
I  METHOD AND DEVICE FOR SYNCHRONIZING RECTILINEAR OR QUASI-RECTILINEAR
LINKS IN THE PRESENCE OF INTERFERENCE  The invention relates notably to a
method and a device for synchronizing a  5 rectilinear or quasi-rectilinear
link in the presence of interferences of the same type, from  one or more
receiving antennas. It can be used notably to synchronize, from the same
antenna, a link disturbed  by interference, the interference possibly being
of the same type. 10 In this description, the term "rectilinear link" is
used to denote a link for which  the transmitted signal is rectilinear, that
is, that it has a real complex envelope, or a one- dimensional modulation,
as is the case for signals with amplitude modulation AM,  Amplitude Shift
Keying ASK or binary phase shift keying BPSK modulation. A link is  said to
be quasi-rectilinear if the transmitted signal is quasi-rectilinear, that
is, if the real 15 part of its complex envelope contains all the information
conveyed by this signal. These  quasi-rectilinear signals include, in
particular, the MSK or GMSK signals having been  subjected to a derotation
preprocessing operation. The invention applies notably to systems using
modulations that are rectilinear,  or rendered quasi-rectilinear after
preprocessing, such as certain friend-foe identification  20 systems (IFF in
modes S and 5) or even certain radio communication networks (cellular or
otherwise) such as the Global System for Mobile communications GSM, for
which the  main source of interferences is the network itself. The problem
of synchronizing the links in the presence of interference is a  25 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  30 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 2  assumed to be not
modulated randomly by information symbols. In fact, only the  maximum
likelihood approach proposed in [5] can be envisaged outside the CDMA
context. However, this approach presupposes stationary Gaussian
interferences, which are  therefore second-order circular, and does not use
any a priori particular ones of the 5 interferences. In particular, the
approach proposed in [5] becomes sub-optimal in the  presence of
second-order non-circular interferences, for which the second correlation
function is not identically zero, a property characteristic of the GMSK
signals used by the  GSM networks in particular, which become
quasi-rectilinear after preprocessing. 10 The subject of the invention
relates notably to a method and a device for  synchronizing a link that is
rectilinear or rendered quasi-rectilinear after preprocessing,  exploiting
the potentially non-circular nature of the interferences and particularly
powerful  for so-called internal interferences which are themselves
rectilinear or quasi-rectilinear  after preprocessing. 15 The idea of the
invention is notably to exploit the knowledge of a training  sequence
included in the bursts of the link for synchronization purposes in
particular, and  applies an optimal widely-linear filtering to the
observations. Remember that a widely- linear filtering is a combined linear
filtering of the observations and of the conjugate  20 complex observations
[7]. The invention relates to a method of synchronizing a substantially
rectilinear  signal being propagated through 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(nT) is used
comprising K symbols and sampled at a symbol rate 25 T (s(nT), 0 <_ n <_ K -
1) characterized in that, based on observations x((n + 11p)T) over the  



duration of the training sequence, where p = T1Te is an integer and Te the
sampling period,  a virtual observation vector X((n + 11p)T) _ [x((n +
1/p)7-)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  30 virtual observation vector X((n + 11p) T). For rectilinear signals,
the method comprises, for example, the following steps: 3  - acquiring
observation vectors (N x 1), x((l/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 + 1/p)T) = [x((n + l/p)T)T,  5 x((n + l/P)7)tjT, - choosing L as the
number of time coefficients and constructing virtual space-time  observation
vectors (2LN x 1), Xst((n + l/p)T) 0 [X((l/p + n + (L - 1)/2)7)T,...,
X((l/p + n - (L - 1)/2)1)TIT if L is odd and Xst((1/p + n)7) A [X((1/p + n +
L/2)T)T ,... , X((l/p + n - L/2 + 1)7-)TIT if L is even, 10 - determining
the intercorrelation vector rX,st,s(l) and the correlation matrix  RX,st(l)
of the space-time observations, for the sampling instant 1, taking into
account the second correlation matrix of the vector x((1/p + n) T), -
defining a space-time filter ST and its estimate from RX,sttl) and
rXst,s(l), such  that Wst(1) A RX,st(l) 1 PX,st,s(l), 15 - defining a
synchronization criterion C NCIR-LR(l) by correlating the output of the
space-time filter Wst(1) and the training sequence, - comparing the
criterion C NCIR-LR(1) with a threshold R set for a given false alarm
probability. The method, for two-state CPM signals, comprises a
preprocessing step for  20 derotating the received observations in order in
particular to render the signal quasi- rectilinear. 



The decision criterion is, for example, obtained as follows:  rx,,1 RX,st(t)
lrx,,st,s(Z)  CNCIR-LR(O (1/K) E Is(nl)f2  n =O 4  where the matrix (2LN x
2LN) RX,st(1) and the vector (2LN x 1) i'X,st,s(1) are defined  respectively
by: 1 K-1 pX st(d) 4 Xst((l/p + n)7) Xst((l/p + n)7)t  K n=0 K-1  AX,st,s(Z1
- L. Xst((l/p + n)7) s(n7)*  K n=0 where 0 < C NCIR-LR(I) <_ I  5 The
invention also relates to 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 10 (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 + l/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 + lip)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 15 the
interferences, by using the first and second correlation matrices of the
virtual  observation vector X((n + 11p)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  20 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,  25 GMSK or other type. 5  The
invention has the particular advantages of reducing, with constant
performance levels, the number of sensors in reception and also makes it
possible to  envisage synchronization from a single antenna in the presence
of an interference. 5 Other characteristics and advantages of the present
invention will become more  apparent from reading the description that
follows of an illustrative and by no means  limiting example with appended
figures, which represent:  Figure 1, a functional diagram of the
synchronization device according to the  invention, 10  Figure 2,
configuration examples for optimal synchronization in the presence of a
BPSK interference,  Figure 3, examples of useful and interfering
constellations at the output of the filter.  Figure 1 represents a block
diagram of an exemplary device according to the  15 invention in the case of
a BPSK modulation comprising: an array of N sensors referenced I to N in the
figure, N receiving channels, a virtual array of sensors referenced N+1 to
2N in  the figure, a filter 1, a means 2 for correlating a reference signal
with the signal obtained  from the filter, and a decision device 3
(detection/synchronization). The filter 1 is, for example, a LSL Wiener
filter, with the particular function of  20 rejecting interferences and
rejecting decorrelated paths. 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  25 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. 30 An antenna with N narrowband
(NB) sensors 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, 6  x(kTe), of the complex envelopes of the signals sampled and
observed at the output of the  sensors is given by: x(kTe) ~ s((k- lo)Te) hs
+ bq(kTe) (1) where Te is the sampling period, bT(kTe) to the sampled total
noise vector, uncorrelated  5 with the useful source, hs is the vector of
the impulse responses of the channels associated  with the useful signal, to
is the propagation delay of the useful signal, assumed to be equal  to a
multiple of Te in the interests of simplicity, and s(t) is the complex
envelope of the  BPSK useful signal given by: s(t) = Its Y. anv(t-n7) (2)  n
10 where an =  1 are random variables that are independent and identically
distributed (i.i.d)  corresponding to the transmitted signals, T is the
symbol duration, assumed to be such that  T = pTe, where p is an integer,
v(t) is the raised cosinusoidal formatting filter (Yz Nyquist  filter) and
ps is a real value controlling the instantaneous power of s(t). It should be
noted  that the model (1) assumes propagation channels without time
spreading, which is 15 produced, for example, for a propagation in free
space (satellite telecommunications,  airport radiocommunications) or
channels with flat fading (certain radiocommunication  situations in an
urban area). In particular, for a propagation in free space, hs A el4s s  



where 4s and s respectively correspond to the phase and the controlling
vector of the useful  signal. 20 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 25 The second-order statistics,
considered hereinafter to correspond to the first,  Rx(k), and the second,
Cx(k), correlation matrices of x(kTe), defined, given the above
assumptions, by: Rx(k) A E[x(kTe) x(kTe)t] ~ ts(k-1o) hs hsf + R(k) (3) 7
CC(k) A E[x(kTe) x(kTe)T] ~ ns(k- lo) hs hsT + C(k) (4) which depend on the
time in as much as the BPSK useful signal is a cyclostationary signal  and
the total noise is also assumed to be cyclostationary with the same cyclical
frequencies  as the useful signal, which is in particular the case in the
presence of internal interferences. 5 In the above expressions, the sign t
signifies conjugate transpose, R(k) A E[b7(kTe)  b7(kTe)fi] and C(k) A
E[b7(kTe) b7(kTe)T] are respectively the first and second  correlation
matrices of the noise vector, b7(kTe), lts(k) A E[Is(kTe)12] is the
instantaneous  power of the useful signal received by an omnidirectional
sensor for a propagation in free  space. 10 Statement of the problem In a
radiocommunication system, training sequences are normally transmitted
periodically  for synchronization purposes, which means in particular that
the useful signal s(kTe) is  known over intervals with a duration of K
symbols, where pK is the number of samples of 15 the training sequence. In
such a context, assuming R(k), C(k) and hs to be unknown, the  problem of
optimal synchronization is to find the best estimate, lo, of 1o from the
observation vectors x(kTe) and knowing the useful signal s(kTe) for 0 <5 k 5
pK - 1. This  



problem is also equivalent to finding l = to such that the known samples
s(kTe),  0 k <- pK - 1, are optimally detected from the observation vectors
x((k+l)Te),  20 0k<-pK- 1. By taking the optimal synchronization instant
laTe and considering the  situation with two assumptions: HO: presence of
only total noise in x((k+lo)Te), and Hl: presence of total noise and the  25
useful signal in x((k+lo)Te), the following can be stated: H1: x((k+lo)Te) ~
s((kTe) hs + by((k+lo)Te) (5a)  HO: x((k+lo)Te) ~ b7((k+1o)Te) (5b) In this
context, according to the statistical theory of detection (in the Neyman
Pearson  30 sense) [8], the optimal strategy for detecting the useful signal
s(kTe) from observations 8  x((k+lo)Te) over the duration of the training
sequence, is to compare with a threshold, the  likelihood ratio (RV),
L(x)(1o), defined by: I(x)(lo) Q p[x((k+lo)Te), 05 k 5pK-1, / 141]
p[x((k+lo)Te), 0!5 k5 pK - 1, / HO] (6) where p[x((k+lo)Te), 0<_ k S pK - 1
/ Hi] (i = 0, 1) is the conditional probability density of  5 the vector
[x(IoTe)T, x((1+1o)Te)T, .., x((pK+1o-1)Te)T]T given the assumption Hi. The
idea of the invention is notably to exploit the second-order non-circular
nature of the interferences while keeping the assumption of total Gaussian
noise and that  of the stationarity of the total noise, retaining only one
total noise sample for each symbol  10 over the duration of the sequence.
This means that, over the duration of the training sequence, only the noise
vectors bjl(lolp + n)7), 0 < n:- K - 1 are considered. Given these
assumptions, the probability density of the total noise vector  b7((lolp +
n)T) is given by: 15 p[B7((1o1p + n)7)] A Ndet[RB(1o)]-1/2 exp[- (1/2)
BT((lo/p + n)T)tRB(lo) 1B7((lo/p + n)T)] (7)  



where B7((lo/p + n)T) is the vector (2N x 1) defined by Bp(lo/p + n)T) A
[b7((1o/p +  n)7)T, b7((lo/p + n)7)f]T, and where RB(lo) is the matrix (2N x
2N) defined by: R(1o) C(1o) RB(1o) A E[B7{(lo/p + n)7) BT((lo/p + n)T)t] _
(8)  C(1,,)' R(lo)" 20 In these conditions, assuming the vectors B7((lolp +
n)T) for 0 :- n :- K - 1, to be  uncorrelated, the likelihood ratio RV,
L(x)(lo), defined by (6), becomes: 9  K-1 n 110 p[BT((lo/P + n)T) = X((lo/p
+ n)T) - s(nT) Hs I s(nT), Hr, RB(1o)]  L(x)(lo) K-1 n g 0 p[B7((lolp + n)T)
= X((lolp + n)T) I RB(lo)] (9)  where the vectors (2N x 1) X((lo/p + n)T)
and Hs (extended propagation channel vector)  are respectively defined by
X((lo/p + n)T) A [x((10/p + n)T)T, x((lo/p + n)T)tIT and  Hs A [hsT, hst]T
T. The quantities Hs and RB(lo) are assumed to be unknown and must be 5
replaced in (9) by their estimate in the maximum likelihood sense. In these
conditions, it  can be shown that, after a few mathematical manipulations of
the expression (9), a  sufficient statistic for the optimal detection of the
sequence s(nT) from the vectors  x((101p + n)T), over the duration of the
sequence, 0 :- n < K - 1, is, for a second-order non- circular total noise,
given by: CNCIR-LR(lo) rXs(lo)f RX(Io)-1 rXx(lo) (10)  (1/K) E Is(nT)IZ n=0
10 where the vector iXv(lo) and the matrix h X(lo) are given by:  K-1 



-Xs(lo) A 1 E X((lo/P + n)T) s(nT)* (11)  K n=0 K-1  RX(lo) A L X((1o1p+n)7
)X((lo/P+n)7)t (12)  n=0 where 0 <_ C NCIR-LR(lo) <_ 1 It can be deduced
from the above results that the optimal synchronization  15 strategy with
non-circular Gaussian total noise, called optimal strategy in this document,
consists in calculating, at each sampling instant lTe, the expression C
NCIR-LR(l), defined  by (10) where I replaces lo, 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 lTe = loTe
such that to generates the maximum value of C NCIR-LR(l) out of those  20
that exceed the threshold. 10  The synchronization method for the
rectilinear signals comprises, for example, the  following steps: - Step 0:
Initialization I = [min (Im/n = 0 for example) and choice of the detection
threshold (3 5 - Step 1: Estimation of 1Xs(J and of h X(1) - Step 2:
Calculation of the sufficient statistic C NCIR-LR(I)  - Step 3: Comparison
of C NCIR-LR(I) with the threshold (3  - Step 4: Decision o If C NCIR-LR(l)
< R 10 -If NCIR-LR(I - 0 <   I=1+1  return to step I  ^If C NCIR-LR(1- 1) ?
(3  The synchronization instant is Lore where 1 = Lo  



15 maximizes C NCIR-LR(I) over all of the 1 stored o If C NCIR-LRO ? R
Storage of I and of C NCIR-LR(I)   I=1+1  return to step 1  20 So as to give
a more physical interpretation to the criterion C NCIR-LR(l), we  introduce
the widely-linear space filter W (1) A [ w nc(1)T , w nc(nt]T defined by W
(1) A RX(1) I PXs(I) (13) 25 By considering that the sequence s(nT) 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(I) d [wnc(I)T, wnc(Ot]T 4 RX(1)-IrXs(I), which minimizes the  mean square
error (MSE) between the signal s(nT) and the real output WrX((I/p + n)T) _
11  2Re[wtx((l/p + n)T)], where W A [WT, wt]T, RX(1) A E[X((I/p + n)T)
X((l/p + n)T)f] and  r.5(1) A E[X((1/p + n)7) s(nT) ]. In these conditions,
the criterion C NCIR-LR(W, defined  by (10) where to has been replaced by 1,
takes the following form: K-1 (1/K) E Ync((l/P + n)T) s(nT)  CNCIR-LM n =O
AC T 2  (1/K) EIs(n)I n=0  K-1 E Ync((l/P + n)7) s(n7)  n T- E IS(nT)IZ  n=0



(14)  5 where y7ic((1/p + n)T) corresponds to the output, ync((l/p + n)7) A
W(ftX((l/p + n)T) _  Me[ iv nc(l) fx((Ilp + n)7)], of the filter W(1) the
input of which is X((l/p + n)7). In these conditions, the sufficient
statistic CNCIR-LR(l) 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(I), as is illustrated in figure 1. 10 Thus,
as long as l is not close to lo, the sequence s(n7) is weakly correlated
with the observation vector X((1/p + n)T), the vector W(l) is not very far
from the zero  vector and the function C NCIR-LR(l) approaches zero plus or
minus the variance noise  due to the finite duration of the training
sequence. 15 Conversely, at the synchronization instant I = lo, the sequence
s(nT) is perfectly  correlated with the useful part of the observation
vector X((1/p+n)T) given, under HI, by:  HI: X((Io/p + n)T) ~ s(n7) Hs +
B7((lo/p + n)T) (15) and the vector rXs(1) becomes proportional to Hs. Then,
the vector W(l) becomes  20 proportional to the widely-linear space-matched
filter, Ws(l) A [wne,s(1)T, wnc,s(l)t]T A  RX([-I Hs, 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 12  for a virtual array of 2N sensors receiving a
useful signal for which the channel vector is  Hs and an observed total
vector noise BI((10/p + n)T) at the time (lo/p + n)T. One consequence of
this result is that the widely-linear space-matched filter  Ws(1) is capable
of rejecting up to P = 2N - 1 rectilinear interferences from an array of N
5 sensors and, more particularly, P = 1 rectilinear interference from a
single sensor, hence the concept of single antenna interference cancellation
(SAIC). Then, when K increases,  the criterion C NCIR-LR(l) for I =1o
approaches the quantity CNCIR-LR(lo) given by:  CNCIR LR(lo) rXs(lo)t RX(10)
1 rrs(1o) [SINR]nc(lo) (16) 



Its 1 + [SINR]nc(lo) where [SINR]nc(lo) is the SINR at the output of the
widely-linear space-matched filter  10 Ws(10) at the sampling instant loTe,
defined by: [SINR]nc(lo) = Its Hs RB(10) 1 Hs (17)  Assuming a total
Gaussian and orthogonally sequenced noise, the probability  of correct
synchronization is directly linked to the value of the parameter pnc = K 15
[SINR]nc(lo), which is none other than the SINR at the correlation output,
just before the  comparison with the threshold. This result remains valid in
the presence of rectilinear  interferences. Performance characteristics 20
It is assumed that the total noise consists of a rectilinear interference
and a  background noise. In these conditions, the noise vector bf(lo/p +
n)T) takes the form:  b7((lo/p + n)T) ~ j l ((lolp + n)T) hl + b((1o/p +
n)T) (18) where b((lo/p + n)T) is the background noise vector at the instant
((lo/p + n)T), assumed to  be centered, stationary and spatially white, h I
is the channel vector of the interference and  25 jl((lo/p + n)T) is the
complex envelope of the interference at the instant ((lo/p + n)T). In these
conditions, the extended observation vector for the instant ((lolp + n)T),
X((lo/p + n)T), can be expressed X((lo/p + n)T) ~ s(nT) Hs + j I ((lo/p +
n)T) HI + B((lo/p + n) T) (19) 13  where B((1o/p + n)T) 4 [b((10/p + n)7)T,
b((10/p + n)T)f]T HI A [h 1 T, h 1 t]T and where  the matrices R(k) and
C(k), are expressed: R(k) m l (k) hl h 1t + 1121 (20)  C(k) ml(k)hi hIT (21)
5 where 712 is the average power of the background noise for each sensor, I
is the identity  matrix (N x N) and ml (k) 4 E[V'I(kTe)12] is the power of
the interference received by an  omnidirectional sensor for a propagation in
free space. Given the above assumptions, the spatial correlation
coefficient, als,v,  



between the interference and the useful signal for the virtual array of 2N
sensors, defined  10 by the normalized scalar product of the vectors Hs and
HI, and such that 0 <_ als,vt <_ 1, is  given by: als,v Hi2Hs /2 = 1a1.s1
costa (22)  (Hl Hl) (Hs Hs) where y is the phase of hsfhl and where als,
such that 0 <_ lalsl <_ 1, is the spatial  correlation coefficient between
the interference and the useful signal for the real array of N  15 sensors,
defined by: (Vi p piths A jalsj e _J' (23)  (h1 h1) r2(hs hs) l2 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 20 space, pattern, polarization and phase
diversity. One consequence of this result, proven by  the fact that als,vi =
Jalsl Icosyit :_ als[, 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(lo), defined  25 by (17), takes the
form: 14  [SINR]nc(lo) = 2c5 [1 - 2e1 RaisI2cos2W ) (24)  1 +2E1 where Es A
(hsths) Its / 112 and E1 4 (hIfhI) 7t1 / 112. The expression (24) shows that
[SINR]nc(lo) is a decreasing function of cos2ip, l(XisI2 and E1, taking its
minimum value in  the absence of spatial discrimination between the useful
signal and the interference Qalsl 5 1), which is produced in particular for
a single-sensor reception. In these conditions, for a  strong interference
(E1>> 1), the expression (24) takes the form: [SINR]nc(lo) ~ 2Es [1 - cos2yi
] (25) 



an expression independent of E1, controlled by 2Es and cos2w, and showing a
capacity to  reject rectilinear interference by phase discrimination as long
as y # 0 + kit, i.e. as long as  10 there is a phase discrimination between
the useful signal and the interference, with a degradation of the
performance characteristics compared to the situation in the absence of
interference increasing with cos2Y. Examples of favorable, unfavorable and
intermediate situations relating to the  15 differential phase w 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 7d2 so as to minimize the contribution of the  20
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 25 be approximated by a
linear modulation, generating the approximate useful complex  envelope: s(t)
- s y jn bnf(t - nT) (26)  n 15  where hn =  I are random i.i.d variables
corresponding to the transmitted symbols if the  symbols are differentially
encoded in the exact form of the modulation, T is the symbol  duration and
f(t) the real value shaping filter which corresponds either to the main
pulse in  the Laurent breakdown or the best pulse in the least squares
sense, for example. In both 5 cases, the time bearer of f(l) is
approximately 4T and the sampled version of f(t) at the  symbol rate
generates only three non-zero values corresponding to f(0), the maximum
value of f(t), and two non-zero secondary values, f(T) and f(-T), such that
f(T) = f(-T) <./(O). The derotation operation involves multiplying the
sample, s(nT), of s(t)  



byj-n, generating the derotated sampled signal, sd(nT), defined by: sd(nT) A
j n s(n7) = s E r -n bmf((n - m)T) d s E bmfd((n - m)7) (27)  10 in m  where
fd(l) A j-lIT f(t) is the equivalent shaping filter of the linearized and
derotated  GMSK signal. It can be deduced from (27) that sd(nT) has the form
of a BPSK signal  sampled at the symbol rate but with two differences
compared to BPSK. The first lies in  the fact that fd(t) is not a %Y Nyquist
filter and that the inter-symbol interference (ISI) 15 appears after a
filtering operation matched to the filterfd(t). The second lies in the fact
that  fj(t) is no longer a function with real values but becomes a function
with complex values.  Extended observation vector To simplify the analysis,
a useful signal and a GMSK interference that are  20 synchronized are
considered. In these conditions, the observation vector sampled at the
symbol rate and derotated is expressed, for the synchronization instant
laTe, xd((lo/p + n)T) 4 j n x((lolp + n)T) = f n s(nT) hs +j- " j l(n l) hi
+j nb((lo/p + n)7)  (28)  By inserting (27) into (28), we obtain:
xd((lo/p+n)7) ~ s [f(o) bn+jf(-7) bn+l -j r(7) bn-1j hs+ l [O) bn +jf(-T)
bn+l -j r(T) bn lj h1 +j n b((lolP + n)7) (29)  25 16  where l controls the
amplitude of the interference and where b;, is the symbol n of the
interference. From (29), it is possible to deduce the expression of the
extended derotated  observation Xd((1o/p + n)T) A [xd((lo/p + n)f)T,
xd((lo/p + n)f)t]T, given by: Xd((lo/p + n)T) - s. (0) bn Hs + s [1(-O bn+l
-./(T) bn-1] Ws + 5 MAO) bn;I Hl + l [.f(-T) bn;1+1 -J(T) bn;I-1] JHI
+Bd((lo/p + n) T) (30)  where Bd((lo/p + n)T) 4 [l n b((10/p + n)T)T, j n
b((lo/p + n)T)t IT and J is the matrix  (2N x 2N) defined by: 



I O J 4 j (31)  0 -I 10 where I and 0 are respectively the identity and zero
matrices (N x M. Comparing (30) and  (19), it can be deduced that, unlike
the BPSK sources, a derotated GMSK source i (useful  (i = s) or interfering
(i = 1)) generates, in the extended observation vector, Xd((lo/p + n)T),
two statistically independent sources of powers nil A i2f0)2 and nit 4 i2[
f(-1)2 +  1(T)21 and of channel vectors given respectively by Hi and JHi,
such that Hi tJHi = 0. 15 Limitations of the widely-linear space filters It
can be deduced from the above result that two degrees of freedom are
necessary to process a derotated GMSK interference from Xd((10/p + n)T).
Thus, while  considering space filters (y((10/p + n)T) A WV Xd((lo/p +
n)T)), the number of virtual 20 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 25 propagation channel. In these
conditions, the problem can be resolved by replacing the  widely-linear
space filters with widely-linear space-time filters. 17  Synchronization
using widely-linear space-time filters A widely-linear space-time filter (ST
LSL) with L coefficients for each filter  generates, at the synchronization
instant loTe, the output y((lo/p + n)T) defined by: (L-1)/2  Y((lo/P + n)T)
A L Wt Xd((lo/p + n - q)T) " Wst t Xd st((lo/p + n)7)  q = - (L-1)/2 (32)  



5 if L is odd and L/2-I  Y((lo1p + n)7) L Wqt Xd((lo/p + it - q)T) Q Wst t
Xd,st((lo/P + n)T)  q = -L/2 (33)  if L is even, where the vectors (2LN x 1)
Ws1 and Xdst((lo/p + n)T) are defined  respectively by Wst A [W-(L-1)/2T.
......, W(L-1)/2T]T and Xd,st((lo/p + n)T) A  [Xd((lo/p + n + (L -
1)/2)T)T,..., Xd((lo/p + n - (L - 1)/2)7-)T]T if L is odd and Wst A 10
[W--L/2T. ......, WL/2 - 1T]T and Xdst((lo/p + n)T) A [Xd((lo/p + n +
L/2)T)T,...,  Xd((lo/p + n - L/2 + 1)T)T]T if 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  15 5, but where the widely-linear space filter (2N x 1)
W(t), defined by (13), is replaced by  the widely-linear space-time filter
(2LN x 1), Wst(l), defined by: Wst(1) A RXdst(1) 1 ?Xdst,s(l) (34)  where
the matrix (2LN x 2LN) RXdst(l) and the vector (2LN x 1) ?Xd,st,s(l) are
defined  respectively by: 20 18  K-1 RXd,st(l) 1 L Xd,st((1/p + n)Tj
Xd,st((l/p + n)T)t (35)  K n=0 K-1  rXd,st,s(n I K Xd,s(1/p+n)7) s(n7)*  n=O
(36)  In these conditions, the sufficient statistic tested at the instant
ITe is expressed:  C;ANCIR-LR(1 -.A  



K-1 (I/K)E; Ync n=0 K-1  st((1/p + n)T) s(nT)* (1/K) E; ; ls(nT)12  n0  K-1
Ync  5 n=0 K-1  st((Ilp + n)T) s(nT)* E; n=0 Is(nfI2 (37)  whereYnc,st((1/p
+ n)T) corresponds to the output, ync,st((llp + n)T) A Wst(wtXd,st((I/p +
n)T), of the filter Wsi(I), the input of which is Xdst((l/p + n)T). This
sufficient statistic 10 C NCIR-LR(1) 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  filter Wst(1). The
expression (37) can also be expressed: A rXd,st,s(nfi RXd,st(L) 1rXd,st,s(l)
(38)  CNCIR-LRW (1/K) E is(n7)12  n=0  15 The steps of the method for the
GMSK signals are summarized below: - Step 0: Initialization I = [min (Irvin
= 0 for example) and choice of the detection  threshold (3 19  - Step 1:
Derotation of the observations and construction of the space-time
observation vectors (2LNx 1) Xd st((l/p + n)T), 0:< n -< K- I  - Step 2:
Estimation of ?Xd,s(,s(l) and of RXd,st(l) - Step 3: Calculation of the
sufficient statistic C NCIR-LRY), defined by (38)  



5 - Step 4: Comparison of C NCIR-LR(I) with the threshold 0 - Step 5:
Decision o If C NCIR-LR(I) < R If NCIR-LR(I - 1) < (3   1=1+1 10  return to
step 1  'If C NCIR-LR(1- 1) > R  The synchronization instant is loTe where 1
= to  maximizes C NCIR-LR(I) over all of the I stored o If C NCIR-LR(I) > R
15  Storage of I and of C NCIR-LR(l)   1=1+1  return to step 1 It is
possible to show that, in the presence of P GMSK interferences, a  20
sufficient condition for rejecting all the interferences (including the
inter-symbol  interferences) at the output of the filter Wst(lo) is that the
following condition should be  met: P< L(2N-1)-2 (39)  L+3 which generates
the sufficient condition P < 2N - 1 for L that is infinitely great and which
25 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(N  - 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 20  account,
for example, of the fact that the correlation operation between the output
Ync,st((Io1p + 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 if'st(lo) is not necessarily needed on
synchronization. In these 5 conditions, a limited number of coefficients (L
= 3 or 5) can be used to obtain very good  results in numerous situations
inherent to the GSM network context, including for  N=P=1. The optimal
widely-linear space-time filters can also prove advantageous for
synchronizing BPSK signals, particularly when the propagation delay is not a
multiple of  10 the sampling period. The method described above applies for
all types of propagation channels  (time-spread or not). 21  REFERENCES [1]
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method of synchronizing a substantially rectilinear signal being propagated
through  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(nT) is used  comprising K symbols and sampled at a
symbol rate T (s(nT), 0 < n S K 1) characterized 10 in that, based on
observations x((n + l/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 + I/p)T)T, x((n + 1/p)T)f]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  15
vector X((n + l/p)T). 2 - The synchronization method as claimed in claim 1,
characterized in that it comprises at  least the following steps, for
rectilinear signals: - acquiring observation vectors (N x 1), x((l/p + n)T),
0 5 n 5 K 1, where T = pTe  20 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
+ l/p)T)t]T, - choosing L as the number of time coefficients and
constructing virtual space-time  25 observation vectors (2LN x 1), Xst((n +
l/p)T) A [X((l/p + n + (L - 1)/2)7-) T'...'  



X((l/p + n - (L - 1)/2)T)T]T if L is odd and Xst((l/p + n)T) A [X((l/p + n +
L12) T)T,..., X((l/p + n - L12 + 1)T)T]T if L is even, - determining the
intercorrelation vector. i X,st,s(1) and the correlation matrix  R X,st(l)
of the space-time observations, for the sampling instant 1, taking into  30
account the second correlation matrix of the vector x((l/p + n)T), 23
defining a space-time filter ST and its estimate from RX,st(l) and. r
X,st,s(1),  such that Wst(l) 4 R X,st(l)i r X,st,s(l), defining a
synchronization criterion C NCIR-LR(1) by correlating the output of  the
space-time filter Wst(1) and the training sequence, 5 - comparing the
criterion C NCIR-LR(l) with a threshold R set for a given false  alarm
probability. 3 - The method as claimed in claim 1, characterized in that it
comprises, for two-state  CPM signals, a preprocessing step for derotating
the received observations. 10 4 - The method as claimed in claim 2,
characterized in that:  A rX,st,5(ORXsO)-1rX,st,s@  CNCIR-LR(1) (1/K) E
ls(n7)2  n=0  where the matrix (2LN x 2LN) RX,st(1) and the vector (2LN x 1)
rX,st,s(l) are defined  respectively by: K-I  RX,st(l) 1 L Xst((llp + n)T)
Xst((ilp + n)T)t  n=0 K- I rX,st;s(l) A 1 y Xst((1/p + n)T) s(nT)*  15 K n=0



where 0 <_ C NCIR-LR(l) :- 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  20 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 24  integer and Te the sampling
period, a virtual observation vector X((n + 1/p)T) _ [x((n +  1/p)T)T, x((n
+ 1/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 + 1/p)T). 5 6 - The device as claimed in claim 5, characterized in that
it comprises 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. 10
7 - The device as claimed in claim 5, characterized in that it comprises a
device able to  convert a two-state CPM signal into a quasi-rectilinear
signal. 8 - The use of the method as claimed in one of claims 1 to 4 or of
the device as claimed in  one of claims 5 or 6 in synchronizing a
one-dimensional modulation signal: ASK, BPSK,  15 etc. 9 - The use of the
method as claimed in claim 3 and of the device as claimed in claim 7 to
synchronize a two-state CPM signal of MSK, GMSK or other type. 


