nultiple of the sanpling
peri od. The nethod descri bed above applies for al

11495 BESRIRASPRI 2RSSk ok WA SRLRRI-AImAR) for DA
'I' SybRMCEED Team mmbat% N:ashM,q:p 1009- mggmgg wﬁt em
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CLAIMS 5 1 - A nethod of synchronizing a

substantial ly rectilinear ?Iqﬂﬁi bei ng propagat ed

t hrough an unknown channe I'n the presence of
unknown substantlally rectlllnear i nterferences,

recei ved n array ors in which a kno
= g}e.thqﬁigotgaaﬂgﬂ Rging Fpsiuty eractllbw;ﬁrp?lggalﬁ)@l% RIPpsgied through
an &GS Blaffe1ain theSHERAke LRLBKdoW:S 6itantiaiy recrt@mgar]ﬁlterferences

characterized 10 in that, based on observations X (
reccives) By apvaray bie Ndsenaeisom whichhe mpwnmrmgmge&qqme s nT) is used

wh T/ T nd Te th
conapingd sambp o P BBl AETBROVE bRy Tt B <R gy ngharscterized
in t{h%&( (steJd 3 Bbderation§ &{(n*+ 1/ph1)Tdvdr thd dufatidafdMee tradfing sequence,

wel as a decision criterion or decision statistic
wh«trakp rgl/Tietio ancintagar andhd esthe sAapbngl @eriebra wirfuglipbgervation vector

X(Q'l E/Rgl')g]; :(Q" atl/PglLrﬁr ! @r = §§2}T]?¥%H§ft1/nneg ash eli 65 2 Eleca{lgn criterion

rlc rtua Serva

or a&:lMSﬁts@a’tlsHé (takihg Ling hcoudt -thd recadnartiero ﬂbﬁ-atrbuﬂﬁlr nature of the
nethod as clained in ¢claiml, ¢ racterlz(g L
intes{SFRRCeSs &Y W2 the st A SFaK] doRRe o8 fpaiEcesfQipthe irtial observation

$£6¢ A4m signals: - acquiring observation vectors
VGCE (k /521:) (1/p + n)T), 0:!- n:5 K1, where T = pTe
20 |s the synbol duration, p is an integer and Te the

2 %%'ﬁ gmchg?rp %artl Odmetilmf as gimelae c)dalma}y aractteerfﬁllugﬂ% it comprises at

r bEErvar on ve ors
leas)ﬂ(t}(dfoiﬂoﬁllr@s'féps—fo& Xf(cfllindaﬂsfgﬂhlf) T, x((n + 1Up)TFf]T,

- acquiring observation vectors (N x 1), x((I/p + n)T),0<n < K 1, where T = pTe
is the symbol duration, p is an integer and Te the sampling period, 1 being the
delay of the signal,

- constructing virtual observation vectors (2N x 1), X((n + I/p)T) = [x((n + I/p)T)T,
x((n + Vp)Dt]T,

- choosing L as the number of time coefficients and constructing virtual space-time
observation vectors (2LN x 1), Xg/((n + IIp)T) A [ X((/lp +n+ (L - 1)/2)T)T,
X((Up + n — (L - 1Y2)DTTif L is odd and Xs(((Ulp + m)T) A [X((Up + n +
DY, X(Up +n-L2 + )DL if L is even,

- determining the intercorrelation vector, FX,st,s(l) and the correlation matrix

R X st(l) of the space-time observations, for the sampling instant 1, taking into

account the second correlation matrix of the vector x((I/p + n)T),
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- choosing L as the nunber of tine coefficients and
constructing virtual space-tine 25 observation
vectors (2LN x 1), Xst((n +_L./p)T) A[X((I/p +n + (L
- D/2)DT,...1 X((lI/p + n23 (L- 1D/2)7T]Tif Lis
odd and Xst((l/p +n)T) A[X((I/p+n+ L/2)T)T,...,
X((l/p+n- L2+ 1)TT]Tif Lis even, - .determning
t he defiming ar spekatimentivercd Drand iitsXessitnate( frpmafdX 468 and, ¥ X st,s(1),
correlation.matrix R X, st(l) of the space-tine
obsegvatthan®¥st(HoA t Rex sdimpt Xpgs@nst ant 1, taking into
30 account the second correlatjon matrix of the vector
X({ | @Bfirting)aPync&3nizatistetiiteiiog @NEPRAR (1) tecdridlitarg e output of
and its estimate fromR X st(l) and. r X st,s(l), such
that (Wah6éd-tifte Rt By éndrth3<tr§ﬁ1ir&§§e)luerfé@,f' ning a
synchroni zation criterion C NCl RRLR(l) by correl ating
the Quhpatingdthe drhei&PERCIA-FR(S Withes thYeso{d B sbdott figiven false
training sequence, 5 - conparing the criterion C
NCl RalaRg[probability.a t hreshold (3 set for a given false
al arm probability. 3 - The nmethod as clainmed in claim
1, characterized in that it conprises, for two-state

3 —CPM it & cl@infdeRr Q68 5] Ehrick@2ed Oh tﬁ’diriDE&hFﬂQ:s,t R two-state
recei ved observations. 10 4 - The nethod as cfainmed in

CPM signals2 a pedpapcseting e foriderataiing the peceixed pbygrvations.
RX,st(T)-1TX,,st,s() OCNCIRLRY) (1/K) ElIs(n7)j2
n=0 where the matrix (2LN x 2LN) R X;st(l) and the

4 —The mthdd2dsNlaimey in clXins 2, chptactemized thethatned respectively
by: K-1 RX st(1l) AK Xst((11P + n) 7) Xst((1/P + 7)t
n=0 K- 1

A PxstsOT RaseD 17X t,50)
- K-1 )
(VK) % Is(nD)|
n=0

CNCIR-LR(Y)

where the matrix (2LN x 2LN) R X,st(l) and the vector (2LN x 1) F X,st,s(1) are defined
respectively by:

K-1
R & = ¢ XelUp+ D Xsullp + )
n=0
1 K-1 .
Rsis® & = § Xelp+mD) stal)
n=0

where 0 < CNCIR-LR(I) < 1.

5 - A device for synchronizing a substantially rectilinear signal being propagated through
an unknown channel, in the presence of unknown substantially rectilinear interferences, in
an array of N sensors, in which a known training sequence s(nT) is used comprising K
symbols and sampled at the symbol rate (s(nT), 0 < n < K-1), characterized in that it
comprises a device able to determine a decision criterion or decision statistic from

observations x((n + 1/p)T) over the duration of the training sequence, where p = T/Te is an
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rx,st,smK Xst((1/P + n)f) s(nY) 15 n0 where 0 <_ C
NCIR-LR(I') <- 1. 5 - A device for synchronizing a
substantially rectilinear S|gnal bei ng propagat ed
t hrough an unknown channel 24 n the presence of
unknown substantially rectlllnear interferences, in
20 an ra of N sens ich a kno aii
integ kL6 157 sePppine A £ il SPrivacdoyietr SR = e +
l/p)$ (80+ 3p)D)RET, %H’%Qiecfsﬁinecr(té{dh-rér, deRisich dtatfstic Kakihg into account
racterlzed in that it conprises a device able to
the Gé‘t@ﬂrﬁfﬁ@ @prxj@cquéardwtwu afethp dnfeeferenensi 8V owing: heifyst end second
: Vati t . duratlon of
corie 8 A s 6P el b Bt RAGEL MY
integer and Te the sanpling period a V|rtua
Q vati on or X((p + 1/ (
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sen§b2€ 09+ OB SRt ek Ql ), hAKI08 fdrtbfreREREL WY sigrallBbtained from the filter
second- order non-cifcular nature of the Tnterferences,
andfyony gierfrpining s¢quenee, andia dewising deies reetisingshe parralatedsignd.
the virtual observation vector X((n + 1/p)T). 5 6 -
The device as clainmed in claimb5, characterized in
—t"nfkt ddvﬁceCa%rﬂlﬁlhﬁﬁSm&UIhlﬁw ahantterizéd inathat B eosPEiSes Ndkvit®able to
, a fllteﬁ${ a device for correlatlng t he signa
con@ﬁnt aitviedtats 6RM vigndl inte equasiriectlingsh S &Lt r ai ni ng
sequence, and a decision device receiving the
correlated signal. 10 7 - The device as clained in
8 —dhaiuse &f the maatlawt &rdlziedtdiim ondaf clhitmsclowm osefsthe delgvé aeclaimed in
convert tmo st at e .CPM into a
onegdpie St e ot s ocdimarsndunpdiRich fepaloAsis BPSK.
etc.clainmed in one of clains | to 4 or of the device as
clainmed in one of clains 5 or 6 in synchronizing a
one-di mensi onal nodul ation signal: ASK, BPSK, 15 etc.
9 -Shieu g@ &f ﬂh%%n&ﬁmf !;geclﬁqgséaqﬂ g%m%' AdBrdnd Méeaasmlém%@% ethim 7 to
the device as alnmed in c to synchronize a
synthwonigt atteo-Gk¢ €PYhsignadof MSKS, @MSK arotlrityre. t ype. 20



